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Lecture 1

· What is nutrition?
· It is the science of the nutrients and "other substances" in food:
· Their action, interaction, and balance in relation to health and disease
· The processes by which the organism ingests, digests, absorbs, transports, utilizes, and excretes food substances
· How else can we describe nutrition?
· It is a science - we use the scientific method to gather facts and principles
· More specifically we focus on the biology and chemistry in human beings
· It is an art - sociology and psychology have a huge bearing on it
· The main point is that nutrition and food touches many fields, including unexpected ones such as physics, communications, psychiatry, religion, etc.
· How did Whitney & Rolf seek to extend the earlier definition of nutrition?
· They think that it should include the environment and human behavior as they relate to food
· Talk about dietitians/nutritionists.
· They fill the gap between nutrition and human need: how do we match human needs (and wants!) with good nutrition?
· They are members of the Dietitians of Canada 
· They have the credentials "R.D." (for Registered Dietitian), acquired as the result of a dietetics degree from a recognized institution
 

Lecture 2

· State 3 reasons why it is important to study nutrition.
· Population-level concerns: global health, community health, etc.
· Individual concerns: individual well-being, prevention of chronic diseases, etc.
· Improved knowledge base: smarter grocery shopping, more informed decision making, etc.
· Discuss some interactions in human nutrition we see in everyday life.  Start with listing the 4 major categories and expound from there.
· Human nutrition
· The food choices we make, how the food is prepared, and so on will affect our nutritional status
· Health status
· Endemic diseases such as AIDS in Africa disable so many able-bodied men that no one is there to harvest the food
· We can have diseases that affect the way we process food - sometimes we have allergies, sometimes it's diabetes, and so on
· Cultural factors
· Perhaps our culture emphasizes a certain diet, or social situations dictate certain foods (think beer)
· Ecological factors
· The climate can affect the foods we are able to grow
· Pollution can poison the foods we eat
· Discuss population death rates.  What is the trend we are seeing?  What is the goal we are working towards?
· The trend we are seeing is that people are living longer on average
· Our goal is that we live as healthily as possible until we die
· Refer to Figure 1-2 on Page 2 of the course notes.  What are 3 observations which we can make?
· There was a high rate of childhood mortality in the 1900's
· Public health reasons for this include bad water quality, spitting on the streets, etc.  So when we introduced public health measures, things improved as you can see by the 1940/1990 curve
· The most influential public health measure has been an increase in the STANDARD OF LIVING
· For example, houses where you have your own room so contagious diseases are not spread as easily
· Improved sanitation also greatly reduces the spread of infectious diseases
· "Selfish gene"/"weak gene"?
· The idea is that with health care we are NOT weeding out the people genetically predisposed to dying earlier b/c we are keeping them alive, which means that overall our population is not as good as it could have been…?
· Discuss the difference between nutrition-responsive and nutrition-unresponsive diseases.
· The idea here is that some diseases are entirely determined by one's genes and thus nutrition will not make a difference
· Examples of these include sickle cell anemia, hemophilia, and etc.
· Nutrition-responsive diseases are those which are directly related to one's diet and nutritional status
· Think about things such as vitamin deficiencies, mineral deficiencies, and so on…or something like obesity
· The most confusing diseases are ones in the middle of the continuum such as cancer - is it totally genetic?  No.  But it is entirely determined by what you eat?  Also no.
 

Textbook Readings -- DO THEM!
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Lecture 3

· Name some deficiency diseases, and explain which nutrients cause these in their absence.
· Scurvy: lack of Vitamin C
· Beriberi: lack of thiamin
· This was prevalent in the rice-growing regions of Asia, where wealthy people who wanted "polished" rice removed the brown covering and the thiamin along with it
· Rickets: lack of Vitamin D
· Symptoms of this include bowing/bending bones which are too weak to support the body's weight
· Pellagra: lack of niacin
· This is the only one currently in North America
· It is found in the Appalachians, where people have a corn-based diet and therefore lack the niacin found in meat
· As well, the way they treat their cornflower removes niacin from it
· Pellagra has the 4 D's of symptoms:
· Dermatitis - you get black, scaly skin when the sun shines
· Diarrhea - the mucosal cells in the small intestine get ruined
· Dementia
· Death
· Goiter: lack of iodine
· This is a swelling of the thyroid gland/throat, and in some countries it is thought to be a sign of beauty
· Anemias: lack of Vitamin B12, Vitamin B6, iron, folate
· Hypovitaminosis A: lack of Vitamin A, β-carotene
· This causes more deaths and illnesses than anything else!
· Children are primary sufferers…the tear ducts dry and crack, then the resulting infection kills people
· Protein-Energy Malnutrition: too little protein/carbohydrate
· When you have PEM…you probably have other diseases too because if you don't have enough P/C, you probably can't afford to get those vitamins either…
· What are some issues to consider when thinking about how to fix these diseases?
· Hematochromatosis: this is when we can't control the amount of iron we get at the absorption level
· Thus if we attempt to current for deficiency just by putting more iron in bread, we can KILL these people because now there is SO MUCH of it
· Neural tube defects: other times it has been a highly successful public health measure to put supplements in food - the addition of folate has greatly reduced the risk of neural tube defects in babies
· Discuss the relevance of nutrition to chronic diseases.
· 4 of the Top 10 leading causes of death/illness are diet-related: heart disease, cancer, stroke, and diabetes
· However, the relationship between these chronic diseases and diet is not pure like a deficiency disease is - there are other factors which affect one's likelihood of contracting a disease
· What kind of nutritional habits lead to chronic diseases?
· High fat diets
· Excessive alcohol intake
· Low carbohydrate intake
· Low vitamin/mineral intake
· High sugar intake
· High salt intake
· Discuss the relationship between lifestyle choice (such as diet!) and health
· The majority of people have their health affected by lifestyle choices
· Some people have a genetic make-up such that they will be unhealthy and die early regardless of what choices they make
· Other people's genetic make-up is such that they will live a long life regardless of their lifestyle choices
· What is a quick way of measuring someone's nutritional status?
· Look at their height and weight, then compare it to growth curves
· Think about Figure 1-3 in the course notes (pg. 4) and discuss the different factors which can affect one's nutritional status.
· Biological utilization: are you able to properly use the foods which you are ingesting?
· Disease affects this, which in turn is affect by the environment and the health care system
· Food choices: are you picking healthy foods?
· Food availability and income affect this
· Other factors which can affect both branches: education, culture, purchasing power, production ability, etc.
· How was the complexity of these factors demonstrated in a South American village?
· The workers installed a water treatment plant and thought that all the water-poisoning incidents would be solved
· However, they neglected to realize that the people of the village would share it with people from other villages, and in so doing exceed the capacity of the plant -- the workers' mistake was that they didn't acknowledge the factor of CULTURE
· What are the 3 main biological and physiological functions of food?  What purposes for eating do they imply?
· Functions:
· To provide energy
· To promote growth and maintenance of body tissues
· To help regulate processes in the body
· Purposes for eating:
· To provide energy
· To provide essential nutrients
· What are some non-biological functions of food?
· Think about things like its psychological role, social significance, ceremonial use, religious use, etc.
· How might one define "diet"?
· It is our eating pattern - our typical food choices and quantities
· It can be measured over a lifetime, over a week, or even over a day
· What is the overall goal for a diet?
· It should meet the need for nutrients while providing maximum protection against chronic disease
· The emphasize is on the TOTAL diet as opposed to picking and choosing certain nutrients to fight against specific diseases
 

Lecture 4

· What are three categories of non-nutrients?  Give some examples for each.
· Naturally occurring - so these are ones which are naturally part of foods (i.e. God wanted them there)
· Flavor and scent agents (their function is not nutritional but rather to provide a certain flavor/scent)
· Biologically active substances (these are used by the body in some way)
· Toxicants (although remember that toxicity is species-specific)
· Incidental - so these are things which we don't intentionally put into the foods, but are also not naturally occurring
· Micro-organisms: some can be bad for you
· Toxicants: again things like heavy metal can get incidentally picked up from the soil
· Contaminants: stuff like pesticides can accidentally be added!
· Reaction products: think about the charring when you barbecue!
· Intentional: so this is when we have purposely added something to the food
· These are generally called additives
· What are functional foods?  What are phytochemicals?  Discuss what they mean for us.
· Functional foods are foods that contain physiologically active compounds that provide health benefits BEYOND their normal nutritional value
· They are also called nutraceuticals
· Phytochemicals are the non-nutrient compounds themselves that we find in these functional foods which have beneficial biological activity in the body
· They are important for us because a lot of times they have anti-oxidant properties, which means they kill high-energy compounds in our body called "free radicals" which can be damaging
· The worst free radicals are a group called ROS - reactive oxygen species
· How is broccoli an example of this?
· Broccoli fights cancer because there is a chemical in broccoli which causes the release of enzymes in our body which fight toxins and therefore help to prevent cancer
· What are the essential nutrients in food?  Comment.
· Water, carbohydrates (CHO), lipids (fat), proteins (PRO), vitamins, and minerals
· Note that all of these are naturally occurring in foods, but sometimes we add them intentionally as well (especially vitamins and minerals)
· Give the definition of a nutrient.
· It allows/supports growth, maintenance, and repair by the body
· It has to be derived from food
· They must have a specific chemical identity - either a certain compound or a family of closely related compounds
· They have a clearly defined role: either regulatory, structural, or functional
· Give the definition of an essential nutrient.  Add comments.
· It is one which the body either cannot make on its own or cannot make in sufficient quantity
· Niacin and water are examples of nutrients which we can make - just not in sufficient quantities
· There are roughly 50 nutrients which fit this definition and belong in one of the six categories listed above
· Different nutrients are "essential" to different degrees - some nutrients you can go longer without, some nutrients have more severe diseases caused by their absence, etc.
 

Textbook Readings
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Lecture 5

· Talk about water.
· It is the nutrient we need the most of
· It accounts for more of our body mass than any other substance
· For adults, there is a turnover of about 6% per day of the water in our bodies
· 2/3 of our body's water is inside cells, and 1/3 of it is outside our cells
· Talk about carbohydrates.
· There are different kinds of carbohydrates in our body, most notably glucose which is an ESSENTIAL NUTRIENT because the body cannot make enough for its needs
· Dietary fiber is an "honorary" (?) essential nutrient; important in the health of the GI tract
· Talk about lipids.
· There are different kinds of lipids: SFA (saturated fatty acids), MUFA (monounsaturated fatty acids), PUFA (polyunsaturated fatty acids), HUFA (highly unsaturated fatty acids), etc. - they are placed into groups according to how many double bonds they have
· So more specifically an "omega 6" fatty acids would have a double bond starting at the 6th carbon from the end of the molecule
· There are also ESSENTIAL fatty acids (EFA) just as there are essential nutrients - these fatty acids are linoleic acid, linolenic acid, and arachidonic acid
· However, arachidonic is not truly essential because the body can make it from linoleic acid when needed
· Another important class of lipids are FISH OILS, which include eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) - they may someday be considered essential
· These guys are found in mammals who eat fatty fish as well as the fish themselves (salmon, tuna, etc.)
· They are classified as HUFA (highly unsaturated)
· Talk about proteins.
· All proteins are made out of some combination of 20 different amino acids
· 9 of those 20 amino acids are essential because we cannot make them: tryptophan, valine, threonine, isoleucine, leucine, lysine, phenylalanine, methionine, and histidine (PVT TIM HALL)
· Special notes:
· Cysteine can be made from methionine and tyrosine can be made from phenylalanine so we say that they are "semi-essential"
· When we are infants, we need arginine in addition to those 9
· What do carbohydrates, lipids, and proteins have in common?
· They are all considered to be macronutrients, because our daily consumption amounts are measured in GRAMS
· What are micronutrients and which nutrients are in this category?
· Micronutrients are those which have a daily consumption measured in milligrams (mg) or micrograms (ug)
· Vitamins and minerals are considered to be micronutrients
· Talk about vitamins.
· There are two kinds: water-soluble and fat-soluble
· Water-soluble:
· Vitamin C
· B vitamins (thiamin, riboflavin, niacin, Vitamin B6, Vitamin B12, folate, biotin, pantothenic acid)
· Fat-soluble:
· Vitamins A, D, E, K
· Special case:
· Choline is vitamin-like (we say non-B vitamin) and it is conditionally essential
· Our dietary source of choline is the fat lecithin
· They are small, organic compounds
· Talk about minerals.  In particular, how are they different from vitamins?
· There are 3 kinds: major, trace, and candidates
· Major: calcium, phosphorus, potassium, sodium, chloride, magnesium, sulfur
· Trace: iron, iodine, zinc, chromium, cobalt, selenium, fluoride, molybdenum, copper, manganese
· Special case: we do not need to look to intake cobalt individually because it is part of Vitamin B12
· Candidates (not everyone agrees on these): arsenic, boron, nickel, silicon, vanadium, tin, cadmium, lead, lithium
· They are different from vitamins because they are NON-ORGANIC
· Discuss the variability, finality, and necessity of these recommendations.
· There is a huge variation in vitamin needs according to SPECIES and AGE
· Also, the recommendations are being changed all the time according to new research so the figures are by no means final
· Lastly, too much of some nutrient (toxicity) or too little (deficiency) can be dangerous - this is why the recommendations are important, so that you can stay within a safe range
· In terms of weight, what is the distribution of the various nutrients in our own bodies?  Make some comments as well.
· Distribution: water is from 50-70%, fat is from 5-35%, protein is around 15%, minerals are 4-6%, and carbohydrates are less than 1%
· Water and fat vary the most amongst different people (leaner people have more water and less fat, and vice versa for fatter people)
· Water fluctuates more than fat, which fluctuates more than protein
· Minerals are mostly found in the skeleton (think bone minerals!) and fluid spaces
· Knowing this, how can we relate diet to physiology?
· The idea is that we can eat to meet the body's needs
· Once the food is digested however, the body takes over and works with whatever it has - perhaps it might convert some food to certain compounds, perhaps it might excrete excessive food, etc.
· How can we break down body weight?  Explain.
· Body weight = lean body mass + storage fat
· Lean body mass is all our body tissue EXCEPT for storage fat - in other words it is the tissue that is metabolically active, like muscles or the liver for example
· Storage fat is just those adipocytes which store fat
· Talk about each of the nutrients and describe their physiological role in the body (remember that there are very limited options for what something needs to be able to do in the body in order to be considered a nutrient)
· Carbohydrates: pure energy, baby!
· Fat: energy, but the excess fat will become "stored"
· Proteins: structure and function regulation, but also energy in desperate situations
· Minerals: structure and function regulation
· Vitamins: only function regulation
· Water: both structure and function regulation (remember that it bathes our cells!  That counts as structure)
 

Lecture 6

· Think about the way a cell works, especially with regards to how it interacts with the food we eat.  What observations can we make?
· Firstly, the ultimate decision is at the cell level with regards to what the cell does - we can only influence things so much by what we eat
· Secondly, the cell is a DYNAMIC system because we're always synthesizing new biomolecules and breaking down food
· The relative rates of these processes is called the "turnover"
· Thirdly, the cell is ADAPTIVE because its metabolic processes change according to what the body needs
· Talk about a curve relating nutrient intake level with a cell's ability to function.  What characteristics might we expect the curve to have?
· Firstly there would be a region where the nutrient intake is "optimal" and thus the function would be at or near 100% as well
· As you moved away from this region on other side (either to the "more nutrient intake" side or the "less nutrient intake" side) the cell's function would decrease because it's not good to have too much (toxicity) or too little (deficiency)
· Secondly the shape of the curve would be DIFFERENT for each person and definitely each nutrient
· How does homeostasis play into all this?
· Recall that homeostasis is all about maintaining some steady state of function - in this case, the cell is adjusting to non-optimal nutrient intake levels to maintain full functionality
· If the intake is LOW, the cell can increase absorption, reduce excretion, and enhance utilization to maintain optimally functional
· If the intake is HIGH, the cell can decrease absorption, increase excretion, and depress utilization
· This is only feasible on a short term basis - if the condition persists long-term, damage may occur
· Also if you go TOO little or TOO much, even homeostasis won't be able to handle it
· After the body takes in energy, what kind of processes use it up?
· Roughly 60-65% is basal metabolism, which is just cells doing their thing and breaking down food to form ATP and such
· About 25% is accounted for by physical activity
· And the last 10% is from the "thermic effect" of food, which just means that we have to do work just to get the food digested - and this requires us to use energy!
· Talk about the relationship between food intake and expenditure.  How can we achieve energy balance?
· First we have to look at the amount of energy we are expending each day, through metabolism, physical activities, and the thermic effect of food AS WELL AS the vitamins and minerals which we excrete as breakdown products after having used them in our bodies
· Then we are able to calculate how much energy we can be taking in - if the total energy we are taking in through food equals the amount of energy which is being used, then we are in energy balance and it's all good!
· How do lean body mass vs. fat and nutrient density play into this?
· Lean body mass vs. fat: the ratio of these two in the body is determined (partially) by the ratio of Ein to Eout
· Nutrient density: this is a measure of how much nutrition we are getting along with the amount of energy we are intaking as food
· Think about what a graph of nutrient content vs. energy content would look like for a nutritionally dense food, nutritionally sparse food, and "medium" food
· Explain what the 3-compartment model for body weight is.
· It's just an expansion of the 2 compartment model, where weight = lean body mass + storage fat
· The 3-compartment model divides lean body mass into body cell mass (BCM) and extra-cellular supporting tissue (EST)
· BCM is the brain, muscle, and other organs which are all metabolically active…INTRA-CELLULAR water is included here
· EST is MUCH LESS metabolically active and includes things like skeleton, tendons, EXTRA-CELLULAR water, etc.
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Lecture 7

· Describe the figure which compared carrots from different fields.  What can we conclude here and why is it important to nutrition?  What are some suggested reasons for these observations?
· The figure compared two different carrot fields, one with rich soil and one with poor soil.  Although the rich field produced MORE carrots than the poor field, the NUTRITIONAL CONTENT of its carrots was not necessarily always better than the carrots from the poor field - it's just that the yield differed
· The point here is that foods are always going to differ in how much nutrition they provide, which is important to us when we are analyzing diets because it means that the nutritional data we get on foods is just AVERAGE data, and does not necessarily apply to the particular food we are eating
· To explain why this variability exists, we need to consider not only the environment but also the genes of each of the carrots - that is why simply manipulating the environment did not ensure that all the carrots from rich soil grew to have more nutritional value than the poor ones
· Discuss the 3 stages of a deficiency diseases, and how a health care provider might act at each stage
· The first stage is the CAUSE of the deficiency
· There are two main causes of deficiencies:
· The first is called "primary deficiency", and we say it is at the "mouth" level because it's when the nutrient never even appears in the mouth - either we have CHOSEN not to eat it (this is the most common problem), or it's a food availability/transportation/storage/preparation issue
· The second is "secondary deficiency" and it is all about inborn errors of metabolism - so the nutrient appears at the mouth alright, but once it is ingested, the body doesn't use it properly:
· Perhaps it is unable to absorb it into the bloodstream
· Or it breaks down the nutrient too quickly, before it can be used
· Or it is metabolized too quickly and excreted
· Depending on what kind of deficiency we are facing, different tests are useful:
· Primary deficiencies can be diagnosed by looking at someone's diet.  There are many ways to do this:
· Disappearance rates - population level
· A disappearance rate is a macro look at the amount of crop which is brought to market - how much food and what kind are we bringing to market, importing, growing, etc.?
· And we can also do surveys to see what we are putting in the garbage
· Of course we have to be careful here in what assumptions we make or else we can get wrong information
· For example we might think we're eating 40-50% fat in our diet which is bad because we want 30%...but we only (incorrectly) assume that if we don't consider the fact that PETS CAN EAT THE FOOD WE PRODUCE TOO -- and the food THEY eat is higher in fat
· 24 hour recall - population level
· This is when we cold-call people (like a SURVEY) and ask them to recall what they ate over the past 24 hours
· On an individual level this is a poor tool because we can run into errors such as forgotten items, poor serving size judgments, and unrepresentative diets…but on a MACRO POPULATION level, it is quite effective
· Food frequency - population and individual level
· Here the idea is to think about the FREQUENCY with which you eat PARTICULAR foods over a longer period of time (say 2 weeks, which is a normal "cycle")
· Diet analysis - individual level
· Here you are trained to estimate servings, be aware of food preparation techniques, and so on…then keep a 3-day journal of everything you ate (which is now quite accurate because you know how to measure servings)
· Then you input this data into a computer which can compare it to "food composition" tables to figure out how much nutrition you are getting from your diet
· Research - individual level
· This is when we are VERY METICULOUS and we go to a metabolic ward in a hospital where very precise measurements can be made on the EXACT nature of the EXACT foods we are eating
· The second stage is the INTERNAL CONSEQUENCES of the deficiency
· This is when the deficiency starts taking its toll on the "inside": the deficiency has lasted to the point now where bodily stores are less than optimal, and we may see abnormal internal function here
· The best tests to run at this point are laboratory tests such as blood, urine, feces, muscle, bone, liver, fat, etc.
· The third stage is the OUTWARD SIGNS of the deficiency
· So this is when we begin to see outward, physical signs and symptoms
· The tests here are done on outward things:
· Weight, height, girth, waist-hip ratio (it has been shown that this ratio is a BETTER PREDICTOR of coronary heart disease than the BMI!)
· Also, mucous membranes and epithelial tissues have a RAPID TURNOVER so any outward signs are often seen here first: eyes, mouth, tongue, skin, GI tract, etc.
· Lastly just how the patient feels: weakness, fatigue, headaches, etc.
· Let's talk more about diet analysis.  What are some issues we have to be thinking about here?
· Data collection must be carefully done, because if not we can run into problems such as:
· Inaccurate recall of foods eaten
· Unspecific recall of foods eaten (how the foods were prepared is an easy thing to miss, especially if you were eating in a fancy restaurant for example)
· Inaccurate recall of serving size
· Also, the time period in which diet analysis is done is an issue:
· Did you do it for a long enough time to get a representative sample?
· Were there any events or holidays going on at the time which would affect your diet?
· Lastly, when we compare the foods to a data base, things can go wrong there too:
· Size: is it good to have a big or small database?  Big is good I guess but it can be too confusing!  Many of us don't have the knowledge to work with them…
· Remember that the database is HYPOTHETICAL FOODS!  They are just averages and they don't represent what EXACTLY you have eaten…(recall the carrot question once more)
· And they are almost always out of date!  There are always changing species/varieties and it is HARD to keep up with this stuff
· Missing data - sometimes we don't have the data for certain nutrients!  I.e. we probably know how much iron is in something, but maybe not SELENIUM…
· Food substitution - if the food you want to look at is missing, we have to make a sensible/reasonable substitution!
· Country - regulations and formulation!  Different countries have different regulations on how much of something you can put into food!  I.e. Joe Louis are sweeter in Quebec…but the point is that this affects the data which is going to be put into the database!
· What kind of research designs do we use to link diets with disease?
· Epidemiological studies: i.e. the Mediterranean diet…why is CHD very low in the population there?  What about the diet leads to the healthy state?
· Case control studies…get one person with goiter and another without it who are otherwise largely the same…now look at their diets and try to identify the differences
· Animal studies: some mice are programmed to become obese
· Human intervention trials
 

Lecture 8

· OK back to the basics.  On a very high, general level, what the hell is a DRI anyway?
· It is just a standard of nutrient intake - in other words, how much of a NUTRIENT should a person be consuming in order to be functional?
· Now be more specific: what are the goals of the DRI's?
· The traditional goal is to protect against deficiency
· Also we want to support optimal body function and prevent chronic disease
· What do we have DRI's for?
· 38 different vitamins, minerals, macronutrients, energy, fiber, and choline
· What values are included in the DRI?  Discuss each.
· Estimated Average Requirement (EAR) - a GROUP goal
· Here we do balance studies: measure nutrient or metabolite content in collected samples of feces, urine, sweat, and other routes of nutrient lost to figure out how much nutrients we are LOSING
· Then we assume that we want equilibrium, so we say that however much nutrient we are losing is what we want to gain in return
· This value will be different for different people based on genes, body size, lifestyle, and so on
· We take ALL the values of different people and make a curve based on the frequencies for different values
· The middle of this curve, also known as the AVERAGE, represents the Estimated Average Requirement for that nutrient
· Recommended Dietary Allowance (RDA) - an INDIVIDUAL goal
· Here we take the EAR curve and add 2 standard deviations to the average.  By definition, this means that 98% of the people who eat the nutrient at the RDA level will have enough of the nutrient
· The other 2% of people are SO EXTREME that we risk toxicity if we extend the RDA to cover them.  Instead, we will treat these special people on an individual basis and not try to blanket them with a population goal (the EAR/RDA)
· Adequate Intake (AI)
· Sometimes we don't have all the scientific data we would like to have in order to find the EAR and in turn set the RDA.  So what we do instead is we look at a group of HEALTHY PEOPLE and find the AVERAGE AMOUNT of the nutrient which they seem to be eating safely
· This is not as nice as the RDA or EAR however because we don't know how much of the population is "covered" if they intake the nutrient at an AI level, as opposed to the RDA where we are fairly certain that it is 98%
· Upper Limit (UL)
· Remember from before - it can be dangerous both to take too LITTLE of a nutrient and too MUCH of a nutrient.  Therefore, we need to set an UPPER LIMIT on nutrients.  This is especially important so that people taking fortified foods and/or supplements (where the nutrient is especially dense) don't go crazy and become toxic
· Note that if you think about UL, RDA, and EAR…the UL is much further from the RDA than the RDA is from the EAR…in other words, we give a lot of room for error in taking TOO MUCH of a nutrient, but not much room for error in taking too LITTLE
· And what about EER and AMDR?  What's up with them?
· These are like the RDA except that they are for ENERGY, not nutrients.
· The EER (Estimated Energy Requirement) tells us how much energy we should be taking to maintain BALANCE and it is very specific - it considered age, sex, height, weight, activity level, and so on
· Notably, there is NO UPPER LIMIT to the EER because that would imply that it is OK to be intaking energy at some value above the EER, as long as one stayed below the UL.  That is INCORRECT because any energy intake above the equilibrium/balance level would mean WEIGHT GAIN, which is undesired
· The AMDR (Acceptable Macronutrient Distribution Range) breaks down the energy we are receiving in our diets into its different sources and tells us what percentage of energy should be from which source (carbohydrates, proteins, and fats)
· The recommended ranges are as follows:
· 45% to 65% from carbohydrate
· 20% to 35% from fat
· 10% to 35% from protein
· Talk more about the GOALS of the DRI's in general.
· Firstly the DRI's, while expressed as a daily rate, should be thought of as an average over several days.  That is, when deciding whether you are meeting the DRI's, look at your nutrient intake for an entire week then figure out what your average intake is per day
· Secondly they are aimed at HEALTHY people - because everything changes including nutrient requirements when you are sick
· Thirdly they are NOT minimum requirements or optimal intakes - they are just recommendations for the population as a whole
· Fourthly they should be met by consuming FOODS, not supplements - if you get them through foods it greatly reduces the chance of toxicity
· Fifthly we use the DRI's to plan meals for groups of people - like in institutions or kindergartens or even public health policies
· Know your DRI table!  (See other sheet of paper)
· Know your nutrient conversions!  (See pg. 16 of the Course Note)
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Lecture 9

· Explain the reasoning behind the "nutrient equivalent".
· The reasoning is that there are many sources from which we can access a given nutrient - sometimes we can get the nutrient from multiple members of a family of closely related compounds, or we can get it when we eat an animal who has previously eaten a certain plant with that nutrient inside, or we can synthesize the nutrient ourselves once provided with some other precursor
· These many sources present a problem because the same amount of each source WILL NOT give us the same amount of the nutrient - thus it is smart to convert everything into a "nutrient equivalent"
· Talk about the nutrient equivalent for niacin.
· We can get this either from whole grains (PRE-FORMED niacin) or we can make it from the amino acid tryptophan (much less efficient)
· Note that we can only make it from tryptophan if we have it in EXCESS - that is, we do not need tryptophan to make our body protein
· Conversion: 60 mg tryptophan = 1 mg niacin = 1 NE (niacin equivalent)
· Talk about the nutrient equivalent for retinol activity.
· In plants there are a group of closely related compounds called the carotenoids…within this group there is a family of compounds called CAROTENES
· Within the CAROTENE group there are different compounds such as α-carotene, β-carotene, and (gamma)-carotene - they are all called PRO-VITAMIN A because they are pre-cursors of Vitamin A
· They are RED and DEEP YELLOW pigments
· β-carotene is the most active, meaning that it converts to Vitamin A the most efficiently
· When any of the pro-vitamins get converted to Vitamin A, they become either retinal, retinol, or retinoic acid (these are the active forms of Vitamin A)
· Thus we can get our Vitamin A either by eating plants and doing the conversion ourselves, or getting it PRE-FORMED by eating an animal who has already eaten the plant and converted it
· If we convert it ourselves, it is a SLOW mucosal/liver cell conversion
· Conversion: 1 ug retinol = 12 ug β-carotene = 24 ug other carotenes = 1 RAE (retinol activity equivalent)
· Talk about the nutrient equivalent for folate.
· Here the sources from which we can get folate include NATURALLY OCCURRING FOLATE in food as well as the folate in FORTIFIED FOODS (where we add folate on purpose)
· Interestingly, the bioavailability of folate is HIGHER in fortified foods, meaning that we'll get more folate out of a folate-fortified food than a regular food that happens to have folate in it
· Conversion: 1 ug food folate = 0.6 ug fortified/supplement folate = 1 ug DFE (dietary folate equivalent)
· Talk about the nutrient equivalent for tocopherol.
· The story here is that there are two families called the tocopherols and the tocotrienols, but the ONLY MEMBER of either family which provides Vitamin E activity to our body is D-α-tocopherol
· However when we look at food composition tables, they tabulate Vitamin E content as if ALL the members of the family were in the D-α-tocopherol form, which is simply NOT TRUE
· Conversion: just take the TE (tocopherol equivalent) value in the table and multiply it by 0.8 to figure out how much Vitamin E you are really getting
· Talk about the nutrient equivalent for Vitamin D.
· Again there are tons of places from which we can get our Vitamin D:
· Plant source: ergocalciferol
· Animal source: cholecalciferol
· Milk fortified with Vitamin D is the most certain source in the human diet
· When we look at the DRI's to measure someone's nutritional status, what do we have to think about?
· Firstly realize that if we are at 75% of the RDA, by definition of the normal distribution it means that we are eating at the EAR level, which means that we have a 50% chance of inadequacy
· If we are at 50% of the RDA, we are TWO standard deviations BELOW the EAR, which means that there is a 98% chance that we are inadequate!
· Secondly we break down the nutrients and figure out how many areas we are inadequate in:
· If we are within 85-100% of the RDA for all the nutrients, then we're fine
· If we are under 75% for a FEW (1-2) of the nutrients, we need to make some FINE adjustments (but NOT drastic)
· If we are under 50% for 1-2 nutrients or under 75% for 6 or more nutrients, we need to make some MAJOR CHANGES or else we will definitely be running into trouble later on
 

Lecture 10

· Discuss the 6 principles behind a well-planned diet.
· Adequacy: The diet contains all the essential nutrients and energy to meet the needs of the person and maintain health. The DRI address this aspect of diet.
· Balance: The proportion of nutrients in the foods we eat reflects our needs. This means the types of foods we choose meet our needs yet do not displace other useful foods by over consumption.
· kcal Control: A person's energy intake just equals energy expenditure to maintain weight or the intake meets the demands for proper growth.
· Nutrient Density: We must consume energy to get nutrients. The ratio of amount of nutrition is compared to the amount of energy supplied by a food. It is the energy cost of acquiring nutrients. If the ratio is high - lots of nutrients for fewer kcals - the food is nutrient-dense.
· Moderation: No excessive (unneeded or unwanted - as used below) amounts of foods and diet constituents are eaten. Things, like some nutrients, aren't squeezed out of the diet by the dominance of others (e.g., fat bumping CHO).
· Variety: Different food at different times is consumed. A principle of dilution is working so that unwanted material, e.g., contaminants, toxic nutrient levels, etc., do not build up, that a mix of trace nutrients is ensured, and the diet is and remains interesting.
· How are these principles related to each other?
· Balance helps ensure adequacy
· Kcal control assists weight management
· Nutrient density promotes adequacy and kcal control
· Moderation contributes to adequacy, balance, and kcal control
· Variety ties it all together
· Describe how Canada's Food Guide to Healthy Eating came about.
· It was based on two reports which separately had different purposes:
· "Nutrition Recommendations for Canadians" was all about nutrient intake recommendations (like the DRI's) - they made 8 statements about this
· "Canada's Guidelines for Healthy Eating" was about health promotion through nutrition - they made 5 statements about this
· OK let's talk about the Nutrition Recommendations first.  If we combine them with the DRI recommendations, what do we get?  Make comments as necessary.
· NR: provide energy consistent with the maintenance of body weight within the recommended range
· This is what BMI is all about - we want to be between 18.5 and 24.9
· As you get further from the ideal BMI range, the health risk increases exponentially
· DRI, NR: include essential nutrients in amounts recommended.
· DRI: AMDR for fat consumption is between 20 - 35% of total energy intake
· Interestingly if we are too low here we have a risk of CHD
· And of course if we are too high we risk CHD, obesity, and cancer
· NR: Sat:Mono:Poly fat ratio, 10%: 10%: 10%
· DRI: saturated fat - keep "low" and trans fat - "low as possible" (CHD risk)
· This is interesting…why are there no upper or lower limits for saturated and trans fats?
· There is no UPPER limit because that would imply that any fat under that level would not be adverse to health, but that's just not true - ANY saturated or trans fat at all poses a CHD risk (remember how there was no EER UL either?  Same deal)
· There is no LOWER limit because we can never TOTALLY eliminate saturated and trans fats from our diets:
· Sometimes we eat a diet of MIXED fats which include saturated fats
· Also, trans fat occurs naturally in foods, so meh…
· DRI: AMDR for CHO is from 45 - 65% of energy
· If we get too high, triglycerides increase and we risk CHD
· DRI: have a maximum of 25% of energy from added sugars
· This is called into debate because 25% is a VERY HIGH number to have for (? Seems high: WHO says 10%)
· DRI: AMDR for PRO is 10 - 35% of energy
· DRI: total fibre = dietary + functional, 14 g/1000 kcal
· There is a lot of functional fiber these days because people aren't eating enough of it naturally
· So we load up breakfast cereal with psyllium (a kind of fiber), for example
· Functional fiber is defined as: fibers extracted from plants and added to foods so as to improve health benefits
· DRI: an AI for sodium of 1500 mg for adult males and females
· NR: include no more than 5% of total energy as alcohol, or two drinks daily, whichever is less
· The concern here is not that the liver will be affected - instead it is that alcohol is "junk calories", which means we're getting a bunch of energy without really any nutrients…so it is bad for BMI
· NR: contain no more caffeine than the equivalent of four regular cups of coffee per day
· NR: community water supplies containing less than 1 mg/L should be fluoridated to that level
· This is for the sake of dental health
· What are Canada's Guidelines for Healthy Eating?
· Enjoy a variety of foods
· Emphasize cereals, breads, other grain products, vegetables and fruit
· Choose low-fat dairy products, lean meats and foods prepared with little or no fat
· Achieve and maintain a healthy body weight by enjoying regular physical activity and healthy eating
· Limit salt, alcohol and caffeine
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Lecture 11

· We'll be looking at Canada's Food Guide in more detail today
· Make sure you study it for the midterm!
· Some overhead
· A 5th "group": Other foods (extras)
· Add interest to our meals
· Thought of as extras
· No serving size set…instead we measure in terms of how many times it was "used"…i.e. 4 cups of coffee is coffee used 4 times
· Often are high in fat and/or energy (but not always!...for example water)
· FAT - butter, margarine, oil, lard, sour cream, sald dressings, cofee cream - dairy/no-dairy..
· SUGAR - ltable sugar, jam, jellies, syrups, honey, candies…
· Other - spices, salt, herbs, mustard, pickles, soft drinks, ketchup, snack foods…
· Water
· Alcohol
· Caffeine - coffee, colas, tea
· Use these foods in moderation
· Where would "white cake" be on the food guide?
· Grains would work…
· So would "other"…
· Canada's Food Guide, 1992
· Health Promotion Tool: CHO shift FROM fat, emphasizes total diet, moderation, variety
· For people 4 years and over
· Emphasizes that different people need different amounts of food: based on age, body size, activity level, male/female, pregnant or breast-feeding
· The Food Guide delivers between 1800 to 3200 kcal
· Messages:
· Enjoy a variety of foods from each group every day
· Choose lower-fat foods more often (these are the pictures they show)
· Chose whole grain and enriched products more often
· Dark green, orange vegetables, and orange fruit more often
· Shows both metric and household measures (confirm this by studying the thing)
· In 3 of 4 groups the serving sizes are clear…but in the MEATS it is a little more complex
· Meats: here we talk about it in grams and ounces (ounces is a household measure I think)
· So if you are a small child then 50 g
· For a larger person, 100 g is the serving size
· Recognizes major nutrients from a group, convenient servings size -> target daily range of servings to get 100% DRI (most)
· So each food groups attempts to get your part of the necessary nutrients…so that if you eat well from all the groups you will get all the nutrients you need!
· Assumes rest of essential nutrients supplied from food
· Vitamin A and D added to margarine, milk..>Vitamin A as carotenes in deep/dark green and orange veggies and fruits
· Vitamin C in citrus and in other v/f
· Iron not in mlilk products but calcium is
· Vitamin B12 only in animal part of meats and alternatives
· Grain products supply v & M and fiber as well as complex CHO
· Fat from milk products and meat & alternatives
· 8" individual Hawaiian pizza…OK let's break this down…it is an example of a "combination food"
· http://www.ahs.uwaterloo.ca/~kh346/kh346oh/sld016.html
· There is 1/4 cup pineapple
· 1/4 cup tomato sauce
· 3 slices' worth of bread
· 1/2 cup of veggies and fruit
· 50 g cheese…approximately 4 dice
· Around 50 g of ham
· Look at "Using the Food Guide" in Related Links
· On exams FORGET combination foods
· OK for the exam: be able to identify which group a food belongs in, then determine serving sizes, then figure out of this diet fits what a person needs
· And where does an individual lie within the acceptable range for a food group?
· Retention factor…this is about how you can lose stuff while cooking
· i.e. Cooking something with heat and light falling on it…you will lose a lot of Vitamin C!
· Cooking meats…loosens fibers and releases vitamins and minerals…will also kill bacteria…
· Vitamin D is LESS heat stable than Vitamin A so you will get tons of cooking loss from D…also vitamin C of course
· A and E are better
· Milk products…we need 2 to 4 servings if we are ADULTS
· Serving size: a cup or 250 mL
· Meat and alters
· So here the deal is that you can have 2-3 servings but depending on how big you are the SERVING SIZE is different
· Note that 1-2 eggs is one serving doesn’t mean eat 2 eggs a day!
· Omega 3 are the best ones
· http://www.ahs.uwaterloo.ca/~kh346/kh346oh/sld017.html
· So if you're at 5 servings per day…you're getting 160% all in one plate of what you should be eating
· And if you are at 12…you get 67% just from that
· http://www.ahs.uwaterloo.ca/~kh346/kh346oh/sld018.html
· Ozv means ounces volume instead of ounces weight
· Handy serving sizes
· Some thing which allows you to use your hand to measure serving size
· So how do you know if you're at the low end or the high end of these ranges?
· See Table 2-1, pg. 26
· Table 2-2 pg. 27
· So the idea here is to see how we can get the different nutrients we need
· I.e. note that thiamin we can get almost anywhere whereas vitamin c is more exclusive to veggies and fruit
· http://www.ahs.uwaterloo.ca/~kh346/kh346oh/sld019.html
· So we'll use the US exchange lists because they take hold of macronutrient side of things…to determine how many grams of protein, fat, and CHO…and the percentages of energy coming from those macronutrients…
· The bridge between the two plans is nutrient density - how much nutrition do you get for a given amount of energy when consuming a food
· The guide looks after the vitamin and mineral side of things…the exchange lists look after the energy…so using the two together is the best way to plan and critique diets
· Chococlate…you get the same nutrition in chocolate that you do in some shreds of carrot!  Crazy
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Topic 3 - Digestion, Absorption, and Transport

 

Digestion

· The Gastrointestinal Tract
· Talk about the GI tract in general.  What is it?
· It is a flexible muscular tube, about 4.6 m (15 feet) long (in the living human).
· It extends from the mouth to the anus.
· It is compartmentalized for special functions.
· How about the oral cavity?
· Mouth or oral cavity is where food first enters.
· The teeth cut and grind the food down into smaller pieces.
· Three pairs of salivary glands (parotid, submaxillary, sublingual) secrete about 1,500 mL (1.5 L) of saliva each day.
· Discuss saliva in greater detail?
· Saliva moistens food for mastication (chewing) and aids in swallowing food.
· Saliva is about 99.5% water and contains the starch-digesting enzyme, salivary amylase.
· Now what's up with the stomach?
· Well firstly, food enters the stomach via the esophagus.
· The stomach is a distensible organ with a capacity of 1 L (4 c).
· There are sphincters at both ends, the lower esophageal (cardiac) sphincter and pylorus, that normally allow the food bolus to move in one direction.
· The stomach is lined with smooth muscle layers, circular and longitudinal (common to all the GI tract) plus a diagonal layer, whose contractions provide the churning action needed for mechanical digestion and move the food mass along by peristalsis.
· An inner lining, the mucosa, consists of a layer of cells, some of which secrete mucus which protects the mucosa.
· Talk about fluid secretions in the stomach.
· Gastric juice is secreted by the mucosal cells: it contains hydrochloric acid (HCl) and a protein-digesting enzyme pepsin. The acidity (pH) of gastric juice is about 1 (very acidic) and assists chemical digestion.
· About 2,500 mL (2.5 L) of gastric juice is secreted each day.
· The fluid secretions and churning action turn the food bolus into chyme, which then enters the small intestine.
· Talk about the small intestine.  What's up with it?
· The small intestine (SI) is a coiled tube, about 2.9 m (10 ft.) in length and 3 - 4 cm in diameter.
· The SI runs between two sphincters: the pylorus to the ileocecal valve.
· The SI contains three sections: duodenum - the first 25 cm; jejunum - the next 1.2 m and ileum - the last 1.4 m of the SI. (figures approximate)
· The SI contains longitudinal and circular smooth muscle to propel the chyme along.
· Talk about the mucosa in the small intestine.
· The mucosa has three sets of projections that protrude into the SI's lumen (Fig. 3-1):
· Rounded folds, ridges of intestinal wall (not shown), that extend 8 - 10 mm into lumen and increase surface area three times.
· Villi (singular villus) project 0.5 - 1.5 mm into lumen from the folds to increase surface area ten times.
· Each villus' surface is composed of epithelial cells (mucosal cells), the absorptive cells of the SI.
· Microvilli (brush border), hair-like structures, extend into the lumen about 1 um from the cells of the villi and further increase the absorptive surface (about x 20).
· Total surface area is about 200 m2, 600 times that of a simple tube.
· What are the main features of a villus?
· See Figure 3.1, pg. 50
· Mucosal (epithelial) cells form in the crypt region, migrate to the villus' tip and are sloughed off at tip; each cell lasts only about two days.
· About 17 x 109 cells, the equivalent of about 30 g of PRO are lost each day.  
· Much of this mucosal cell PRO is digested and reabsorbed.
· The microvilli are rich in enzymes and are lined by a layer extending into the lumen called the glycocalyx (CHO-containing protein) which may serve a protective function. 
· Mucus or surface coat covers and protects the mucosal cells.
· A lacteal, a blind lymph vessel (shown as a hatched region) is found in centre of each villus and joins up to larger lymph duct.
· A capillary bed of the blood circulation is found in each villus.
· An arteriole leading from an artery brings blood to villus.
· A venule collects blood from capillaries and joins to vein that will connect to the portal vein to enter liver.
· Smooth muscle forms a base, the heavy muscles move the chyme by peristalsis and a light extension in each villus makes the villi move constantly.
· How about the large intestine?
· The large intestine or colon is u-shaped, an uncoiled tube 1.1 m (3.6 ft) long x 6 cm diameter.
· There are several segments in sequence starting at the ileocecal valve and ending at the anal sphincter: cecum, ascending colon, transverse colon, descending colon, sigmoid colon, rectum.
· Its mucosa does not have villi.
· The colon reabsorbs water and salts. Some dietary fibre is digested by bacteria here.
· What structures are connected to the GI tract and play an important role in its function?  Discuss.
· The liver and gallbladder add a secretion, bile, to the SI through the bile duct.
· The pancreas via the pancreatic duct adds juices to the SI.
· The various secretions added to the GI tract at various points each contain substances to bring about the processes in the chemical digestion of the food (more about this stuff in the next section)
· Find appropriate figures from the text and insert them here.  And learn them!
· Figures from website to study (possibly using comments from DE CD)
· http://www.ahs.uwaterloo.ca/~kh346/kh346oh/sld038.html
· http://www.ahs.uwaterloo.ca/~kh346/html/wsn.html
· http://www.ahs.uwaterloo.ca/~kh346/html/fsn.html
· Secretions Added to the GI Tract and the Action of Digestive Enzymes
· Let's talk more about saliva.  What's up?
· Glands in the mouth make saliva composed of water, salts (electrolytes), and salivary amylase. 
· Amylase is an enzyme made by and secreted from the salivary glands which catalyzes the digestion (hydrolysis) of certain starches (CHO).  In other words, amylase is a carbohydrase.
· Starch is broken down to a simple sugar, maltose, by the amylase. (Sugars end in "ose".)
· 1.5 L of saliva is produced daily. Saliva is neutral with respect to acidity.
· A lingual lipase is secreted here but its action is in the stomach where it hydrolyses some triglyceride (TG), the major dietary fat, to fatty acids (FA) and monoglyceride (MG).
· And how about gastric juice?
· Special stomach cells produce hydrochloric acid (HCl: pH 1.5 - 2.0) containing enzymes. Other cells secrete the major enzyme, pepsin, a gastric protease which partially hydrolyses proteins. The stomach acid itself also helps digest protein and a very small amount of CHO.
· Also we have gastric lipases which may hydrolyse a tiny amount of TG.
· A protein carrier is also made by stomach cells and attached to vitamin B12.
· 2.5 L of juice is produced daily by the gastric glands.
· Mucus protects the gastric lining.
· And how about the bad boy known as pancreatic juice?
· The pancreas produces a juice which contains bicarbonate (to neutralize the chyme's acid in the SI) plus enzymes. The action takes place in the SI.
· Proteases and peptidases cleave proteins and peptides (small chains of amino acids), resp.
· Pancreatic amylase breaks down starch.
· Pancreatic lipase hydrolyses TG into MG and FA.
· About 1.5 L of juice is added to the SI daily via the pancreatic duct.
· The enzyme profile reflects the amounts of macronutrients in the diet - i.e. we can figure out the kinds of macronutrients we're eating by which enzymes are secreted here!
· Bile?
· Bile is produced continuously by the liver and stored in the gallbladder.
· The liver makes bile acids (bile salts) from cholesterol and adds these to the bile.
· Bile is slightly alkaline so helps to neutralize the SI's acid chyme.
· Bile emulsifies TG in the SI so that dietary fat may be digested (Fig. 3-2, pg. 53).
· The bile salts, together with lecithin and MG (from dietary fat in the SI) have charged or polar groups, the "head", which attract water molecules.  They also contain fatty acid or hydrocarbon ring "tails" that dissolve in the dietary fat, so that the fat glob is dispersed into millions of suspended, microscopic droplets. Bile makes even smaller particles, micelles, of the digestion
products of fat.

· About 500 mL of bile is added daily to the SI via the bile duct. (The pancreatic and bile ducts meet in a common entrance at the duodenum.)
· And last but not least, enzymes of intestinal cells.
· The mucosal cells (in the brush border) contain enzymes, the disaccharidases: sucrase, lactase, maltase. 
· These breakdown the sugars sucrose, lactose and maltose into even simpler sugars - glucose, fructose and galactose.
· Intestinal wall peptidases complete the digestion of protein by cleaving small peptides into amino acids.
· Intestinal cells add about 1 L of fluid to the SI each day.
· What trends are suggested by the data in Table 3.1, pg. 54?
· Table 3-1 summarizes the daily turnover of water in the GI tract. 
· Dietary sources of water contribute 2 L, digestive secretions add 7 L for a total of 9 L fluid added daily.
· The SI reabsorbs 7 - 8 L so that 1 - 2 L pass on to the colon where the remainder is
reabsorbed along with sodium and other electrolytes. Some water remains to keep the

fecal material soft.

· Summary of Digestion
· Talk through Figure 3.3, pg. 55.
· What are some comments we can make in summary about digestion?
· Dietary CHO, PRO, and lipid are macromolecules: digestion breaks them into their building blocks - monosaccharides (simple sugars); small peptides and amino acids; and monoglycerides, glycerol (a small alcohol) and fatty acids, resp. 
· The digestive enzymes - carbohydrases, proteases, and lipases, act on CHO, PRO and lipid. The breakdown products are small and can be absorbed into the body. 
· Vitamins and minerals need little digestion.
· Digestion is a dynamic process. This efficient process occurs in stages along the GI tract
and works independently, yet simultaneously, for CHO, PRO and lipid. 

· To sequence events the body uses neural and hormonal regulation.
· Regulation of Digestion
· Talk to me about Table 3.2, pg. 56.
· Talk about how the nervous system is involved in digestion.
· Nerve fibre networks coordinate the smooth muscle contractions of the GI tract and help stimulate hormone-secreting cells.
· And then how about the endocrine system?
· Many hormones respond to the conditions in the gut and elicit certain actions.  
· Feedback systems are prevalent: some condition triggers a response, a chemical message, the hormone, is sent via the blood to a target receptor which produces an action that often counteracts the initial condition and stops the response, shutting down the action.
· These hormones are known generally as enterogastrones: four will be considered but the complete situation is much more complex.
· Gastrin stimulates release of gastric juice while secretin, cholecystokinin (CCK), and gastric-inhibitory peptide (GIP) each stimulate or inhibit various other secretions which are added to the GI tract.
· Give a flow diagram about how the hormonal action takes place.
· Food in the stomach causes stomach cells to release the hormone gastrin into the blood. Gastrin stimulates stomach glands to make and release HCl and the protease, pepsin. When the stomach contents become quite acid, pH 1.5 or so, the acid stops the production of gastrin so the whole system adjusts or regulates itself.
· Nerve receptors sense the presence of food in the stomach, help stimulate secretions and contract the stomach muscles.
· The pylorus opens and a little acid chyme drips into the duodenum.
· Acidity in the SI closes the pylorus and stimulates specific SI glands to release secretin. Target cells in the pancreas and stomach sense this hormone's presence.
· The pancreas makes and releases pancreatic juice containing bicarbonate (and enzymes) into the SI. This alkaline solution neutralizes the SI's acidity and allows the digestive enzymes to work. Once the acidity has been neutralized, the duodenal cells stop releasing secretin, controlling the system. 
· This is a classic feedback system. 
· Secretin also slows down gastric motion and secretion so chyme preparation in the stomach is matched to the digestion happening in the SI.  
· In the duodenum a neutral condition allows the pylorus to open and drip in a new batch of chyme.
· Fat and PRO entering the duodenum cause the release of CCK. The gallbladder contracts in response to CCK in the blood. Bile is added to the SI to help emulsify the fat present, and assist in neutralizing acidity. CCK also augments the action of secretin on the pancreas. Lipid digestion and absorption removes the fat from the SI, stopping the stimulation of the release of CCK.
· GIP is released from cells in the duodenum and jejunum when fat and glucose appear in the SI. Stomach cells sense GIP in the blood and modulate the release of gastric juice plus slowing muscle action in the stomach. 
· Recent research shows GIP having a more significant role with insulin release from the pancreas.  
 

Absorption

· Absorption Processes
· What are the cells in the GI tract which move material into and out of cells?
· Mucosal cells, baby!
· What are the 4 general mechanisms they use?
· Passive diffusion
· Facilitated diffusion
· Active transport
· Endocytosis (consists of phagocytosis ["cell eating"] and pinocytosis ["cell drinking"])
· Talk about passive diffusion
· See Figure 3.4, pg. 58
· No energy is required for this process. Thus it is termed passive or simple.
· Nutrients such as water, small lipids and some minerals move down a concentration gradient from an area of high concentration to one of lower concentration. The cell membrane is (must be) permeable to these nutrients.
· Depending upon the conditions, the direction of movement can be reversed. 
· Talk about facilitated diffusion
· See Figure 3.5, pg. 58
· Some nutrients, the simple sugar fructose is an example, are not membrane-permeable. These must be assisted by a specific carrier to be transported but the
process does not require energy.  The process is called facilitated diffusion (Fig. 3-5).

· Movement is down a concentration gradient as in simple diffusion. It can operate in
two directions depending upon the conditions.

· As shown, the nutrient attaches to its carrier on the outside of the cell membrane, moves to the inside surface and is released into the cell with the lower concentration.
· The carrier returns to the outer surface to start another cycle. Fructose, a simple
sugar, is absorbed this way.

· Talk about active transport
· See Figure 3.6, pg. 59
· This process (Fig. 3-6) requires energy to move nutrients against the concentration gradient from low regions to high regions. The term active transport describes this
mechanism. Ion "pumps" using the chemical energy in the ATP molecule supply the driving force.

· Movement is in one direction.  Nutrients such as the simple sugars, glucose and galactose, and amino acids attach to specific carriers on the luminal side of the mucosal cell membrane and are carried inside and released. The carrier returns to the outer membrane to start another cycle.
· It is critical that the absorptive cells have active transport ability. The blood stream bathing these cells has high concentrations of glucose and amino acids.  Glucose and amino acids from the meal are too important to the body not to be assimilated, so the body spends some energy to ensure these nutrients are absorbed.
· Talk about endocytosis
· See Figure 3.7, pg. 59
· The last process is illustrated in Fig. 3-7. Large molecules, other particles, and liquids sit in indentations in the outer membrane (sometimes receptors are involved) and are literally engulfed by the cell membrane and are absorbed intact.
· Enzymes in the cell attack the droplet releasing its contents to the cell.
· Phagocytosis involves particles, which may include bacteria and dead tissue. Pinocytosis captures material dissolved in liquid. These, however, are basically the same process so is referred to as endocytosis. The process is energy dependent.
· It is in this way that a baby absorbs antibodies from its mother's milk.
· Sites of Nutrient Absorption
· What is the general trend behind where different things are absorbed in the GI tract?
· Generally, nutrients that require more digestion are absorbed farther along in the GI tract
· Talk about some specific nutrients and where they are absorbed.
· Stomach
· Significant alcohol is absorbed in the stomach.
· Gastric cells make a special CHO-containing protein, a glycoprotein called intrinsic factor. 
· This protein binds to dietary vitamin B12 in a complex (in the SI). This complex is necessary for absorption of vitamin B12 later in the GI tract.
· Small intestine (most absorption occurs in the upper SI - the duodenum and top of the jejunum)
· Minerals, such as calcium, magnesium, and iron, begin absorption early in the duodenum.
· Glucose and other sugars are absorbed in the duodenum and jejunum.
· Water-soluble and fat-soluble vitamins are absorbed at the top of the jejunum and below.
· Amino acids and small peptides are taken up in the jejunum and top of the ileum.
· Fats and most alcohol are absorbed in the jejunum and upper ileum.
· There is a receptor (hatched) at the end of the ileum that binds the vitamin B12-intrinsic factor complex. 
· Vitamin B12 is absorbed then, perhaps by pinocytosis.
· Sodium, potassium and chloride are absorbed along the jejunum and ileum.
· Water is absorbed towards the end of the ileum.
· Colon
· Absorption of water, sodium and chloride continues in the colon.
· Digestion products of dietary fibre in the colon are gases and acids. These are either absorbed towards the colon's end section or eliminated from the rectum as flatus or with the fecal material.
· The Enterohepatic Circulation
· What is the enterohepatic circulation?
· It is the pathway for BILE in the body…it goes through a special cycle of recycling and reuse
· OK, talk through the process…and be sure to explain "entero", "hepatic", etc…
· HEPATIC: bile is manufactured in the LIVER (hence the term hepatic, for some reason), which also gets bile salts which are the result of cholesterol
· ENTERO: bile enters the small intestine (this is why we have the word "entero") from the BILE DUCT from both the liver and the gallbladder
· Then it passes through the small intestine to the ileum where 98-99% of the bile salts go BACK into the blood and the cycle starts again
· This may happen twice per meal, and as much as 6-8 times per day
· What are the roles of these different substances?
· Bile salts, and other compounds are needed to emulsify dietary fat for efficient digestion.
· Bile helps neutralize acid so the SI enzymes are functional. 
· Pancreatic juice must supply adequate lipase to digest the fat. 
· What about malfunctions of these systems?
· Disease or surgery may have decreased the absorptive surface area. 
· If any of these or other factors do occur, the person may develop steatorrhoea: fatty, bulky, pale, foul-smelling, greasy stools. 
· This is a clue that digestive and absorptive problems may be present.
· Mucosal Cells
· After the mucosal cell absorbs nutrients from the GI tract, what happens?
· They are exported to the rest of the body via one of two circulatory systems:
· Blood circulation
· Lymphatic system
 

Transport

· The Blood Circulation
· Find (some figure) in the text and learn it!  The figure has to do with the vascular system…
· Describe and explain Figure 3.9, pg. 62.
· What are some highlights?
· Arterial blood from the heart flows to the liver in the hepatic artery.
· The arterial supply to the GI tract ends in a capillary bed (detail in Fig. 3-1).
· The venous side of the SI capillaries is the portal vein which flows directly to the liver and its capillary bed.
· Blood exits the liver in the hepatic vein and enters the general circulation in the large veins leading back to the heart.
· Nutrients absorbed from the SI flow first to the liver. The liver is the major metabolic organ of the body and has many roles to play in readying the nutrients so the body can use them.
· This is the first pass of the nutrients through the liver. Nutrients not picked up on the first pass flow into the liver again and again as the blood circulates.
· The liver handles the nutrients like CHO, PRO, and fats but also clears poisons, drugs, alcohol, contaminants, etc. that may have got through the first line of defence, the epithelial cells. This detoxification is quite important in protecting other, downstream organs like the brain and heart.
· The Lymph Circulation
· Again you should have an understanding of this from a textbook diagram.  Explain.
· Again, list highlights from Figure 3.9, pg. 62.
· The direction of the circulation is one way. Valves ensure the unidirectional flow.
· The system starts in the lacteals of the villi and the passages grow larger forming larger nodes. 
· The major vessel, leading towards the heart, is the thoracic duct.
· The thoracic duct joins the general blood circulation at the left subclavian vein, near the neck. This vein enters the right chamber of the heart, returning the fluid to the vascular system.
· Lymph flow is provided by the contraction of skeletal muscles. The system is sponge like: squeezing at one end pushes the fluid out the other.
· Lymph transports much of the dietary lipids that have been absorbed. These fats are reformed in the mucosal cells into TG and, being water-insoluble, are packaged for transport in a lipoprotein called a chylomicron.
· The chylomicrons enter the lacteal and are squished along by pressure differentials through the lymph vessels toward the heart. Finally they enter the blood circulation but have by-passed the liver. Fat and other tissue may pick up some of the transported fat as well as the liver.
· The plasma of centrifuged blood, taken after a fat-containing meal, looks milky since the chylomicrons scatter light.
· Fat-soluble vitamins and dietary cholesterol are transported in the chylomicrons in the lymph circulation.
· Elimination
· What are the 2 kinds of elimination?
· Defecation and urination
· Talk about stool/feces.
· Stools collect in the rectum until neural reflexes cause the anal sphincter to relax allowing evacuation. 
· The composition of the fecal material is water, cellulose and indigestible fibre, bacteria, inorganic material, some fat, and cell debris.
· Explain Figure 3.10, pg. 64
· Find diagram of kidneys in the textbook and explain/understand it!
· Talk about nephrons.
· They are the operating unit of the kidney
· Each kidney has over one million nephrons
· What are the functions of the kidney?
· Excretion
· Conservation/control of the body levels of many nutrients.
· What are some highlights about elimination/nephron/kidneys?
· Blood enters the unit in small vessels and flows through a capillary network.
· This network, the glomerulus, is contained in Bowman's capsule (shaded).
· The anatomy and pressures are such that glucose, nitrogen-containing urea, water,sodium, potassium and chloride are filtered out of the blood into the nephron tubule.
· As the fluid flows along the tubule, selective reabsorption of nutrients into the blood occurs.
· Glucose and water are reabsorbed early, while sodium, potassium, and chloride re-enter the body later in the tubule.
· The water and waste remaining, urine, are lead in collection ducts to the bladder for storage and eventually, elimination.
· The degree of reabsorption depends on several factors including the circulating blood levels. If these are too high, the kidney excretes the excess. If the blood level is low, the kidney reabsorbs more to control proper levels. Hormonal control of the processes is very important.
· About 1 L per day of urine is produced but this is highly dependent upon conditions.
 

Summary

· Talk about water-soluble nutrients.
· Water-soluble nutrients include water, starches, sugars, proteins minerals, and the water-soluble
vitamins.

· Water needs no digestion, is readily absorbed, and enters the portal circulation.
· Starches are digested to glucose, absorbed by the mucosal cells, and enter the portal circulation to the liver.
· Sugars are split into monosaccharides, absorbed and transported to the liver in the portal circulation.
· Proteins are digested into their component amino acids, which enter the portal circulation.
· Minerals and water-soluble vitamins require little digestion and are transported in the portal circulation.
· http://www.ahs.uwaterloo.ca/~kh346/html/wsn.html
· Talk about fat-soluble nutrients.
· Fat-soluble nutrients are more complex since the body, mostly a water space, must find ways to handle these. They include fats, primarily TG, and the fat-soluble vitamins.
· Digestion of fats (TG) produces water-soluble and fat-soluble products.
· Small FA, termed short- and medium-chained, referring to the number of carbon atoms in the FA (#10 carbons), and a TG constituent, glycerol, are water-soluble, are readily absorbed and enter the portal circulation.
· Long-chained FA and MG are absorbed into the epithelial cell. There TG are reassembled and incorporated into chylomicrons. 
· Chylomicrons are transported in the lymph to the general blood circulation, initially by-passing the liver.
· Fat-soluble vitamins follow the same route being carried in the chylomicrons.
· http://www.ahs.uwaterloo.ca/~kh346/html/fsn.html
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:. Topic 3 .:

 

- the material in the stomach goes a LITTLE at a time into the small intestine (titrated?)

- pancreas underneath the stomach and liver/gallbladder have ducts into the duodenum

- circular muscles are on the inside...longitudinal are on the outside

- the sphincters are just rings of SMOOTH muscle

- the stomach goes from 50 mL to 1 L (since it is distensable)

- there are folds in the stomach to help it to stretch and contract

- food is stored in the top area of the stomach

- in the bottom area it is mixed and churned

- peristalsis is rhythmic contractions of the muscles...the longitudinal ones relax and the circular ones contract so it is like "squeezing"

- pancreas releases insulin, glucagon, etc. but also pancreatic enzymes (thus both endo and exocrine organ)

- bile and pancreatic duct join at a common duct to go into the small intestine

- there are no folds in the walls of the colon like there are in the small intestine

...also no villi...so the colon is SMOOTH

- goblet cells on villi secrete mucus to protect it

- Crohn's disease causes us to lose our absorptive surface

 

- saliva is NEUTRAL

- action of salivary amylase stopped once it hits the stomach

 

- parietal cells release HCl in the stomach

- other cells (chief cells) release pepsin (a protease) -- a PARTIAL HYDROLYSIS happens here of protein

- there is also a bit of triglyceride hydrolysis in the stomach

- the food becomes CHYME in the stomach...it is acidic

 

- intestinal juice is NEUTRAL and contains lipases

 

- pancreatic juice has bicarbonate and this neutralizes the chyme

- peptidases work on the smaller groups of aa's (like 10 long) whereas proteases work on the much larger proteins

 

- bile salt/bile acid emulsifies the fat and makes it into the small droplet micelles

- so with bile salts...they have a hydrophilic end and a hydrophobic end. the hydrophobic end dissolves in the fat and the hydrophilic end forms a coat around it so that we now have a micelle that is suspendable in water

 

- usually the fat has to be emulsified in order for the lipases to work on them!

 

- cholera can be seen by diarrhea b/c it means that the water is not being re-absorbed

 

- hormonal control of digestion

(hormone -> origin -> stimulus -> target -> response)

gastrin -> stomach wall -> food in stomach, nerve signals -> stomach cells -> stimulation of gastric acid (HCl) and pepsin release ... shut off when we have reached a certain level of acidity

 

secretin -> duodenum, jejunem -> acid chyme in small intestine, protein digestion products -> pancreas / stomach -> secretion of bicarbonate-containing pancreatic juice / reduction of gastric acid secretion and motility (i.e. churning action)

 

cholecystokinin -> duodenum, jejunem -> food, fat and protein in particular, in the duodenum -> gallbladder / pancreas -> gallbladder contraction, release of bile to duodenum / augmentation of the secretin's action on the pancreas

 

GIP -> duodenum, jejunem -> glucose and fat in the stomach -> stomach -> inhibition of gastric secretion and motility (i.e. churning action)

 

 

 

 

 

bile duct and pancreatic duct meet at the common duct which empties into the duodenum

 

fat soluble vitamins longer than water soluble vitamins

 

there are TWO special receptors in the ileum:

- for bile salts...which btw goes back to the liver which is our enterohepatic circ.

 

enterohepatic circulation:

in the liver, bile made from cholesterol -> stored in gallbladder -> released to the small intestine to emulsify fat -> some bile is trapped by dietary fiber and lost in feces but MOST is reabsorbed back into the blood

 

FOLATE and ZINC also have enterohepatic circulation

 

if you have a high fiber diet, you lose MORE bile...meanign that we need to use more cholesterol to make bile to replace that...so some think that fiber can reduce high cholesterol

 

vitamin b12 -- deficiency causes pernicious anemia (myelin sheath that lines nerves in brain cannot be made)

- the bacteria in the gut loves b12...so unless we protect it it's going to be all gone.  the way to fix this is by attaching a protein to it...a GLYCOPROTEIN called intrinsic factor can do this for us

- b12 + intrinsic factor makes a complex then is absorbed at the end of the ileum

 

capillary vs. lacteal

- triglycerides + cholesterol + protein gets packaged into CHYLOMICRON in the epithelial cell

- but the chylomicron goes into the lymph rather than the blood

- this is b/c the lymph cells have great big gaps in them and are surrounded by connective tissue - this allows the chylomicron to get into the lymph

- on the other hand the capillary is surrounded by smooth muscle and there is not much room b/t cells and so the chylomicron cannot get in

- so the lymph is like a capturing system

- the lymph also picks up bacteria...and the immune system at the lymph nodes starts to destroy it

 

- larger peptides do not get broken down in newborns and so they get phagocytosed WHOLE into the blood stream...this is how we get our immune system

 

- if stuff doesn't get handled by the liver on the first pass (i.e. digestive system -> portal vein -> liver), then it will continue on out of the liver through the hepaitc vein, then the heart, then the hepatic artery, then it's back so good times

 

- the lymph doesn't have the heart pumping to keep it moving along but instead the motions of the skeletal muscle causes it to go (pressure differentials, etc.)

 

- the "amino acid pool" refers to all the dissolved amino acids in our body

 

- when we think about fat-soluble nutrients...they are either fats or fat-soluble vitamins.  for fats we are only referring to glycerol constituent of triglycerides as well as short/medium chain fatty acids...but they have to be on ALBUMIN carriers

 

- the scfa and mcfa become triglycerides again once they get back to the liver (in fact they are even lengthened)

 

- the LCFA are reassmebled into triglycerides in the mucosal cells so that they don't diffuse back into the intestine

 

- the chylomicrons' contents either get picked up by tissues or to the liver

 

- the liver takes all these triglycerides and packages it as a vldl for transport to the tissues
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Topic 4: The Carbohydrates - Sugars, Starch, and Fibers

 

Introduction

· What introductory comments can we make about carbohydrates?
· Carbohydrates (CHO), CnH2nOn, are "hydrates of carbon." 
· Each CHO, independent of specific identity, provides 4 kcal of energy per gram to the body when absorbed. 
· The complex CHO are polymers chemically, assembled from units known as monomers. 
· These monomers are building blocks, the simple six carbon-containing sugars, C6H12O6.
· Various structural differences occur giving a wide variety of chemical compounds generally termed sugars, starches, and fibres. 
· CHO are synthesized by plants - vegetables, fruits, and cereal grains. 
· Canada's Food Guide encourages a CHO shift in eating so that 45 - 65% of the energy comes from CHO (AMDR).
· Reproduce and explain Figure 4.1, pg. 66
· See pg. 66, course notes to be sure you're not missing any commentary
· What comments can we make which are not obvious from Figure 4.1?
· A variety of ways of chemically joining the monomers together exist - different types of units and linkages. Different structures result and plants use the resulting CHO in different roles.
· Some CHO are the energy storage form for plants, the reserve CHO.
· Other shaped CHO are used for structure in the stems, woody parts, and cell walls of plants and trees.
· The GI tract contains digestive enzymes from two sources, human and bacterial.
· CHO digestible by human enzymes is termed "available." 
· Bacterial enzymes can and do digest some dietary fibre (in the colon).
 

Chemical Classification

· The Simple Sugars
· Monosaccharides
· What monosaccharides are the building blocks of all CHO's?  Where do we find them?
· Three monosaccarides are the building blocks of CHO: glucose, fructose, and galactose.
· The first two are found free in foods and in our diet
· Galactose is part of the disaccharide, lactose.
· Now talk about chemical structure.
· Each is a hexose - a 6 carbon (hex) CHO (ose) with a number of hydroxyl or alcohol groups (OH) attached to the carbon atoms. 
· It is the hydroxyl groups that allow simple sugars to be soluble in water.
· A property of the alcohol group allows the hexoses to form into rings, their normal state: glucose and galactose are found as six-membered rings while fructose forms a five-membered ring. 
· How do we differentiate between the different kinds of monosaccharides?
· The specific way that the hydroxyls attach to the carbon atoms determines the hexose's identity
· Glucose and galactose look nearly identical except for the arrangement around one carbon atom. 
· Where in nature (or whatever) do we find the different disaccharides?
· Glucose
· Glucose (dextrose, blood sugar) is found naturally in fruits, vegetables and honey.
· It is one part of each disaccharide and the main component of many polysaccharides. 
· Glucose is not very sweet to taste. 
· In our body it is the form by which CHO are transported between the tissues in the blood: blood glucose levels are controlled normally within a range.
· Fructose
· Fructose (levulose, fruit sugar) is found in fruits and honey. 
· Fructose is very sweet. 
· A product, high-fructose corn syrup, HFCS, is added to some food products as a sweetener while lowering the energy content.
· Galactose
· Galactose is not free in nature but is part of the disaccharide lactose and a component of some dietary fibres.
· How about other sugars?
· There are other sugars, pentoses with 5 carbons, in our diet but they are of minor importance. 
· Ribose, a pentose, is part of the vitamin, riboflavin, and of ribonucleic acid (RNA) in the genetic material of our body.
· Disaccharides
· How are these suckers formed?
· Disaccharides are formed by a condensation reaction of two monosaccharides
· Discuss condensation reactions a little bit.
· A condensation reaction involves the removal of the components of water (H, OH) from two compounds, forming a new chemical bond which joins the units into a new compound. 
· Water is formed in the reaction. 
· The reverse reaction is a hydrolysis reaction, the splitting of a bond by water to form two new chemicals with the addition of an H to one and an OH to the other.
· This is seen in digestion. 
· Multiple condensations are how a polysaccharide is assembled. 
· The joining bond can be formed in two different orientations. 
· This fact leads to different roles and properties for the polysaccharides.
· What are the important disaccharides?  How many important ones are there anyway?
· Three: sucrose, lactose, and maltose
· Talk about sucrose.
· Sucrose (table sugar, sugar) is made by condensing a glucose with a fructose monomer. 
· It is refined from sugar cane or sugar beets. 
· Sucrose is found in other fruits and some vegetables and grains. 
· Sugar is found in several textures and colours: the refining process is either partially complete or molasses added to white sugar to make the brown variety.
· How about lactose?
· Lactose (milk sugar) is a glucose joined to a galactose. 
· It is the major CHO in milk and the only important CHO source form animals in our diet. 
· A cup of milk contains over 8 g of lactose.
· And finally maltose.
· Maltose is formed when two glucose units are condensed. 
· It is of minor importance in foods, being made in germinating seeds of cereal grains. 
· In humans maltose is formed during the digestion of the CHO, starch.
· The Complex Carbohydrates
· Polysaccharides
· OK quickly, what are polysaccharides?
· All polysaccharides are made by the condensation of sugar units, mostly glucose.
· Explain why branching is important here.
· The nature of it leads to different compounds with different properties and uses, both in nature and in us. 
· One glucose stuck onto another, stuck onto another, stuck onto ... is a "straight chain", no branching, even though the chain is not straight and indeed folds, flops, twists, etc. 
· On the other hand, when two straight chains are joined a branch is formed.
· What are the 3 major polysaccharides we are going to discuss?
· Starch, dextrins, and glycogen
· What's up with starch?
· Starch is a polymer of glucose. 
· The molecules are large with 2,000 to 26,000 glucose units. 
· All joining bonds have one orientation which human digestive enzymes can split by an hydrolysis reaction (digestion). 
· What are the 2 subtypes?  Discuss each.
· Amylose: is starch with only straight chains. 
· Amylopectin: is starch that is branched with long chains joined to other long chains. 
· Now talk specifically about how branching is important with starch.
· Starch chains clump together in granules characteristic to the plants that store their energy as starch. 
· The branching holds and interacts with water molecules to form gels, hence the use of some starches as thickening agents in cooking and food production.
· OK what's up with dextrins?
· Dextrins are smaller, shorter chain polysaccharides of glucose and are formed in digestion as maltose units are hydrolysed from the larger starch molecules.
· And glycogen?
· Glycogen is a polysaccharide of glucose found in living animals, mainly in muscle and liver. 
· It is highly branched (think amylopectin x infinity). 
· Glycogen is the animal storage form of CHO energy. 
· This branching allows rapid hydrolysis and the release of energy.
· Dietary fiber
· OK very quick intro.  What are they and how are they different than the polysaccharides we have discussed?
· Dietary fibres, (most at least), are complex CHO, polymers of glucose and other monosaccharides. 
· The bonds formed in the condensation reactions that make them, however, is in an orientation that makes them unavailable to human digestive enzymes for hydrolysis. 
· This bond arrangement also leads to different uses by the plant: many fibres are the structural part of the plants, the stem and woody parts. 
· Talk about solubility with respect to dietary fiber.
· The chemistry and physiologic behaviour of the fibres is so complex a single definition of dietary fibre is next to impossible, HOWEVER characterizing various fibres by solubility does help us to understand some of their roles in the body and their health effects. 
· Soluble fibres dissolve or swell in water forming gels which is one property of the OH groups and the chemical structure. 
· Insoluble fibres do not dissolve in water and remain in a matrix that traps other things like water and stops surrounding substances from coming into contact with enclosed material. 
· The terms viscous to describe soluble fibre and nonviscous for insoluble fibre are becoming widely used.
· Viscous fibres are more fermentable by bacteria in the colon while nonviscous fibre are less fermentable.
· What are the 3 types of non-viscous fibers?  Discuss each.
· Cellulose is a straight chain polysaccharide of glucose. 
· It is a major constituent of plant cell walls.
· Hemicelluloses are a group of fibres with a very complex, branched composition.
· They are found mainly in cereal grains. 
· Some are water-soluble while others are insoluble.
· Lignins are NOT carbohydrate fibres and are found in the woody parts of vegetables and fruit seeds.
· What general comments can we make about non-viscous fibers?
· Cellulose and lignins resist digestion by both human and bacterial enzymes in our colon
· Together they are termed crude fibre, an outdated term for what is left after plant material is treated with strong acid and alkali.
· Now discuss the viscous fibers.
· Pectins are CHO backbones with various side chains. 
· They are found in plant cell walls.
· Gums and mucilages are various CHO and derivatives. 
· Along with pectins they give plants structure by sticking cells together.
· What general comments can we make about viscous fibers?
· Their gel-forming capacity is used in the food industry to give thickness, texture and stability to products. 
· Bacteria in the large intestine do ferment these CHO to some extent.
· What in the world are anti-nutrients?  And how do they relate to this discussion?
· A component of seeds and grain husks found in association with dietary fibre is phytic acid or phytate. 
· It and some other nonnutrients in foods like tannins and oxalates are called antinutrients. 
· These compounds can bind minerals in complexes so that the minerals are not absorbed from our GI tract.
 

Digestion and Absorption of Dietary Carbohydrate

· Events Occurring up to the Small Intestine
· Reproduce and explain Figure 4.2, pg. 71.
· See pg. 72, course notes to be sure you're not missing any commentary
· Talk about lactose intolerance.
· Significant numbers of people around the world are lactose intolerant: they are lactase deficient. 
· Most newborns have sufficient lactase as long as they are nursing but lose lactase activity after weaning. 
· Populations with Asian, African, Mediterranean, and native American ancestry show a high incidence rate. 
· It appears that where fresh milk products are not a significant part of the adult diet, gene expression for lactase declines.
· In folks of European decent, an adaptation has occurred to allow milk with its many nutrients to be used where dairy farming is important: the ability to make lactase is retained as an adult.
· With lower lactase activity, lactose remains intact and passes to the large intestine. There colonic bacteria metabolize the lactose to acids and gas. 
· Bloating and cramps result in various levels of discomfort. 
· Also, unhydrolyzed lactose attracts water: this is called an osmotic effect. 
· Watery stools and diarrhea result.
· Many can avoid these symptoms by taking smaller servings, more frequently. 
· Also cheese and yogurt have reduced lactose content. 
· The bacterial fermentation in making these products destroys the lactose. 
· Servings of these foods however do have higher energy content than milk. 
· Low lactose milk can be purchased or made at home from a commercial enzyme product. 
· Milk supplies many nutrients, especially calcium and riboflavin, so easily compared to a dairy free diet it is worth experimenting if you have tested positive for some level of lactose intolerance.
· Events in the Large Intestine
· Reproduce and explain Figure 4.3, pg. 73.
· See pg. 74, course notes to be sure you're not missing any commentary
· What is the premise for digestion events in the large intestine?
· It is the fact that (AS YOU SHOULD KNOW) dietary fiber, certain complex CHO, and lignin are UNAVAILABLE to human enzymes meaning that they will reach the large intestine without being digested
· What is resistant starch and how does it relate to dietary fiber?
· It turns out that cooked and cooled starch, termed retrograded starch, some types of starch granules and starch physically inaccessible in a fibre matrix is resistant to digestion in the small intestine (SI)…and this is termed resistant starch. 
· The key here is that the modified or protected granule structure is such that digestive enzymes can not get to it for hydrolysis. 
· Resistant starch enters the large intestine and may act in a similar way to dietary fibre.
· Absorption of Carbohydrates
· OK let's talk about the last stages of carbs and digestion.  What happens?
· Well firstly, our end products are glucose, fructose, and galactose.
· The final cleavage steps occur in the microvilli and this helps the absorption process.
· Glucose and galactose are absorbed rapidly across the intestinal cells by active transport, using the same carrier. 
· Sodium ions actually help glucose absorption as glucose and sodium are transported together.
· Fructose is absorbed more slowly by facilitated diffusion using a different carrier.
· Being water-soluble the hexoses enter the capillaries of the villi and join the portal circulation to the liver.
 

Metabolism of Carbohydrates

· Overview
· Reproduce and explain Figure 4.4, pg. 75.
· See pg. 75, course notes to be sure you're not missing any commentary
· Explain the relationship between glucagon, epinephrine, and insulin.  How does this relate to anabolism and catabolism.
· Glucagon and epinephrine are said to be counter regulatory to insulin. That means they act on different sides of cycles. 
· Anabolism refers to a time of body rebuilding, a time of repair, energy acquisition during rest: insulin is important then. 
· Catabolism is the opposite, a time of activity, of energy expenditure, of body breakdown: glucagon and epinephrine dominate in this period.
· Talk about the distribution between pathways and how this is affected by timing and outside events.
· While these sugars appear to have multiple fates, remember not all pathways are equal in activity and a pathway's activity is controlled by hormones among other things. 
· It is inefficient to convert CHO to lipid in humans, for example. 
· Glycogen storage dominates when blood glucose levels are high after a meal 
· Glycogen breakdown occurs in fasting to try to maintain blood glucose levels.
· When blood glucose levels are low, glucagon, (and epinephrine in stressful situations) favour the breakdown of liver glycogen to liver glucose which is then released into the blood, assisted by glucagon.
· Glucose in the general circulation contacts every cell in the body. Specific cell types handle glucose in different ways.
· What are the different ways in which glucose can be used?
· The central nervous system, CNS, uses glucose for energy. So do the red blood cells and some other cells.
· Muscle picks up blood glucose when it is high under the action of insulin. 
· There the muscle can either store glucose's energy as glycogen or oxidize the glucose for energy directly: the energy demands on the muscle at the time determines which event occurs.
· Fat cells can, under the influence of insulin, take up blood glucose which can be then converted to triglyceride (TG).
· Blood glucose, also, can be taken up by the liver and converted to TG. 
· Newly synthesized fat is called endogenous, made by the body, whereas dietary sources are exogenous, coming from outside the body.
· Both endogenous and exogenous fat is packaged by the liver in a transport vehicle called a very low density lipoprotein, VLDL. 
· This is necessary since fats are not soluble in the blood.
· TG are carried from the liver in the VLDL to the fat cells (adipocytes) for TG storage.
· Important metabolic pathways in liver, adipocytes, and muscle
· Name and describe the 5 major metabolic pathways in liver, adipocytes, and muscle.
· GLYCOGENESIS (LIVER, MUSCLE): the formation of glycogen from glucose, favoured by insulin.
· GLYCOGENOLYSIS (LIVER, MUSCLE): the breakdown of glycogen to form glucose. This is favoured by glucagon and epinephrine.
· GLUCONEOGENESIS (LIVER): the formation of endogenous glucose from non-CHO precursors such as lactate, pyruvate, glycerol (part of a TG) and the carbon parts of some amino acids (from protein). 
· This process is important in fasting and starvation, during very prolonged and low CHO diets. 
· LIPOGENESIS (ADIPOCYTES, LIVER, MUSCLE): the formation of endogenous TG from excess CHO and the carbon parts of some amino acids. 
· A glucose derivative is used to make a glycerol backbone in the TG. 
· In humans, the conversion of CHO to TG is not efficient.
· LIPOLYSIS (ADIPOCYTES, LIVER, MUSCLE): the breakdown of TG to form fatty acids (FA) and glycerol. 
· The FA are transported in the blood bound to a protein carrier, albumin.  Since they are not linked (esterified) in TG, they are called free fatty acids (FFA) or nonesterified FA. 
· The type of chemical bond which joins a FA to glycerol in a TG is an ester bond: a TG has three ester bonds joining three FA.
· Role of the liver in CHO metabolism
· What functions does the liver perform with respect to glucose?
· The liver converts the other hexoses to glucose.
· It stores the energy in glucose as glycogen.
· It converts glycogen to glucose and releases glucose into the blood to maintain constant levels of blood glucose. This occurs when blood glucose is tending to fall.
· OK let's talk numbers for the liver and glycogen.  What's up?
· Firstly consider storage ability: the liver's ability to store glycogen is limited: normally 60 - 70 g of glycogen is stored in 1 kg liver tissue. 
· A human liver may weigh 1.6 kg so that about 100 - 110 g of glycogen is stored in a (large) human liver.
· Now, concentration: the liver store is actually highly concentrated. 
· Skeletal muscle glycogen content is only 20 g per kg tissue. 
· A human might have 25 kg of muscle so is able to store 500 - 600 g CHO as glycogen
· This CHO, once in the muscle, stays in that tissue so can not be used to maintain blood glucose levels. 
· Endurance athletes often go through a diet/exercise pattern that optimizes high muscle glycogen before an important event. 
· So how do we stack up with what we need?  
· Minimal demands exceed the ability of the liver to store glycogen and to produce glucose by gluconeogenesis (about 130 g per day, without dietary CHO). 
· This means liver glycogen stores must be replaced every 24 hours.
· Obligatory glucose users and diet
· OK let's break it down.  What are the different parts of our body which require glucose?
· The adult brain requires about 140 g glucose per day for fuel, in normal circumstances.
· The red blood cells require about 40 g per day.
· The retina of the eye and some kidney cells also must use a small amount of glucose for fuel.
· THEREFORE…a minimum requirement for CHO in the adult is 180 g per day
· So how do we figure out whether we're getting enough?
· See Calculations, pg. 78 for calculations :)
· Regulation of blood glucose concentration
· Explain what a "post-absorptive" state is.
· If you have had nothing to eat for about 12 hours, you are in a post-absorptive state in which digestion has been completed and all nutrients handled appropriately.
· Reproduce and explain Figure 4.5, pg. 79.
· See pg. 79, course notes to be sure you're not missing any commentary
· Talk about diabetes mellitus (general).
· The incidence of diabetes mellitus is a health concern in North American society. 
· The blood glucose response of an uncontrolled diabetic is charted (dashed line) in Fig. 5-4. 
· In the post-absorptive state and at all points after the oral glucose, blood levels are higher than those in normals, remaining in the hyperglycemic range. 
· Expound on the different types of diabetes mellitus.
· Type 1 Diabetes 
· The pancreas in some can not produce insulin so the tissues that require insulin to take up glucose cannot. 
· The person is insulin deficient. 
· It occurs often in children so is termed juvenile-onset diabetes and also, insulin-dependent diabetes mellitus, IDDM. 
· Insulin by injection helps the person control the blood glucose levels.
· Type 2 Diabetes
· This is a more prevalent, indeed the predominant form
· This is also called adult-onset or non-insulin dependent diabetes, NIDDM. 
· Here the fat and muscle cells resist insulin's action.
· Insulin insensitivity is characteristic of this condition. 
· Hyperinsulinemia can be seen initially: after a time the pancreas may fail to produce insulin. 
· Let's talk numbers.  What happens when the glucose is at different levels?
· When blood glucose levels exceed about 9 mM (160 mg %), glucose appears in the urine, termed gylcosuria or glucosuria.
· At hypoglycemic levels of about 3 mM (55 mg %), epinephrine is released from the adrenal glands to assist liver glycogenolysis to restore blood glucose.
· A fall of glucose below approximately 2.5 mM (40 mg %) is dangerous: symptoms of dizziness, fatigue, headache, light-headedness, weakness, sweating, ... might be reported. 
· Very low levels cause convulsions as the brain lacks fuel.
· Talk about the different ways we can become hypoglycemic.
· Organic hypoglycemia
· Medical problems like a pancreatic tumour can cause hypoglycemia as a symptom. 
· Reactive hypoglycemia
· Blood glucose levels quickly fall to low levels as a response to eating certain foods
· There may or may not be associated symptoms: glucose tolerance tests must be done to determine if hypoglycemia exists.
· How does exercise affect diabetes?
· Exercise stimulates muscle to take up glucose without the help of insulin. 
· Physical activity allows diabetics to reduce insulin and appears to improve the cell's sensitivity to insulin. 
· Since obesity, NIDDM, hypertension and coronary heart disease are correlated, regular physical activity has a positive role in health.
 

Fasting: Interrelationship of Energy-Yielding Nutrients

· Let's review: why are CHO called "protein sparers"?  How does this relate back to diabetes?
· It's because certain cells and tissues must have CHO for fuel and that the brain has the largest daily demand.
· Now, neither dietary nor stored fat can be converted to CHO in humans. Therefore the liver will use the carbon parts of amino acids/PRO as gluconeogenic precursors to make CHO for fuel when exogenous CHO is low: fasting, starvation and low-CHO diets do that. - 
· Therefore, when we have enough dietary CHO, then it allows dietary PRO to be used for structure, function and regulation, its primary roles.
· Uncontrolled diabetics, even with hyperglycemic levels of blood glucose, have cells that are starving for CHO. Their body responds in a similar fashion to those fasting, starving or consuming a low-CHO diet.
· Reproduce and explain Figure 4.6, pg. 81.  What scenario is this figure showing?
· See pg. 81, course notes to be sure you're not missing any commentary
· It is showing us the body's response to a temporary low CHO level between meals - i.e. SHORT TERM FASTING
· Reproduce and explain Figure 4.7, pg. 82.  What are some highlights here?
· Glucose production by the liver during a prolonged fast, famine, low-CHO diet, etc is hard on the lean body mass. 
· Therefore in two to ten days, fat metabolism is altered and the brain adapts to a new fuel source. This LATE PHASE of fasting is shown in Fig. 4-7. 
· Some normal fat metabolism is in a way "short circuited" and bits of fat molecules (two carbon
units) are condensed to make three compounds known as ketone bodies (KB). 

· The brain adapts to use these as an alternate energy source reducing its glucose demands. 
· Body protein is still used to supply precursors for gluconeogenesis. 
· Preservation of brain function by energy supply is foremost, but this comes at a cost - other body tissues are sacrificed to achieve this goal. 
· How is metabolic rate affected?
· Lean body mass is where metabolism happens: thus the body's metabolic rate falls because we want to survive as long as possible in a low-energy situation. 
· Of course, this reduces energy demands so it is a good as a strategy to survive a famine. 
· People trying to lose weight, however, find it frustrating that the body resists their efforts.
· Talk about ketone bodies and the blood.
· KB appear in the blood in high concentrations. 
· One compound is volatile and can be smelled: the "acetone breath" of ketosis as this state is called. 
· KB are generally acids so they stress the blood's acid-base balance, creating an acidosis. 
· The kidney removes these products and places stress on water balance. 
· Indeed KB appear in the urine: this is a test of the ketotic state.
 

Physiologic and Health Effects of CHO

· Sugars and Starches
· Reproduce and explain Figure 4.8, pg. 83.
· What are the reasons for the differences in the curves?
· The differences are caused in rates of digestion and absorption. 
· In digestion the enzymes catalysing the hydrolysis must physically contact the CHO.
· Thus the state of the starch granules, food particle size, the type of fibre among other things modify the speed of digestion. 
· The type of absorption (active transport vs facilitated diffusion), competition for carriers, and other local factors influence the rate of absorption.
· Explain what the glycemic index is.
· This is something that allows us to compare the physiological behavior of different foods
· There is an area under each "glucose tolerance" curve in Fig. 4-8. 
· The area of test food's CHO is compared as a percentage to that of the same amount of glucose as in the formula: 
· An index of 100 means the food responds exactly like glucose. The lower the index, the less the rise in blood glucose after eating that food. 
· It was hoped to use the glycemic index in planning meals for diabetics.
· OK so what factors play into a food's glycemic response?
· Food-specific factors
· Dietary fibre content, fibre type (gelforming or trapping), food form, resistant starch content, digestibility, cooking, and the presence of antinutrients
· Person-specific factors
· Prior eating pattern, eating speed, and the individual's glucose tolerance
· Let's review, what are anti-nutrients?
· Antinutrients are compounds in foods which bind or complex with certain nutrients, often minerals, so that the digestion and absorption of the nutrient is interfered with and its bioavailability is reduced. 
· For example:
· tannins in teas
· phytates in grain husks, seeds, and legumes
· oxalates in some fruits and vegetables
· OK let's get to the title of this section.  What ARE the physiological effects of sugar?
· Sugars have been implicated as the cause of many problems: heart disease, diabetes, hyperactivity and shortened attention spans, criminal bevaviour, obesity, to name a few.
· These claims fail to stand up to scientific inquiry, however. 
· It is true that sugars have low nutrient density so high consumption squeezes nutrients out of the diet. 
· They also are an important factor in the development of dental caries. 
· Complex CHO, as emphasized in Canada's Food Guide do add vitamins and minerals to our diet. 
· High CHO diets displace fats so these diets tend to be lower in energy too.
· Recent research has shown that very high CHO diets are associated with higher brain levels of the neurotransmitter serotonin. 
· In excess this compound can produce a CHO craving and makes a person sleepy and sluggish. 
· Experiments involving laboratory animals are showing that certain diet constituents can effect brain chemistry and behaviour.
· Dietary Fiber
· Reproduce Table 4.2 and Figure 4.9, pg. 86.
· What does fiber do in the different parts of the GI tract?
· Mouth
· Fibre stimulates the production of saliva by its bulk, lubricating the food bolus for swallowing.
· Stomach
· Fibre dilutes the stomach's contents, giving a feeling of fullness, and displaces energy-dense fat from the diet, both effects helping weight control.
· It also delays gastric emptying. This is due to gel-forming by pectins and gums: the greater stomach volume and viscosity takes longer to empty.
· It may be acid-treated by the stomach acid.
· Small intestine
· Fibre again dilutes the contents slowing digestion of some nutrients
· It also delays absorption of dietary fat, cholesterol and glucose (soluble fibres)
· Also binds bile salts (soluble fibres) and minerals and traps water (insoluble fibres).
· Large intestine
· Fibre dilutes the contents and traps water, increasing stool volume (insoluble/soluble)
· Undergoes bacterial fermentation (soluble)
· Increases microbial mass, thereby adding bulk to the stools (insoluble).
· What is the effect of diluting and delaying soluble fibers?
· It is to temper the rise in blood levels of nutrients such as cholesterol, glucose and fats. 
· Insoluble fibres slow starch digestion, thus delaying glucose absorption. 
· The dilution of intestinal contents of things like cholesterol lowers its absorption rate and increases the loss of cholesterol to excretion. 
· This is one mechanism by which fibre decreases the glycemic index of food CHO. 
· How about the effect of fiber on bile salts?
· Fibre (soluble) also has, as part of its function, the trapping and binding of bile salts from the liver conversion of blood cholesterol and their removal. 
· Therefore the normal enterohepatic circulation of bile and bile salts is upset, tipped in favour of increased loss.
· Talk about the health consequences of what happens with fiber in the large intestine.
· Insoluble fibre greatly decreases the time it takes for material to move through the colon, the transit time. 
· If carcinogenic substances are present there is less chance to contact colon cell surfaces and less time to convert chemicals to carcinogenic substances. 
· Lower rates of bowel cancer are seen in people with high fibre amounts in their diet.
· Water-holding by insoluble fibres softens the stools, making elimination easier, lessening constipation. 
· Straining at stool over a period of time is connected with development of hemorrhoids and varicose veins. 
· Straining raises blood pressure and has triggered strokes in hypertensive persons. 
· Interluminal pressure increases with straining. 
· Hard feces contact the colonic cells. The lining of the colon is forced outwards through weaknesses in the smooth muscle lining of the large intestine. 
· Outpockets called diverticula form, get inflammed as fecal material clogs up the pocket leading to the discomfort of diverticulitis. 
· Diverticulosis is having the condition and there may be no symptoms.
· Lastly, the bacterial fermentation of soluble fibres is important. See Fig. 4-3. 
· The acidity (pH) produced may assist the growth of a beneficial bacteria colony in the large intestine.
· Products from the fermentation are SCFA. 
· The 2-carbon SCFA is a source of energy for the colon cells. 
· The 3-carbon SCFA is carried to the liver in the blood where it appears to block cholesterol synthesis, reducing blood levels. 
· The 4-carbon SCFA seems to be a growth factor controlling colon cell growth, reducing cancer incidence.
 

Summary and Comments

· What trends do we see in CHO consumption these days?
· North American society has eaten over 45 kg of simple sugars per person per year for the last part of this century. Currently in the United States, that figure is 56 kg. 
· Refined sugar use has fallen but increased use of honey, syrups and corn sweeteners have kept the figures on a plateau. 
· The control over sugar use has shifted from you to the food producers who add sugar to beverages (28% of total consumption) and processed foods (43% of the total). 
· Sugar in processed foods now contributes 12% of our energy intake. 
· Whether or not this is a problem depends on the total diet.
· What must we worry about with regards to having too MUCH fiber?
· Its non-caloric bulk may supplant needed energy in children's diets. 
· High fibre diets often lead to GI tract discomfort. 
· While gas is most often the culprit, in fact fibre balls in the gut have caused blockage. - 
· Fibre does bind trace minerals: iron, calcium, copper, magnesium and zinc in particular are of concern.
· With shorter transit times, high fibre could lower nutrient absorption. This may be a worry in marginal diets.
 

· Figures from the textbook to learn?
· Figures from website (handout/overhead) to learn?
 

[DE Addendums]

 

:. Topic 4 .:

http://www.ahs.uwaterloo.ca/~kh346/html/resp.html
think photosynthesis...

plants take carbon dioxide, make CHO, then expel oxygen.

we take up the oxygen and the carbs

then excrete carbon dioxide which goes back to the leaves

any excess carb we take in is stored as fat

 

oligosaccharides...more than di but not huge like poly

in order it's mono, di, oligo, dextrins, poly

 

cellulose is all about structure - plant cell walls, structural role, stems, woody parts of plants, etc.

 

cellulose has different linkages...that's why we can't break it down...!

 

anti-nutrients act similar to dietary fiber in that they are NOT DIGESTIBLE and they TRAP minerals etc. which prevents us from digesting them

 

lactase is an inducible enzyme which means that if you keep challenging it, you will develop lactase...we have it when we are born so that we can handle mother's milk but how about when you are weaned...and it is 1000 years ago...you would LOSE the lactase b/c there is ntohing to challenge it (no fridges thus no milk)

 

so probably our original state was lactose intolerance.  but then europeans started to dirnk milk regularly and they began to develop lactose TOLERANCE b/c they kept challenging lactase and it was all good

 

http://www.ahs.uwaterloo.ca/~kh346/html/sweet.htm --- KNOW IT (?)

invert sugar -> some digestion of sucrose has occurred thus it is sweeter b/c we have exposed some fructose

 

artificial sweeteners...SO sweet...this means that we don't need too much of it...

 

alpha bond b/t monosaccharides is when the bond is like a V

beta bond is when it is a zig zag

 

OK...starch vs. cellulose

starch is glucose^n where the bonds are alpha

cellulose is glucose^n where the bonds are beta ---- this is not recognized by human nor bacterial enzymes so it becomes part of dietary fiber

 

amylose < amylopectin < glycogen in terms of branching

 

blood glucose mM...

normal person eats a meal: 5 mM -> 7 mM -> 4 mM -> 5 mM

diabetic: 7 mM -> 10 mM -> 8 mM

 

ATTN: insulin kicks in BEFORE half an hour has passed

back into normal range after about 1 hour

 

 

 

 

 

digestion of dietary fibers.

hemicellulose and pectin undergo bacterial fermentation to become short chain fatty acids AND ALSO gases

- some gases also enter the blood and then expeled from the body through the lungs

 

- we also HYPOTHESIZE that the fatty acids acidify the colon slightly and this is a benefiical environment for the colon

- C2 is a great energy source for the epithelial cells of the colon

- C3 goes into the blood to the liver where it is an inhibitor to cholesterol synthesis!!  GOOD!!

- C4 influences the development of the epithelial cells that line the colon.  it will REDUCE the grwoth and prevent polyps from growing which makes the colon bulge out in places -- these are pre cancerous things

- thus high fiber diets can REVERSE THE FORMATION of these polyps

 

 

 

 

http://www.ahs.uwaterloo.ca/~kh346/html/rs.html
- physically inaccessible - think about an eiffel towel type structure that prevents the starch from being accessed

- granules - some of the starch ones don't swell and the enzymes can't get at the starch

- retrograded - you go heat/cold/heat/cold cycles - you swell the CHO by heating it then cool it...then do again...after enough of these the structure changes and you don't get the starch

 

- the story of CHO in the body after the liver is the story of glucose b/c everything gest converted to glucose!

 

glucagon vs. insulin is COUNTER REGULATORY

 

if you were stuck at sea for 5 days with fresh water, what food would you bring with you that you had to keep in a soap dish?

 

raisins -> carbohydrate

 

 

gluconeogenesis.

MAX production is 130 g per day but that's if you are Inuit

Normally it is much lower - around 40-60 g per day

so we need around 130 g per day so that in total we meet that 180 g ish range

 

so that's why the DRI is 125 g of carbs

 

reactive hypoglycemia: you either excrete TOO MUCH insulin or are just VERY SENSITIVE to it

 

 

diabetes problems: over 11 mM at any time or still over 8 mM after 2 hours

after 9 mM the tubule of the kidney can't reabsorb it anymore and it spills out into the urine

 

 

 

:. fiber .:

classification of dietary fiber

classification -> property -> type

 

soluble -> gel-forming; binds material -> gums, mucilages, pectins, some hemicelluloses

insoluble -> matrix; traps material (NOT binding it) -> most hemicelluoses, cellulose, lignin

anti-nutrient -> similar to fiber, binds minerals -> phytates, oxalates, tannins

 

so bioavailability is an issue - anti-nutrients can make stuff bio unavailable

 

you'd better memorize tabl 4-2!

other comments...

 

water soluble lower blood cholesterol...and the rate of glucose absorption...also delays transit time

 

LISTEN CAREFULLY: transit time is the time it takes for something to pass through you...if you accelerate it then it will be 1 day instead of 2 days for example

 

but on the other hand, insolbule fiber ACCELEREATES transit time...so there are opposite effects depending on whether it is soluble/insoluble in water

 

trapping water -> softens the stools

water insoluble -> slows starch digestion so these is why the glycemic index does not spike depending on what you eat

 

dietary fiber is NOT an essential nturient but it can do many good things:

- foster weight control

- lower blood cholesterol

- helps prevent colon cancer

- helps prevent and control diabetes

- helps prevent and alleiate hemorrhoids

- helps prevent appendicitis

- helps prevent diverticulosis

 

- figure 4.9

STOMACH

- the fiber gives you bulk and distends the stomach which sends neural signals that you are full

- also b/c it is non caloric it displaces fat and other calroies from the diet

 

SMALL INTESTINE

- again dilutes and delays stuff

- thus the concentration of cholesterol/gcluose is LESS (since it's diluted)...so the concentration gradient allowing absorption is LESS as well...!

- insoluble fiber is water trapping here so it makes it water trapping

- also here we bind the bile salts...recall the EHC: cholesterol converted to bile, stored in gallbaldder, goes through SI, back to the liver/gallbladder

- insoluble binds the bile and decreases the reabsorption of it so we need to make more bile salts so we use cholesterol to do this

 

 

- fiber moves into COLON now

- ok here we can reduce cancer b/c of different things...

- carcinogenic material in the diet doesn't spend as much time

- ALSO bile contacting the colon is irritating it...whic his NOT good...so if it binds bile then that's good

 

"P" is for interluminal pressure. when the smooth muscle contracts, it increases the pressure inside the colon.  and this happens when you strain at the stool. and this can trigger a stroke because it also increases blood pressure

- that's why you get varicose veins and hemorrhoid formation

- also the pressure against the endothelial lining of the colon can go through the smotoh msucle surrounding it if the pressure is too great and that's how you get diverticulum

 

- so stuff can gather in those outpockets, get inflamed, etc. and this is avery uncomfortable situation

 

- so fiber in the diet keeps material moving through

 

so effects on stool:

insoluble: bulks, soften, enlarges, prevents straining

soluble: microbial mass increased

 

 

 

 

 

- health effecst of dietary fiber

- functional fibers are defined as fibers extracted from plants and added to food to improve health benefits

- psyllium added to ceerals in the US is an eample

- total fiber = dietary + functional fiber

in 2002, adeuate intake for total fiber set at 14 g per 1000 kcal

i.e. for a 2000-3000 kcal diet, 28-42 total fiber dialy

 

 

too much fiber has potential to harm: 

- too much bulk will displace other important foods from the diet

- gi tract discomfort (remember that fermentation occurs which creates gases, osmotic effect, etc.)

- fibers can bind trace minerals (this is a concern if already in short supply)

- faster transit times -- nothing gets absorbed

 

 

:. glycemic index .:

- THEORETICALLYstarches have a smaller spike than simple sugars b/c it takes longer to absorb them b/c you have to break them down etc.

- diabetes WANT the starch bheavior so that their blood glucose won't spike

- but in REAL LIFE we see that a potato (complex CHO) is pretty similar to glucose...why?

- also legumes has a flattened response...but SO DOES FRUCTOSE...why?

- because fructose comes innto the body very slowly and is quickily removed from the blood

 

CONCLUSION? it is too simple to say avoid simple sugars, eat complex carbs

 

 

2 reference carb used: glucose...take glucose then do a tolerance test over x hours

then do a test CHO and check glucose levels.....

 

white bread also used as a standard.......which means you can get glycemic indices over 100% because white bread is not going to have a HUGE spike

 

 

REMEMBER

classficiation of cho by chemical clasificaiton: sugars, starches, fibers

by physiologic response: glycemi ceffect (high/low)

 

factors influencing...

food form -- like if we break down the mashed potato into little bits

digestbility: i.e. fructose vs. glucose/galactose (frtucose is slower b/c its facilitated)

cooking: cooking the CHO will open up the structure so that enzymes can break it down more rapidly

eating speed: how well do you chew it up in your mouth first?

 

glycemic index of selected foods

high glycemic foods have a rating above 60 (this will get your glucose up quickly after a long event)

moderate from 40 to 60

 

see the diff. between raw and cooked carrots for example

remember we are thinking about appearane AND disappearance of glucose...i.e. how fast do we absorb, how fast is it excreted

 

low less than 40...you would want them if you were a diabete

 

surprises? ice cream is LOW...b/c fat slows the  absorption rate

 

 

 

 

 

 

 

....heatlh effects....

simple sugars should give you a quieting effect!

 

 

 

sugars decrease the levels of all the aa's in the blood...EXCEPT for tryptophan...which means that now trypotphan is now more able to get into the brain...and get converted to serotonin...so when serotonin levels increase, we get more tired!

 

that's why the behavior expected with a high sugar meal is one of queit

 

 

 

but the PROBLEMS:

- empty claories (energy with no nutrient content)

- tooth decay

 

- so grain products are better than simple sugars cause you get your CHO but also you get vits and minerals at an overal lower energy cost

 

 

 

 

 

 

 

 

 

---- adaptation to starvation--------

 

- energy is the top priority for the body. so when CHO is missing then we have to use protein to get energy since we can't make glucose from fat

 

- in the later stages of fasting fat enters ABNORMAL METABOLISM to make ketone bodies...there are 3 of these compounds...1 is acetone, the other 2 are acids

- that's why you can smell acetone

- the other 2 are acids that stay in the blood

- so the state is called a ketotic state...also there is acidosis in the blood and the kidneys try to deal with that by peeing a lot

- so you see ketone bodies in the urine as well -- this is called ketouria

 

- why does this happen?  because the brain adapts (2-3 days) to use KB for ufel and this decreases the reliance on glucose

 

 

 

 

when fasting.............

- you can't use muscle glycogen to feed the brain...it's only used within the muscle for energy

- how about body fat?  broken down to fatty acids which is used for energy in cells besides the obligatory glucose users

- REMEMBER that the liver only has a 24 h supply of glycogen!

 

- you don't feel like doing stff duringa fast -- this is a behavioral adaptation for saving glucose....

 

 

OK now CONTINUED FASTING.............

- if fast conitnues beyond glycogen depltion:

- body beings to break down its protein (muscle and lean tissue) to amino acids to synthesize glucose needed for bran and nervous system energy

- also the liver converts fats to ketone bodies which serve as an alternatie energy source for the brain, thus slowing the breakdown of body protein

 

 

but what about FEASTING.....?

carbohydrate -> glucose -> top up liver and muscle glycogen stores...but then excess goes to body fat stores

 

fat -> fatty acids -> body fat stores

 

protein -> amino acids -> liver/muscle glycogen stores, body fat stores, loss of nitrogen in urine, then also body proteins

 

BUT.........stuff doesn't happen equally frequently for each thing.......

glucose is mostly used as energy or converted to glycogen...VERY LITTLE conversion to fat b/c this is a hard process

on the other hand...food fats .... a LITTLE BIT goes to energy but MOST is converted to body fat b/c this is an easyy process to do

 

take home msg: excess of carbs is INEFFICIENT to store as body fat, excess of fat is EFFICIENT to store as body fat

thus a high carb diet is MORE EFFECTIVE than a high fat diet (this is a good test question..."Why are high carb diets more effective than high fat ones?"
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Topic 5: The Lipids - Triglycerides, Phospholipids, and Sterols

 

Introduction

· Alright let's get our facts straight.  What EXACTLY are fats?
· Actually "fats" are a specific subgroup of a class of water-insoluble compounds called lipids.
· Give some quick introductory comments to fats.
· All contain the elements carbon, hydrogen and oxygen. 
· The oxygen content, however, is minuscule compared to CHO. 
· Each type of fat is energy dense, supplying 9 kcal per g, the highest energy content of the macronutrients.
· What are the 3 classes of lipids?  Discuss each.
· Triglycerides
· Triglycerides are the largest class in the diet. 
· A triglyceride (TG, triacylglycerol) is composed of three fatty acids joined to a glycerol backbone. 
· Fats are solid TG and oils are liquid TG at room temperature specifically. 
· Differences in chemical composition affect the TG's melting point: oils have a lower melting point than fats. 
· The Nutrition Recommendations for Canadians suggest consuming about 66 g of TG daily.
· Phospholipids
· Phospholipids (PL) contain phosphorus as the name implies. 
· This and another chemical change from TG allows the body to make important use of these lipids. 
· In the diet lecithin is the most significant PL. 
· As a group however, PL are not the major dietary lipid we ingest. 
· Typically our diet supplies 1 - 3 g per day. Lecithin contains choline which is a trendy supplement these days as lecithin has been in the past. 
· PL are emulsifying agents. Refer to Fig. 3-2. 
· Food manufacturers make use of this fact when they add lecithin to their products.
· Sterols
· Sterols are quite different in structure from the two classes above. 
· The name of this class is a contraction of the chemical features - a steroid ring and an alcohol group. 
· A steroid ring is four joined rings of carbon atoms. 
· This steroid ring is a central feature of several hormones and a vitamin. 
· Cholesterol (CHOL), the most important compound of this class, is consumed in the 300-600 mg range daily in the diet and the body makes 600-1,500 mg per day.
· Contrast visible with invisible fat.
· Visible fat
· Visible fat we see. 
· It's the butter and margarine, the salad dressing oil, and the white to gray sections and lines of choice prime ribs and marbled sirloin steaks.
· About 40% of dietary fat is visible fat.
· Invisible fat
· Invisible fat is unseen, emulsified by nature or in produced foods. 
· It is the fat in eggs and tofu that makes one exchange of these a medium-fat meat. 
· Other examples are homo milk, peanuts and granola bars. 
· The majority of fat in our diet, 60%, is invisible. Hence we need our fat detective skills.
 

Chemical Classification

· Triglycerides
· Introduction
· What's going on in Figure 5.1, pg. 90?  Explain this and you are fine for most of pg. 91
· Talk about double bonds and their significance.
· The double C=C bond is shown as it is most interesting: it reacts and determines structure. 
· This FA (Fig. 5.1) has one C=C bond. 
· One reaction of C=C is to add 2 H's to make only single bonds (hydrogenation).
· Talk about saturated vs. unsaturated.
· A FA which holds as many H's as possible (only single bonds), is saturated (SFA).
· The FA in Fig. 5-1 is unsaturated. Since it has one C=C bond, it is a monounsaturated (MUFA). 
· If there were more than one double bond, the FA would be a polyunsaturated fatty acid (PUFA).
· Talk about chain length.  What are some common patterns/trends we see?
· All combinations of chain length, double bond position, or double bond arrangements do not occur. 
· Chain length in nature is almost always even in length, unlike in our example.
· Lengths of 2 - 24 C's are usual with 16- 18 C's common. 
· One, two or three double bonds are found often in the FA in our diet, but four to six are not unknown. 
· Almost exclusively these double bonds are in the cis configuration.
· Differentiate between SCFA, MCFA, and LCFA?
· FA with chain lengths of 2 - 4 C's are termed short-chain FA
· 6 - 10 C's, medium-chain FA
· 12 - 24 C's; long-chain FA. 
· Long-chain FA are most common in the diet, while the medium and short chain ones are found in diary products in minor amounts.
· Alright but all that stuff is FA as a COMPONENT of triglycerides.  What about free fatty acids, when do we see those?
· Some FA does circulate in our blood stream bound to the protein carrier, albumin. 
· Not being incorporated in TG, these non-esterified FA are called free FA, FFA.
· Talk through Figure 5.2, pg. 92.
· What reactions are going on there?
· Glycerol, a non-CHO, contains three alcohol groups. 
· A condensation reaction between the glycerol's alcohol and a FA acid group, with the loss of water, has formed an ester, a chemical group shown by the bridging O in the diagram. 
· The reaction iscalled an esterification. The TG is formed in steps, first a monoglyceride (MG), to a diglyceride (DG), to the TG
· FA1 + GLYCEROL = MG + H2O
· FA2 + MG = DG + H2O
· FA3 + DG = TG + H2O
· How does this affect the nature of the resulting triglyceride?
· Well it's all about the combinations of the different types of FA's that you end up with:
· The nature of the FA in a TG determines properties of the TG. 
· Invariably the FA are mixed due to:
· different chain lengths
· degree of saturation.
· So in Fig. 5-2, the TG might have FA1, 18:0; FA2, 9,12-18:2; FA3, 16:0
· Reproduce Table 5.1, pg. 93
· Also commentary on pg. 93
· OK so from the table (which you should know COLD) we see that oils are generally unsaturated but what are the exceptions?
· The tropical oils, palm, palm kernel, and coconut, are highly saturated. 
· Palm oil is 49% saturated FA. 
· Palm kernel oil is 81% saturated FA. 
· Coconut oil is 87% saturated FA.
· FA with chain lengths of 10-14 C's predominate and the shorter chain length is sufficient to cause liquid properties.
· The essential polyunsaturated fatty acids
· What's the general pattern for DRI's for linoleic and linolenic acid?
· We need 10 x more linoleic than linolenic acid
· What are the notations for linoleic and linolenic acid?
· Linoleic acid is 9,12-18:2w6. 
· Linolenic acid is 9,12,15-18:3w3.
· Reproduce and explain Figure 5.3, pg. 94
· Check commentary on pg. 94 as well
· Talk about eicosanoids.
· Eicosanoids are very biologically active compounds. 
· They can be thought of as local hormones controlling important functions in many tissues. 
· Prostaglandins, prostacyclins, thromboxanes, and leukotrienes are these local hormones. 
· They come in series where functional groups vary in position within the compounds. 
· Eicosanoids partake in functions like blood pressure regulation, blood clotting and inflammation. Their exact role is tissue-dependent.
· Talk about the antagonistic effect going on here.
· In the various tissues the prostaglandin series based on the w6 and w3 FA work in opposition, one series accelerating reactions while the other series inhibits them. 
· Thus precise regulation is obtained with a balance of eicosanoids.
· Talk about the dietary sources for the different PUFA's we make from linoleic and linolenic acid.
· Rich dietary sources of the complex PUFA are varied. 
· EPA and DHA are found in the TG of cold water, fatty fish (salmon, tuna, herring, sardines) and shellfish. 
· Arachidonic acid is found in TG from meat, liver and brain.
· Other important fatty acids
· Talk about some other fatty acids we find in food.
· Palmitic acid, 16:0, and stearic acid, 18:0, are two common saturated FA. 
· Stearic acid is found in beef fat and cocoa butter. 
· Milk fat tends to contain medium-chain saturated FA.
· Oleic acid, 18:1w9, is a monounsaturated FA in abundance in olive oil.
· What is the significance of Figure 5.4, pg. 95?  What trends are there?
· Locate olive oil. Notice that it's FA content is 77% monounsaturated. That MUFA is oleic acid. 
· Lesser amounts of the other types of FA are present also. 
· Contrast olive oil with beef fat. 
· Beef fat is 52% saturated (largely stearic acid) yet MUFAs and some PUFAs are present. 
· Notice the influence of content on melting point and physical property and source (Table 5-1). In palm oil and coconut oil, the exception to the rule is illustrated: these food TGs contain much saturated, but short- and medium-chain FA, so are oils. 
· Safflower, sunflower and corn oils have a majority PUFA, mainly linoleic acid.
· Linolenic acid is found in significant amounts in canola and soybean oils. 
· Flaxseed oil (linseed oil) also is a source of linolenic acid.
· Discuss margarine.  What about it justifies special discussion?
· Margarine is listed showing a predominance of MUFA and PUFA as expected from its plant origins. 
· Yet all margarines are not the same, coming in semi-soft, soft and hard varieties.
· Producers start with a vegetable oil and, with the chemical process of hydrogenation, increase the degree of saturation by adding 2 H's across double bonds.
· This raises the melting point as the SFA and MUFA content is increased at the expense of the PUFA. 
· In the extreme, vegetable shortening is formed which resembles lard in its FA content.
· Talk more about hydrogenation.
· During hydrogenation, something else occurs accidentally: many of the natural cis configurations of double bonds get altered to trans.
· At the molecular level, this increase in the trans arrangement, straightens out the chain's shape. 
· Physiologically, trans FA act more like SFA, even though they still are unsaturated. 
· A low level of trans FA occurs in our diet from fats in meat and dairy products: it is a by-product of cattle rumination. 
· Ingestion of trans FA has increased as more hydrogenated vegetable fat is used in prepared foods and butter consumption slips in favour of margarine. This has concerned some experts since high trans FA ingestion tends to increase blood lipid levels, which may be associated with coronary heart disease.
· Partial hydrogenation of vegetable oils not only saturates them and causes a trans rearrangement of some double bonds, it makes the fat more stable.
· OK why is stability important?  What's the next issue we have to think about?
· The double bonds in MUFA and PUFA are susceptible to oxidation. 
· Oxygen can split double bonds resulting in breakdown products which are generally acids. 
· In foods a rancid taste results and discolouration might be noticeable.
· This is one cause of spoilage and loss of shelf life. 
· Heat, light, and exposure to air speeds up oxidation. 
· To retard oxidation, the smart person seals the wheat germ jar tightly, limiting available oxygen and places the jar in the cold, dark refrigerator. 
· Food producers add antioxidants to lengthen self life. 
· BHA and BHT are common antioxidants often added to foods and packing materials. 
· In membranes of body tissues an analogous process to oxidation disrupts membrane structure. 
· Here the oxidants are highly active by-products of metabolism called free radicals. 
· The body has mechanisms to protect membranes from this destruction. 
· Vitamins E and C and beta-carotene have antioxidant properties, so some recommend taking supplements for protection.
· What is CLA?  Discuss.
· Linoleic acid in the stomach of ruminants undergoes a shift in double bond position to have a double-single-double bond sequence and some cis to trans conversion, so called conjugated linoleic acids, CLA fats. 
· These are powerful antioxidants and are found in meats like beef and in whole cow’s milk. 
· They may prove to have significant positive health effects.
· What are the 6 possible lipid reactions?
· ESTERIFICATION - a condensation of an alcohol and FA to form an ester and water
· HYDROLYSIS - splitting of an ester to yield a FA and an alcohol
· HYDROGENATION - addition of 2H's to a double bond to create a single C&C bond
· CIS TO TRANS CONVERSION - rearrangement of the natural "kinked" configuration to a "straight" configuration about a C=C bond
· OXIDATION - splitting of a C=C bond into fragments by oxygen or "free radicals"
 

Check the lecture notes to see if there is anything to add here! (i.e. what are HUFA's?)

 

OK boy there are TONS of overheads that have to do with carbs and fats that you NEED TO LEARN as well

 

[DE Addendums]

 

:. Lipids .:

 

Polyunsaturated -- there are 2 kinds: omega3, omega6 (you know what that means chemically)

 

triglycerides are 95% of dietary lipids!  only about 60 g per day

 

phospholipids -- lecithin contains CHOLINE!

 

 

fatty acids - WE DON'T CONSUME THEM!  (at least as such)

they are just building blocks...so they are parts of tg, pl, and can be cholesterol esters...

 

however they are in BLOOD as FFA...

 

 

many ways to characterize FA's...

- chain length

- saturation

- where are the double bonds

- are they cis or trans

 

 

lcfa 12-24

vlcfa is a subgroup (20-24)

 

 

 

stearic acid (it's saturated) does nothing to your blood cholesterol

it's the shorter chain saturated fats that hurt you...

 

 

cis fatty acid - the carbon chain gets bent back on itself!  but with a trans it is more linear

 

remember that cis arrangement is NATURAL

and is easier to pack into fat droplets of adipose tissue

 

 

LIVER double bonds.

with lineoleic acid...we can only put new bonds between the acid end and the first double bond (9)

 

that's why we can't make linolenic acid from linoleic acid!

 

NUTRITIONAL WAY: we use the omega method

 

 

 

 

 

 

 

glycerol backbone -> this applies to PL and TG

 

Trilglycerides are always mixed!  so the fa's are sometimes different lengths, different degree of saturation, etc.

 

plant oils - what do you find?  you have plant, oil, low saturation..but LONG chain length.  doesn't matter though, it's still an oil

 

but the EXCEPTION: short chain highly saturated fats are the tropical oils

- c10-c14 in length

- these tropical oils are associated with high blood pressure

 

- no deficiency diseases known for linoleic/linolenic acids

 

 

antagonistic effect - i.e. vasodilation vs. vasoconstriction

 

so the liver is the thing that changes linoleic acid to arachidonic acid, and linolenic acid to EPA and DHA

 

 

you can find in arachidonic acid in animals b/c they preform it for you!

 

 

epa and dha are the FISH OILS (yes we can confirm that)

 

 

 

problem -> the liver in older people doesn't convert linoleic/linolenic acid very well...so it's good to get preformed...

 

other important fatty acids and related points:

 

lauric acid, 12:0 myristic, 14:0, palmitic, 16:0...common in animal fats, raise blood cholesterol levels

 

stearic acid: 18:0...beef tallow, chocolate, cocoa butter, does NOT raise bloodcholesterol

 

oleic acid, 18:1w9 -- olive and canola oils...LOWER BLOOD CHOLESTEROL

 

linoleic acid -- 18:2w6 -- corn, sunflower, safflower oil lower blood cholesterol

 

linolenic acid: 18:3w3 - soybean, canola, flaxseed oil lower blodo cholesterol

 

lard = animal source, suet

 

shortening = plant soure, Crisco

 

however lard = shortening in the text so let's be clear

lard means animal source, saturated fat

but shorteninig is plant source but MADE SOLID by the hydrogenation process

 

CLA: polyunsaturated fat

conjugated means (you know)

also cis and trans alternate

found in meat and milk

when the cow chews its cud...the fermentation process changes position of double bonds and makes isomers called conjugated linoleic acids

 

 

comparison of dietary fats

saturated fat predominates: cocont oil, butter, beef tallow, palm oil

monounsaturated fat predominates: olive oil, margarine, canola oil, peanut oil, lard

polyunsaturated fat predominates: safflower oil, sunflower oil, corn oil, soybean oil, cottonseed oil

 

 

when a TG gets hydrolyzed...the outside fatty acids come off.  so the MG remaining has the FA attached to the middle alcohol

 

saturating the fatty acid increases the metling point -- i.e. it gets harder

 

so we can take cheap vegetable oils and hdrogenate them until we get shortening/crisco...then more and more hard margarine

somewhere in the middle of that is soft margarine

 

we protect fats from oxidation by:

puttig it in the fridge to make it cooler (avoid the metlign point)

hide from light since light catalyzes

of course seal the bottle so oxygen cannot attack

 

also added to reduce oxidation: ascorbic acid, bht, bha, /// (in humans): beta carotene, vitamin e

 

so they are anti oxidants b/c they are oxidized FIRST...preferentially...thus the fat does not get oxidized

 

 

free radicals -- hihgly reactive oxygen species and they can tear into celluar strucutres, break down membranes, i.e. BECAUSE PUFA's are part of membranes!  so if they get oxidized then they will break down

 

free radicals are naturally occurring due to cell respiration

vitamin c, e, a (beta carotene) are free radical killers

 

cis to trans conversion -- this is what happens when y ou hydrogenate.  so a lot of time you end up with trans monounsaturated fat.  so both the position and the arrangmenet of the double bond can change

 

trans fats have a higher melting point than their cis equilvanets...they are more stable...

 

trans fats have a huge risk of heart disease!

 

when cows do the trans fat...it puts it in beneficial conformation so it's OK...i.e. cla
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Topic 2 - Food Choices and Diet-Planning Guides

 

Lecture 10

· Discuss the 6 principles behind a well-planned diet.
· Adequacy: The diet contains all the essential nutrients and energy to meet the needs of the person and maintain health. The DRI address this aspect of diet.
· Balance: The proportion of nutrients in the foods we eat reflects our needs. This means the types of foods we choose meet our needs yet do not displace other useful foods by over consumption.
· kcal Control: A person's energy intake just equals energy expenditure to maintain weight or the intake meets the demands for proper growth.
· Nutrient Density: We must consume energy to get nutrients. The ratio of amount of nutrition is compared to the amount of energy supplied by a food. It is the energy cost of acquiring nutrients. If the ratio is high - lots of nutrients for fewer kcals - the food is nutrient-dense.
· Moderation: No excessive (unneeded or unwanted - as used below) amounts of foods and diet constituents are eaten. Things, like some nutrients, aren't squeezed out of the diet by the dominance of others (e.g., fat bumping CHO).
· Variety: Different food at different times is consumed. A principle of dilution is working so that unwanted material, e.g., contaminants, toxic nutrient levels, etc., do not build up, that a mix of trace nutrients is ensured, and the diet is and remains interesting.
· How are these principles related to each other?
· Balance helps ensure adequacy
· Kcal control assists weight management
· Nutrient density promotes adequacy and kcal control
· Moderation contributes to adequacy, balance, and kcal control
· Variety ties it all together
· Describe how Canada's Food Guide to Healthy Eating came about.
· It was based on two reports which separately had different purposes:
· "Nutrition Recommendations for Canadians" was all about nutrient intake recommendations (like the DRI's) - they made 8 statements about this
· "Canada's Guidelines for Healthy Eating" was about health promotion through nutrition - they made 5 statements about this
· OK let's talk about the Nutrition Recommendations first.  If we combine them with the DRI recommendations, what do we get?  Make comments as necessary.
· NR: provide energy consistent with the maintenance of body weight within the recommended range
· This is what BMI is all about - we want to be between 18.5 and 24.9
· As you get further from the ideal BMI range, the health risk increases exponentially
· DRI, NR: include essential nutrients in amounts recommended.
· DRI: AMDR for fat consumption is between 20 - 35% of total energy intake
· Interestingly if we are too low here we have a risk of CHD
· And of course if we are too high we risk CHD, obesity, and cancer
· NR: Sat:Mono:Poly fat ratio, 10%: 10%: 10%
· DRI: saturated fat - keep "low" and trans fat - "low as possible" (CHD risk)
· This is interesting…why are there no upper or lower limits for saturated and trans fats?
· There is no UPPER limit because that would imply that any fat under that level would not be adverse to health, but that's just not true - ANY saturated or trans fat at all poses a CHD risk (remember how there was no EER UL either?  Same deal)
· There is no LOWER limit because we can never TOTALLY eliminate saturated and trans fats from our diets:
· Sometimes we eat a diet of MIXED fats which include saturated fats
· Also, trans fat occurs naturally in foods, so meh…
· DRI: AMDR for CHO is from 45 - 65% of energy
· If we get too high, triglycerides increase and we risk CHD
· DRI: have a maximum of 25% of energy from added sugars
· This is called into debate because 25% is a VERY HIGH number to have for (? Seems high: WHO says 10%)
· DRI: AMDR for PRO is 10 - 35% of energy
· DRI: total fibre = dietary + functional, 14 g/1000 kcal
· There is a lot of functional fiber these days because people aren't eating enough of it naturally
· So we load up breakfast cereal with psyllium (a kind of fiber), for example
· Functional fiber is defined as: fibers extracted from plants and added to foods so as to improve health benefits
· DRI: an AI for sodium of 1500 mg for adult males and females
· NR: include no more than 5% of total energy as alcohol, or two drinks daily, whichever is less
· The concern here is not that the liver will be affected - instead it is that alcohol is "junk calories", which means we're getting a bunch of energy without really any nutrients…so it is bad for BMI
· NR: contain no more caffeine than the equivalent of four regular cups of coffee per day
· NR: community water supplies containing less than 1 mg/L should be fluoridated to that level
· This is for the sake of dental health
· What are Canada's Guidelines for Healthy Eating?
· Enjoy a variety of foods
· Emphasize cereals, breads, other grain products, vegetables and fruit
· Choose low-fat dairy products, lean meats and foods prepared with little or no fat
· Achieve and maintain a healthy body weight by enjoying regular physical activity and healthy eating
· Limit salt, alcohol and caffeine
 

· Know Tables 2.1 and 2.2, pp. 26-27
 

Canada's Nutrition Labeling

· Introduction
· What are the 2 sets of labeling policies active in Canada?
· "Nutrition Information" Panel (OLD)
· "Nutrition Facts" Panel (NEW)
· What are the 3 kinds of information of food labels right now?
· The Nutrition Information/Facts Panel
· Nutrition claims
· Ingredient list
· Canadian Food Labels
· What are the goals for Canadian food labels?
· Standard format; easy to find and read
· Uniform expression; informed food choice
· Accurate & useful; consumers & professionals consider important
· On more foods (prepackaged)
· In an attempt to accomplish this, we make the Nutrition Facts table MANDATORY on most prepackaged foods
· Health education stuff:
· Reinforce healthy eating practices
· Increase understanding of links between nutritional health and well-being
· Reduce the risk of chronic, nutrition-related diseases
· The Nutrition Facts Table
· Know and UNDERSTAND Figure 2.4, pg. 42 (i.e. which nutrients are on there?)
· Talk about the choice of which nutrients to put on there.
· Firstly know that this is the "core label", meaning that it is the minimal information that must be part of the label on almost all prepackaged foods.
· Also, the opinions of consumers and professionals determined which nutrients’ data were to be included. 
· How does the US and Canada compare with respect to how they treat fats?
· Canada combines saturated and trans fats in the core label -- i.e. we see how much we are getting of each. 
· What's up with "% Daily Value"?
· This is a relative measure, that tells the label reader the product supplies "a little" or "a lot". 
· For saturated plus trans fats, a little is a good thing. 
· For the vitamins A and C or the minerals calcium and iron, a lot is a good thing (see below). 
· The DV are a reference set of data for labels based on older standards similar to the DRI and Nutrition Recommendations. 
· Nutrients like saturated and trans fat require both the amount, an absolute value, and the % DV to be given. 
· On the other hand, the % DV is optional for cholesterol as the education emphasis is on saturated and trans fat. 
· For the two vitamins and two minerals, the % DV is used. 
· In which cases could we legally give incomplete information in the Nutrition Facts table?
· Some exemptions from giving the Nutrition Facts box are permitted if the product:
· contains insignificant energy and/or nutrients (bottled water)
· is prepared and packaged at retail (deli counter, burger chain)
· is fresh vegetables and fruit
· is served in or sold to restaurants
· sold at road side stands, ...
· Alcohol
· Finally, what will necessitate the inclusion of the Nutrition Facts table on the product EVERY TIME?
· Certain claims for a special nutrient content feature (high fibre, low fat, ...) or for a nutrient with a diet-related disease or health condition (calcium/osteoporosis), or when we add vitamins, minerals, or sweeteners…all necessitate that we use the table!
· Nutrition Claims
· Nutrient content
· So what are we talking about when we say "nutrient content"?
· Nutrient content claims highlight a special feature about the food…i.e. "free", "low", "less", "more", "reduced", "lower", a "source - good, high, very high - of, etc. 
· And of course, each of these phrases are connected with a certain nutrient. 
· To make such a claim, however, requires that the food meet very specific quantitative conditions set out in the government policy. 
· See Table 2-4, pg. 44 although we don't need to remember numbers from here (should know definitions though probably)
· Diet/health claims
· OK what's up with this?
· The idea here is that we can make statements on the labeling which link certain nutrient intake levels with health outcomes, and then make a statement about how our food stacks up against those nutrient levels
· There are 4 situations in which we can do this, and the wording must be specific:
· A healthy diet low in sodium and high in potassium - may reduce the risk of high blood pressure.
· A healthy diet adequate in calcium and vitamin D - may reduce the risk of osteoporosis.
· A healthy diet low in saturated and trans fat - may reduce the risk of heart disease.
· A healthy diet rich in vegetables and fruit - may reduce the risk of some types of cancer.
· (also one for chewing gum, hard candy, and breath freshening products with respect to tooth decay)
· Then of course, our foods have to match up to certain levels of this and that if we are to make these claims
· See Table 2.5, pg. 46 for the specific requirements (probably memorize this bad boy :|)
· Ingredients
· Talk to me baby!  Requirement, presentation, etc.
· The list of ingredients on the label is (and always has been) mandatory. 
· The food contents must appear in descending order by weight, most to least, on the package but the spacing between the food items is variable so that one item may be in the gram range while the next listed could be at the mg or ug level. 
· Often global statements are used, "may contain palm or coconut oil", as the recipe varies with the season and item availability so that the actual ingredients may change. 
· In general the ingredient list is good because it provides information for those who wish to avoid certain food stuffs, such as people with allergies or those with health or cultural beliefs.
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Topic 5: The Lipids - Triglycerides, Phospholipids, and Sterols

 

Introduction

· Alright let's get our facts straight.  What EXACTLY are fats?
· Actually "fats" are a specific subgroup of a class of water-insoluble compounds called lipids.
· Give some quick introductory comments to fats.
· All contain the elements carbon, hydrogen and oxygen. 
· The oxygen content, however, is minuscule compared to CHO. 
· Each type of fat is energy dense, supplying 9 kcal per g, the highest energy content of the macronutrients.
· What are the 3 classes of lipids?  Discuss each.
· Triglycerides
· Triglycerides are the largest class in the diet. 
· A triglyceride (TG, triacylglycerol) is composed of three fatty acids joined to a glycerol backbone. 
· Fats are solid TG and oils are liquid TG at room temperature specifically. 
· Differences in chemical composition affect the TG's melting point: oils have a lower melting point than fats. 
· The Nutrition Recommendations for Canadians suggest consuming about 66 g of TG daily.
· Phospholipids
· Phospholipids (PL) contain phosphorus as the name implies. 
· This and another chemical change from TG allows the body to make important use of these lipids. 
· In the diet lecithin is the most significant PL. 
· As a group however, PL are not the major dietary lipid we ingest. 
· Typically our diet supplies 1 - 3 g per day. Lecithin contains choline which is a trendy supplement these days as lecithin has been in the past. 
· PL are emulsifying agents. Refer to Fig. 3-2. 
· Food manufacturers make use of this fact when they add lecithin to their products.
· Sterols
· Sterols are quite different in structure from the two classes above. 
· The name of this class is a contraction of the chemical features - a steroid ring and an alcohol group. 
· A steroid ring is four joined rings of carbon atoms. 
· This steroid ring is a central feature of several hormones and a vitamin. 
· Cholesterol (CHOL), the most important compound of this class, is consumed in the 300-600 mg range daily in the diet and the body makes 600-1,500 mg per day.
· Contrast visible with invisible fat.
· Visible fat
· Visible fat we see. 
· It's the butter and margarine, the salad dressing oil, and the white to gray sections and lines of choice prime ribs and marbled sirloin steaks.
· About 40% of dietary fat is visible fat.
· Invisible fat
· Invisible fat is unseen, emulsified by nature or in produced foods. 
· It is the fat in eggs and tofu that makes one exchange of these a medium-fat meat. 
· Other examples are homo milk, peanuts and granola bars. 
· The majority of fat in our diet, 60%, is invisible. Hence we need our fat detective skills.
 

Chemical Classification

· Triglycerides
· Introduction
· What's going on in Figure 5.1, pg. 90?  Explain this and you are fine for most of pg. 91
· Talk about double bonds and their significance.
· The double C=C bond is shown as it is most interesting: it reacts and determines structure. 
· This FA (Fig. 5.1) has one C=C bond. 
· One reaction of C=C is to add 2 H's to make only single bonds (hydrogenation).
· Talk about saturated vs. unsaturated.
· A FA which holds as many H's as possible (only single bonds), is saturated (SFA).
· The FA in Fig. 5-1 is unsaturated. Since it has one C=C bond, it is a monounsaturated (MUFA). 
· If there were more than one double bond, the FA would be a polyunsaturated fatty acid (PUFA).
· Talk about chain length.  What are some common patterns/trends we see?
· All combinations of chain length, double bond position, or double bond arrangements do not occur. 
· Chain length in nature is almost always even in length, unlike in our example.
· Lengths of 2 - 24 C's are usual with 16- 18 C's common. 
· One, two or three double bonds are found often in the FA in our diet, but four to six are not unknown. 
· Almost exclusively these double bonds are in the cis configuration.
· Differentiate between SCFA, MCFA, and LCFA?
· FA with chain lengths of 2 - 4 C's are termed short-chain FA
· 6 - 10 C's, medium-chain FA
· 12 - 24 C's; long-chain FA. 
· Long-chain FA are most common in the diet, while the medium and short chain ones are found in diary products in minor amounts.
· Alright but all that stuff is FA as a COMPONENT of triglycerides.  What about free fatty acids, when do we see those?
· Some FA does circulate in our blood stream bound to the protein carrier, albumin. 
· Not being incorporated in TG, these non-esterified FA are called free FA, FFA.
· Talk through Figure 5.2, pg. 92.
· What reactions are going on there?
· Glycerol, a non-CHO, contains three alcohol groups. 
· A condensation reaction between the glycerol's alcohol and a FA acid group, with the loss of water, has formed an ester, a chemical group shown by the bridging O in the diagram. 
· The reaction iscalled an esterification. The TG is formed in steps, first a monoglyceride (MG), to a diglyceride (DG), to the TG
· FA1 + GLYCEROL = MG + H2O
· FA2 + MG = DG + H2O
· FA3 + DG = TG + H2O
· How does this affect the nature of the resulting triglyceride?
· Well it's all about the combinations of the different types of FA's that you end up with:
· The nature of the FA in a TG determines properties of the TG. 
· Invariably the FA are mixed due to:
· different chain lengths
· degree of saturation.
· So in Fig. 5-2, the TG might have FA1, 18:0; FA2, 9,12-18:2; FA3, 16:0
· Reproduce Table 5.1, pg. 93
· Also commentary on pg. 93
· OK so from the table (which you should know COLD) we see that oils are generally unsaturated but what are the exceptions?
· The tropical oils, palm, palm kernel, and coconut, are highly saturated. 
· Palm oil is 49% saturated FA. 
· Palm kernel oil is 81% saturated FA. 
· Coconut oil is 87% saturated FA.
· FA with chain lengths of 10-14 C's predominate and the shorter chain length is sufficient to cause liquid properties.
· The essential polyunsaturated fatty acids
· What's the general pattern for DRI's for linoleic and linolenic acid?
· We need 10 x more linoleic than linolenic acid
· What are the notations for linoleic and linolenic acid?
· Linoleic acid is 9,12-18:2w6. 
· Linolenic acid is 9,12,15-18:3w3.
· Reproduce and explain Figure 5.3, pg. 94
· Check commentary on pg. 94 as well
· Talk about eicosanoids.
· Eicosanoids are very biologically active compounds. 
· They can be thought of as local hormones controlling important functions in many tissues. 
· Prostaglandins, prostacyclins, thromboxanes, and leukotrienes are these local hormones. 
· They come in series where functional groups vary in position within the compounds. 
· Eicosanoids partake in functions like blood pressure regulation, blood clotting and inflammation. Their exact role is tissue-dependent.
· Talk about the antagonistic effect going on here.
· In the various tissues the prostaglandin series based on the w6 and w3 FA work in opposition, one series accelerating reactions while the other series inhibits them. 
· Thus precise regulation is obtained with a balance of eicosanoids.
· Talk about the dietary sources for the different PUFA's we make from linoleic and linolenic acid.
· Rich dietary sources of the complex PUFA are varied. 
· EPA and DHA are found in the TG of cold water, fatty fish (salmon, tuna, herring, sardines) and shellfish. 
· Arachidonic acid is found in TG from meat, liver and brain.
· Other important fatty acids
· Talk about some other fatty acids we find in food.
· Palmitic acid, 16:0, and stearic acid, 18:0, are two common saturated FA. 
· Stearic acid is found in beef fat and cocoa butter. 
· Milk fat tends to contain medium-chain saturated FA.
· Oleic acid, 18:1w9, is a monounsaturated FA in abundance in olive oil.
· What is the significance of Figure 5.4, pg. 95?  What trends are there?
· Locate olive oil. Notice that it's FA content is 77% monounsaturated. That MUFA is oleic acid. 
· Lesser amounts of the other types of FA are present also. 
· Contrast olive oil with beef fat. 
· Beef fat is 52% saturated (largely stearic acid) yet MUFAs and some PUFAs are present. 
· Notice the influence of content on melting point and physical property and source (Table 5-1). In palm oil and coconut oil, the exception to the rule is illustrated: these food TGs contain much saturated, but short- and medium-chain FA, so are oils. 
· Safflower, sunflower and corn oils have a majority PUFA, mainly linoleic acid.
· Linolenic acid is found in significant amounts in canola and soybean oils. 
· Flaxseed oil (linseed oil) also is a source of linolenic acid.
· Discuss margarine.  What about it justifies special discussion?
· Margarine is listed showing a predominance of MUFA and PUFA as expected from its plant origins. 
· Yet all margarines are not the same, coming in semi-soft, soft and hard varieties.
· Producers start with a vegetable oil and, with the chemical process of hydrogenation, increase the degree of saturation by adding 2 H's across double bonds.
· This raises the melting point as the SFA and MUFA content is increased at the expense of the PUFA. 
· In the extreme, vegetable shortening is formed which resembles lard in its FA content.
· Talk more about hydrogenation.
· During hydrogenation, something else occurs accidentally: many of the natural cis configurations of double bonds get altered to trans.
· At the molecular level, this increase in the trans arrangement, straightens out the chain's shape. 
· Physiologically, trans FA act more like SFA, even though they still are unsaturated. 
· A low level of trans FA occurs in our diet from fats in meat and dairy products: it is a by-product of cattle rumination. 
· Ingestion of trans FA has increased as more hydrogenated vegetable fat is used in prepared foods and butter consumption slips in favour of margarine. This has concerned some experts since high trans FA ingestion tends to increase blood lipid levels, which may be associated with coronary heart disease.
· Partial hydrogenation of vegetable oils not only saturates them and causes a trans rearrangement of some double bonds, it makes the fat more stable.
· OK why is stability important?  What's the next issue we have to think about?
· The double bonds in MUFA and PUFA are susceptible to oxidation. 
· Oxygen can split double bonds resulting in breakdown products which are generally acids. 
· In foods a rancid taste results and discolouration might be noticeable.
· This is one cause of spoilage and loss of shelf life. 
· Heat, light, and exposure to air speeds up oxidation. 
· To retard oxidation, the smart person seals the wheat germ jar tightly, limiting available oxygen and places the jar in the cold, dark refrigerator. 
· Food producers add antioxidants to lengthen self life. 
· BHA and BHT are common antioxidants often added to foods and packing materials. 
· In membranes of body tissues an analogous process to oxidation disrupts membrane structure. 
· Here the oxidants are highly active by-products of metabolism called free radicals. 
· The body has mechanisms to protect membranes from this destruction. 
· Vitamins E and C and beta-carotene have antioxidant properties, so some recommend taking supplements for protection.
· What is CLA?  Discuss.
· Linoleic acid in the stomach of ruminants undergoes a shift in double bond position to have a double-single-double bond sequence and some cis to trans conversion, so called conjugated linoleic acids, CLA fats. 
· These are powerful antioxidants and are found in meats like beef and in whole cow’s milk. 
· They may prove to have significant positive health effects.
· What are the 6 possible lipid reactions?
· ESTERIFICATION - a condensation of an alcohol and FA to form an ester and water
· HYDROLYSIS - splitting of an ester to yield a FA and an alcohol
· HYDROGENATION - addition of 2H's to a double bond to create a single C&C bond
· CIS TO TRANS CONVERSION - rearrangement of the natural "kinked" configuration to a "straight" configuration about a C=C bond
· OXIDATION - splitting of a C=C bond into fragments by oxygen or "free radicals"
· Phospholipids
· See Figure 5.5, pg. 99.  Describe the chemical structure of a phospholipid.
· To the left are any two FA joined to a glycerol backbone (FA are mixed)
· The phosphate has negative charge and water-liking O's. 
· All PL have this bridging phosphate group. 
· The group in the darker highlighted box varies to give a specific identity to the PL. In lecithin, this nitrogen-containing base is choline. 
· Choline is made by the body and also forms part of the neurotransmitter acetylcholine.
· How is this particular food a "nutriceutical"?
· Some drink "smart cocktails" containing acetylcholine or take lecithin in an attempt to increase awareness and IQ. 
· This class of drugs, foods, and supplements are called "nootrophics" and form part of a group of "nutriceuticals" which are clustered with designer or functional foods. 
· What happens if we get a PFA in the "2" position of the phospholipid?
· One PL function in the body depends on a PUFA being in the position marked "2": an enzyme called LCAT can take a FA from position 2 of lecithin and transfer it to cholesterol to make an ester. 
· If the FA is a PUFA the CHOL ester is more soluble and can be cleared from the blood stream better.
· Explain how phospholipids emulsify fat and form the lipid bilayer of cell membranes.
· Emulsification:
· The phosphate/choline group is a hydrophilic head and the FA, the hydrophobic tail.
· Thus PL disperse fat into microscopic droplets suspended in water, which is important because the digestive enzymes, being proteins, are in the water phase.
· Bilayer:
· In cells, one row of PL heads points into the inside water phase of cells and another row of heads interacts with the external water. The tails of each row make up the membrane structure of the cell. 
· Also this property is used in the transport of fat in the blood.
· Talk about sources of PL's.  How about lecithin specifically?
· We do make PL in considerable quantity in the liver.
· Lecithin is found in rich abundance in egg yolks and peanuts as well as being added to products as an emulsifier. 
· Sterols
· What is the most important sterol in our body?
· Cholesterol is the most important sterol in both our diet and body.
· See Figure 5.6, pg. 98.  Discuss.
· The four interlocking rings are the steroid ring. 
· The "OH" is the alcohol group. 
· This alcohol can form an ester with an FA: a majority of dietary and body CHOL is present in the ester form. 
· What are sources of cholesterol?  (Both intrinsic and consumed)
· CHOL is found only in animal food, not in vegetable sources.
· Organ meats, meats of all cuts, fish, poultry, eggs, and dairy products are diet sources of CHOL: shellfish contain a related sterol but less CHOL than previously believed.
· The liver synthesizes CHOL from SFA (especially C10 - C16 lengths) and other material that supplies two C units. 
· Where in the body is cholesterol required?  Why?
· CHOL is required in tissues like heart, brain kidney and liver for growth of infants. 
· This is because it gets converted into bile acids/salts, vitamin D and its hormone, calcitriol, the sex hormones and the steroid hormones of the adrenal gland. 
· As well, it forms part of the sheath of myelinated nerves.
· What's up with phytosterols?
· They are sterols made by plants
· One of them competes with cholesterol for absorption, meaning that less cholesterol is absorbed
 

Digestion and Absorption of Dietary Lipid

· The Digestion of Lipid
· Reproduce Figure 5.7, pg. 100 along with COMMENTARY.
· What's up with micelles?
· The products of lipid digestion (monoglycerides, long chain fatty acids, PL remnants, CHOL) together with bile salts form into true micelles
· 20 or so FA and MG per droplet. 
· The droplets of TG emulsified by bile earlier in digestion are about 100 diameters larger, containing tens of thousands TG molecules.
· The micelles carry the fats to the intestinal wall for absorption.
· Absorption of Lipid
· Firstly, how do long chain fatty acids differ with respect to short/medium chain FA's?
· Long chain FA's are INSOLUBLE so they have to be absorbed by the micelle way
· However, short/medium chain FA's are more variable in this area so there are other ways we can take care of them
· Know Figure 5.8, pg. 102.
· How do short/medium chain FA's and glycerol get absorbed?
· The FA's get absorbed both in the stomach and the duodenum, after which they go through the blood (CARRIED ON ALBUMIN) to the liver
· Glycerol goes to the liver, no carrier needed baby
· And what happens to micelles?  Why is this necessary?
· These guys are small enough that they can get into the mucosal cell by PASSIVE DIFFUSION
· This occurs in the JEJUNEM
· After it gets in, the contents of the micelle all separate and are RE-FORMED
· Short/medium chain FA see above
· Long chain FA + monoglyceride = triglyceride
· PL remnants -> PL
· Cholesterol -> cholesterol ester
· All this reformation is necessary so that they don't reverse course and go back to where they came from!
· What happens next?  Discuss the structure of this.
· See Figure 5.9, pg. 103.
· All that reformed stuff gets assembled into a CHYLOMICRON, which is a kind of LIPOPROTEIN
· A chylomicron has…
· Outer surface coat exposed to the water medium of the cell and blood and an inner hydrophobic core. 
· The coat is mainly PL (not bile salts as in digestion) with some free CHOL.
· Associated with the coat are apolipoproteins, aka APOPROTEINS. 
· These include apoA, apoB, apoC, etc. 
· Some apoproteins cross the PL coat while others are attached to the outer surface. 
· Specific Lp apoproteins identify the Lp to body tissues, allowing specific roles for the Lp…others modify/control lipoprotein function
· In the core of the chylomicron there are hydrophobic lipids, TG and CHOL esters.
· What is the role of the chylomicron?  Where does it go?
· The chylomicron, formed in the mucosal cell, passes into the lymph and on to the general circulation where it is carried past body cells including the liver. 
· The role of the chylomicron is to transport exogenous lipid to the cells of the body.
· After it has delivered its lipids and is just a CHYLOMICRON REMNANT, it goes to the liver and is disposed of there
 

Transport of Lipids

· Explain the classification of lipoproteins based on density/composition/size.
· OK, the idea is that ANY lipoprotein contains: TG, CHOL (mainly as esters), PL, and PRO but in differing amounts by weight: the fats are light while PRO is heavy. 
· Thus as the composition of the LP changes, so too will the DENSITY and overall SIZE (all related concepts)
· The different lipoproteins are as follows, LARGEST TO SMALLEST and also FROM LOWEST TO HIGHEST DENSITY: chylomicrons, very low density lipoprotein (VLDL), low density lipoprotein (LDL), and high density lipoprotein (HDL)
· Besides composition, discuss some of the unique features of each type.
· Chylomicrons: it has apoB-48, which can bind to specific receptors in cell membranes. 
· ApoC is also present to control function.
· VLDL: they have ApoB-100 present to bind to cell receptors and apoC affects function.
· LDL: they have the MOST cholesterol percentage (50%)
· Their signature apoprotein is ApoB-100
· HDL: they have the most protein percentage (40%)
· ApoA gives the HDL its separate identity
· Now talk about the different roles of these guys, and how they even come about in the first place.
· Chylomicrons are made in the mucosal cells after a meal and transport exogenous lipid to the tissues in the blood. 
· VLDL transports liver synthesized (endogenous) TG to the tissues.
· So this is like when we have excess glucose/AA's, and we store it away in the form of fat!
· LDL carry CHOL from the liver to the tissues. 
· They are made from VLDL as the VLDL transfers its TG content to cells -- because as it loses TG, it BECOMES an LDL!
· Some characterize an intermediate Lp between a VLDL and a LDL, an IDL or VLDL remnant.
· HDL has a role opposite of LDL: they carry tissue cholesterol to the liver for clearance.
· Discuss a special LP that has a role in the development of atherosclerosis.
· It is called Lp(a) and it is a modified LDL: it has an extra hunk of protein, apo(a), attached
· This PRO mimics growth and clotting factors and accelerates atherosclerosis.
· While mainly genetic factors determine individual levels of Lp(a), very high trans FA consumption is believed to increase blood concentration.
· Know Figure 5.10, pg. 105
· Explain the route of ENDOGENOUS fat in the body.
· The liver synthesizes TG and CHOL from CHO and PRO and modifies fat from the chylomicron remnants.
· This TG and CHOL is incorporated in VLDL with its apoB-100.
· VLDL drop the TG off at various tissues and become VLDL remnants or IDL.
· IDL are cleared by being taken up by the liver or turned into LDL.
· When most TG has been lost to cells, a IDL becomes a LDL.
· LDL are taken up by all body tissues where CHOL is released and used.
· The liver can and does take up LDL. Hence recycling is occurring at all times.
· And what about the fate of tissue cholesterol?
· Circulating, empty HDL are loaded with CHOL esters from the tissues. 
· If this FA is a PUFA, then even better because the CHOL is more soluble and packs better in the HDL.
· In the blood, HDL-CHOL is transferred to IDL (which becomes LDL) for liver clearance -- i.e. LDL takes it to the liver!
· An enzyme, LCAT, is responsible for this…the "L" stands for lecithin as a FA of this PL is involved.
 

Lipid Metabolism

· Talk about lipid metabolism, anabolic-wise.
· Chylomicrons and VLDL levels are high in the blood after a meal, so they go to drop off lipids at cells with the right receptors. 
· Receptors are PRO and are formed on the capillary membrane over cells that need energy or can store TG. 
· Adipocytes in particular have a high receptor density -- the apoB of the chylomicron and VLDL bind to the receptor. 
· The receptor contains Lp-lipase which is activated by apoC. 
· This causes TG in the Lp is broken down to FA and absorbed into the adipocyte.
· Glycerol from the hydrolysis travels to the liver where gluconeogenesis removes it.
· At the fat cell, lipogenesis occurs as three FA and glycerol form TG.
· Chylomicron remnants and IDL result as their TG content drops.
· LDL are formed also, and they are now the primary carriers of cholesterol…
· So when cells require CHOL, LDL receptors cycle to the cell membrane to cause LDL to enter the cell by endocytosis and be attacked by hydrolytic enzymes, releasing CHOL to the cell.
· Talk about lipid metabolism, catabolic-wise.
· When energy is requires as in fasting, in the fat cell lipolysis is favoured: TG is broken down to three FA and glycerol.
· Glycerol travels in the blood to the liver where it is a precursor for gluconeogenesis.
· FA is bound to albumin for transport to all body cells for energy (oxidation).
· Epinephrine, norepinephrine, and growth hormone stimulate lipolysis and, being catabolic, are counter-regulatory to insulin.
· Discuss the 2 kinds of fat in the body.
· Functional fat
· This is when it is participating in an active way - i.e. structural, a component (PL) of membranes, nerves, cells, and mitochondria, for example. 
· The lipoproteins are unsurpringly part of this functional compartment. 
· Also there are lipids, which are precursors to eicosanoids or local hormones, hormones and vitamin D.
· Variable fat 
· OK, this is storage fat -- i.e. adipocytes, which are cells specialized for this purpose. 
· These cells form depots around deep blood vessels, organs in the abdominal cavity and just under the skin (subcutaneously).
· In normal weight individuals, about 50% of all fat is stored subcutaneously. 
· Genetics and sex determine to some extent the topography of how the storage depot is distributed over the body.
· Here, besides storing energy, the fat cushions against mechanical shock and insulates for changes in temperature. 
· Discuss the 2 major fat-distribution patterns.
· GYNECOID (aka peripheral, gluteal-femoral, or just plain pears):
· It is typical of females. 
· The fat is subcutaneous on the lower part of the body in the "butt" and hips. 
· It appears this depot is to assure energy stores for a successful pregnancy and nursing period for the new-born because the cells respond to different neural and hormonal stimuli than other compartments. 
· Thus large stores here are NOT ASSOCIATED with deleterious health states.
· ANDROID (aka central, abdominal, apple-like):
· It is typical for males. 
· Fat surrounding the organs of the abdomen and thorax and subcutaneously over the belly is associated with health risk. 
· A simple measure of the waist to the hip can predict health risk: this is the waist to hip ratio (WHR). 
· Risk is present in males when WHR > 1, and for females when WHR > 0.8.
· What are SOME (read: not all…just the ones that might not have been "obvious") roles of the liver in lipid metabolism?
· It elongates short- and medium-chain FA to 16 - 18 C's in length because these are more efficiently stored.
· It desaturates FA (adds C=C bonds).
· It makes CHOL from SFA, especially with chain lengths up to 16 C's. 
· The liver can make up to 2,000 mg CHOL daily. Our diet may contain 500 mg CHOL.
· It makes PL.
 

Functions of Fat

· Fat in the Diet
· What are some roles of fat in the diet?
· Fat provides the most concentrated source of energy.
· Fat makes the diet palatable, enhances taste, and carries many flavour agents.
· Fat provides satiety value, a sense of fullness, to the meal. 
· It slows digestion, absorption, and delays the onset of hunger.
· Fat is a carrier for the fat-soluble vitamins, A, D, E, and K.
· Fat aids in the absorption of the fat-soluble vitamins.
· Fat is the source of linoleic and "-linolenic acids, the essential fatty acids.
· Fat can supply EPA, DHA, and gamma-linolenic acid, GLA.
· NOTE: This is different than the previously discussed ALPHA-linoleic acid…gamma-linoleic acid is produced from linoleic acid by humans.
· Fat in the Body
· What are some roles of fat in the body?
· TG are the energy stores or reserves and provide energy during famine, starvation, prolonged activity, and fasting.
· PL and CHOL are structural components of membranes and nerves.
· Fat depots reduce or prevent mechanical shock to internal organs.
· Subcutaneous fat insulates the body and resists excessive heat loss or gain.
· The essential fatty acids promote growth and prevent some types of dermatitis.
· CHOL is a precursor for vitamin D, the bile salts, and sex and adrenal gland (corticoids) hormones.
· Linoleic and linolenic acids serve as precursors to the eicosanoids which are regulators of body function.
· Talk about how plants and animals differ when it comes to all of this.
· See Figure 5.13, pg. 111
· Basically the idea is due to enzyme presence or whatnot, the way that PLANTS and ANIMALS metabolize fatty acids DIFFERS:
· It all starts with acetyl-CoA, which is a 2-carbon molecule that we cut off from an FA
· Plants convert (NOT HUMANS) convert this to oleic acid and then linoleic acid
· From here, assuming that the humans eat these plants so they have linoleic acid too, we go in different directions -- see Figure and fill in notes manually!
· The last thought is that VEGETABLE OILS have a lot of this valuable linoleic acid, while the EPA later on in the plant sequence is found a lot in fish
· Experts recommend 2-3 fish meals per WEEK for this
· Vegetable oils being: olive, corn, soy, canola, sunflower, safflower…
 

Fat Consumption Recommendations

· What are the 3 consumption recommendations for fat?
· Diet should include 20 to 35% of total energy as fat…no more than 10% should be SFA
· The ratio of PUFA:MUFA:SFA should be 1:1:1
· The ratio of omega6:omega3 fats should be from 5:1 to 10:1
· How are we doing with respect to those?  How does the Food Guide attempt to change this around?
· We're at around 38% fat energy, and our PUFA:SFA ratio is a sad 0.5
· We can change this by eating more veggies, fruits, and grain products
· Translate all of this to omega-6 PUFA and omega-3 PUFA recommendations.
· Omega-6 should be 5% of energy (17 g male, 12 g female)
· Omega-3 should be 1% of energy (1.6 g male, 1.1 g female)
· KNOW HOW TO DO THE CALCULATIONS ON PG. 113
· If we shift away from SFA, what's the best place to go!
· MUFA!  Not PUFA -- because PUFA can easily be oxidized and cause tumors
 

Coronary Heart Disease

· Introduction
· Quick facts on CHD?
· CHD is the number one North American killer disease. 
· Rates of CHD and stroke mortality for both males and females have dropped dramatically in the past decade. 
· CHD is multifactorial in nature and is progressive.
· Atherosclerosis
· Well, what is it!?
· It is when CHOL-laden lesions get formed in the arteries of the HEART…it is basically the accumulation of lipid and other material 
· The condition progresses through stages: it starts early in life as fatty streaks along the inner artery walls and gradually, over years, these deposits move and grow.
· How is all this related to cholesterol CONTENT in blood?  How does this lesion formation work?
· See Figure 5.14, pg. 114
· High blood CHOL is associated with atherosclerosis - more specifically, the cholesterol that LDL carries. 
· So let's say...LDL receptors on the liver may not function properly or be inhibited (perhaps due to genetic malfunction)
· This results in less of an ability to "clear" IDL and LDL, both of whom carry high levels of CHOLESTEROL!  So instead the LDL's go to OTHER SITES… 
· At these other sites there are MONOCYTES, which are white blood cells that are part of the inflammatory response and contain hydrolytic enzymes. 
· They become tissue macrophages that engulf LDL and make it into a FOAM CELL.
· Then all 3 things like a happy family -- monocytes, macrophages, and foam cells -- lodge in the endothelial cell lining and smooth muscle layer of coronary arteries
· High levels of homocysteine can cause further issues here
· Then for some reason, MORE smooth muscle cells invade the region and even more CHOL is deposited…soon our mass is called NECROTIC TISSUE
· And it HARDENS because calcium and other minerals come along to play…and now are a called a PLAQUE
· Once it is a PLAQUE, a few things can happen:
· If it ruptures, we are oh so screwed because we get a THROMBUS (blood clot) which cuts off all flow - i.e. heart attack!
· If it continues to grow, it will take up more and more space until blood flow through the artery can be inhibited (causing ANGINA) or cut off (HEART ATTACK)
· What kind of RISK FACTORS exist for CHD?
· Genetics, or more specifically HEREDITY
· Gender: it is more risky to be male, although post-menopausal women are also at high risk
· External environment: think SMOKING!
· Hypertension: this stresses the artery walls, which quickens the onset of atherosclerosis…which makes more hypertension…it's a VICIOUS CYCLE I tell you!
· Glucose intolerance/diabetes
· Obesity -- because it is associated with hypertension and insulin insensitivity
· Stress
· Lack of exercise
· High homocysteine (discussed earlier)
· Which blood lipid profiles are BAD for CHD?
· High LDL/low HDL, High VLDL/low HDL
· In general, if you have high HDL then you are fine -- even if the others are HIGH
· Current Thinking on Diet-Heart
· First of all, what is the justification for our recommendations?
· The justification is that clearly a high level of blood cholesterol is associated with CHD, so we need to reduce that in our diet by:
· Lower TG intake
· Lower CHOL intake
· A TARGET level for serum (i.e. blood) CHOL is 4.9 millimolar/liter
· So what are the recommendations?
· Complex CHO between 55-60% of total energy
· More vegetables and fruits
· Fat below 30%
· SFA and PUFA below 10% (again MUFA comes out on top!)
· Some omega-3 from fish and α-lineoLENIC acids from plants
· What is the Ornish diet, and what criticisms has it received?
· He basically recommends cutting fat WAY down and boosting up carbohydrates
· However, it is criticized because:
· Not complete nutrition
· Proof for reversal of atherosclerosis is sketchy
· Drastic fat reduction lowers HDL and raises VLDL, which is BAD NEWS
· High CHO diets are hard for diabetics
· Drug Management
· Discuss the two types of drugs which have been used to reduce CHD.
· See Figure 5.16, pg. 118
· First type:
· We use an ion-exchange resin which binds bile salts so normal recycling of the bile salts is blocked and the bile salts are excreted. 
· To replace the lost bile salts the liver makes more LDL receptors, taking up more LDL, lowering circulating levels, and obtaining LDL-CHOL.
· Second type:
· We use "statins", which are inhibitors of the rate-controlling enzyme of CHOL synthesis. 
· With CHOL synthesis blocked and the recycling of bile salts also stopped, the liver is forced to make even more LDL receptors to obtain needed CHOL.
· And this is good because more LDL receptors mean more cholesterol delivered to the liver for CLEARANCE
· New Insights
· Skip for now…
· YOU SHOULD KNOW ABOUT THE DIFFERENT REACTIONS THAT FATTY ACIDS CAN UNDERGO…(from earlier in the Topic)
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Topic 6 - Protein: Amino Acids

 

Introduction

· Make some introductory remarks about proteins.
· We consume food PRO, break it down to its building block amino acids (AA) and then reassemble the AA into body PRO of the individual. 
· PRO, comprising about 16% of our body's weight, plays many vital roles since it comes in a great variety of individual compounds. 
· Unlike CHO and fat, there is no storage form of PRO in the body: every one has a function to perform. 
· Talk about the STRUCTURE of proteins (generally).
· PRO's many functions are a direct result of its chemical structure.
· Chemically, PRO contains nitrogen (N) in addition to C, H, and O: some also include sulfur (S). The N can not be used for energy in humans but is used in important non-PRO compounds.
· There are 20 AA which are used to make body PRO. 
· Of these, nine are essential for adults.
 

Chemical Composition

· Amino acids
· Reproduce Figure 6.1, pg. 122 (i.e. do you know the chemical structure of an amino acid?)
· Discuss "R".
· The last group to bond to the central C is shown by the general designation "R", meaning this side group can be many different groups.
· The exact nature of this side group defines both the AA itself and the class of the AA.
· When R = H, the AA is glycine. 
· If R = CH3, alanine is the AA. 
· R might be another acid, a base group or an aromatic ring. 
· R's identity determines if the AA is neutral or aliphatic (glycine, alanine), acidic (aspartic acid), basic (lysine), or aromatic (phenylalanine).
· Hydroxyl AA contain OH's in their side groups. Sulfur AA contain sulfur. A sub-group of the aliphatic AA are the branched-chain AA (BCAA), valine, leucine and isoleucine.
· Reactions of proteins, peptides, and amino acids
· What FIVE reactions are included in this category?
· Condensation
· Hydrolysis
· Deamination
· Transamination
· Disulfide bridge formation
· Discuss each further.
· Condensation
· See Figure 6.2, pg. 123
· Two AA are joined together in a condensation reaction to form a dipeptide and water
· The peptide bond is the backbone of PRO structure.
· Further condensations may occur. A third AA forms a tripeptide, and so on. When 11 to about 100 AA are joined, the compound is termed a polypeptide. Peptides with greater than about 100 AA units are true proteins. 
· The peptide chains have a free amino group on one end, the N-terminus, and a free acid group on the other, the C-terminus.
· Hydrolysis
· The addition of water across a peptide bond splits the bond forming two, smaller peptide chains. 
· Hydrolysis at the N-terminus and C-terminus of peptides forms free AA. 
· This process is seen in PRO digestion (think endopeptidase, exopeptidase)
· Deamination
· See Figure 6.1, pg. 122 (NOT A TYPO)
· Deamination involves the removal of NH3 from an AA to create a keto acid. 
· The amino group and the H are removed and joined to make NH3. 
· NH3 is toxic to the body, so we convert it to the N-containing compound urea which is excreted in urine. 
· Deamination and urea formation occur in the liver. 
· The keto acid resulting from deamination has three fates depending upon from which AA it was derived:
· Some can be converted to glucose (gluconeogenesis)
· Other to fat (lipogenesis)
· All of the C skeletons may be oxidized for energy, if necessary
· Transamination
· See Figure 6.3, pg. 124
· It is the exchange of an amino group on one AA with R', with the keto group on a keto acid with R". 
· This forms a new keto acid, now with R' and a new AA with R".
· Transamination occurs mostly in the liver where it serves to provide the body with a proper mix of AA. 
· In Fig. 6-3 the new AA with R" must be nonessential (think about why)
· Disulfide bridge formation
· See illustration on pg. 124
· One AA, cysteine, contains sulfur in "SH" groups called thiols, similar to alcohols (OH groups). 
· These groups can be oxidized (H2 removed and the AA joined) to make an "--S--S--" disulfide bridge or link. 
· A dimer called cystine is formed: this is important in PRO structure when these AA are present because it fixes PRO chains in folded positions (which provides PRO function).
· The Essential Amino Acids
· Introductory comments?
· There are 20 primary amino acids from which PRO are built. 
· Some AA are also modified after being assembled into a protein
· Several others are found free and not part of PRO. 
· Nine AA must be supplied by diet and thus are essential (indispensable). 
· The others are nonessential (dispensable) in the diet, but are needed and made by the body
· What are the essential amino acids?
· Tryptophan (TRP), valine (VAL), threonine (THR), isoleucine (ILE), leucine (LEU), lysine (LYS), phenylalanine (PHE), methionine (MET), and histidine (HIS). [TV TILL PM, Hooray!]
· Note that in children, arginine (ARG) is also essential since they cannot make it in sufficient quantities
· Explain the idea of something being "conditionally essential".
· It is when an AA can be made from another AA which IS essential.  Thus if we have enough of the essential AA, we don't need to take in some "essential" amount of the conditionally essential AA
· However, the CONDITIONS under which the AA is ESSENTIAL are when that essential AA is not being taken in enough, so there are no excess amounts of it which can be used to make the conditionally essential AA -- in this case it becomes ESSENTIAL
· There are 2 AA's which fit this category:
· Tyrosine (TYR) can be made from PHE.
· Cysteine (½ of a cystine, CYS) and CYS can be made from MET.
· Protein Synthesis
· [Meh]
· Protein Structure
· Explain the 4 levels of complexity for proteins.
· The first level is that of primary AA sequence controlled by the genes in transcription and translation.
· Next is a secondary structure as the PRO folds into helices or sheets. 
· Within one peptide chain, regions alternate between a helices and sheets, held in that array by weak chemical forces between peptide bonds.
· Tertiary: folding continues so regions of the chain and types of AA are forced inwards or are exposed to the outside. 
· Disulfide bridges stabilize this tertiary structure.
· Lastly, in many PRO, two or more peptide chains, each with a 3-D structure, associate together at the quaternary level in a multi-subunit, functional PRO.
 

Digestion, Absorption, and Transport of Dietary Protein

· What enzymes are for proteins?  Discuss these briefly.
· Proteases are the hydrolytic enzymes that digest dietary PRO. 
· They are stored in the special cells that synthesize them in inactive forms and are activated only on release into the GI tract. 
· In that way, the cells do not digest themselves. 
· The mucus covering the GI tract lining protects it from self-digestion. 
· The proteases each act at peptide bonds joining specific AA in the peptide chain or from specific ends of the chain. For complete PRO digestion several proteases are required.
· Discuss the DIGESTIBILITY of PRO.
· Digestibility of PRO varies somewhat with the source. 
· Plants contain fibre and enzyme inhibitors that partially block protease activity. 
· Raw soybeans contain one but cooking denatures it. 
· Raw eggs also have an inhibitor. 
· Other food material can bind tightly with PRO to render it not bioavailable. 
· The undigested PRO is eliminated in the feces.
· Describe what happens to a protein in the GI tract.
· Know Figure 6.4, pg. 127
· STOMACH: 
· The acid (HCl) environment denatures bacteria and other PRO, thus is part of the defense system of the body. 
· It activates the gastric protease, pepsin, and together they effect some PRO hydrolysis. 
· SMALL INTESTINE:
· PRO digestion is completed here, in the duodenum and jejunum.
· The enzymes?  Well…trypsin and chymotrypsin inactive forms originate in the pancreas and enter the SI in the pancreatic juice -- they cleave peptides internally
· Pancreatic carboxypeptidase and other peptidases from the intestinal cells split AA from the ends of the peptides. 
· The net result of PRO digestion is dipeptides, tripeptides and free AA.
· ABSORPTION:
· The AA and di- and tripeptides enter the mucosal cell by active transport, 
· The various classes of AA have their own carrier proteins in the membrane. 
· Each AA within a class competes for the class carrier: the mix of AA in a PRO, then, influences absorption to some extent.
· The di- and tripeptides are split into their constituent AA by peptidases in the mucosal cell.
· The AA enter the portal circulation. Most are picked up by the liver on the first or successive passes.
 

Metabolism of Protein and Amino Acids

· Talk about the TURNOVER associated with protein in the adult body.  Give some numbers…
· The process of continual breakdown and synthesis leading to an apparent static state is TURNOVER.
· Accordingly, adults are stable with respect to PRO: daily breakdown is matched by synthesis. 
· Each day about 3 g new PRO is made per kg body weight (BW) to replace 3 g of old PRO per kg BW. 
· For a 70 kg person 210 g PRO is made daily. Yet daily loss from the body, in urine, feces, sweat, skin, hair, nails, etc., is equivalent to only about 24 g PRO. Therefore AA are recycled and reused to a significant degree.
· Describe and reproduce Figure 6.5, pg. 128.  Organize your answer in terms of concepts.
· AA POOL:
· There is a "pool" of AA's in our body -- they are in the WATER SPACES of the blood and tissues
· When the body needs them, AA leave this POOL and are made into PROTEINS which live in the blood or the tissues
· And of course, when we break down blood/tissue PRO, the AA's go BACK into the "pool"
· Note that AA's from food protein and from the proteins of broken down mucosal cells (rmb they have a short life!) also are part of this POOL
· LIVER:
· Responsible for the metabolism of most (17 of the common ones) of the AA
· Part of this is delivering the correct AA's to the blood so that the other tissues can get them
· Synthesizes (and also DEGRADES!) its own specific PRO and most blood PRO
· The only blood PRO not in the liver is the ones belonging to white/red blood cells
· Synthesizes important non-PRO N compounds (using the N from proteins)
· These include DNA, RNA, choline, ATP, etc.
· Main site for the disposal of excess PRO/excess AA
· Deamination is carried out, and the ammonia is incorporated into urea and purines. 
· Urea is excreted by the kidney in the urine and purines are broken down to uric acid for urine excretion.
· Meanwhile, the keto acids produced in deamination can undergo several reactions. 
· Transamination produces nonessential AA (this is one process by which the liver provides that proper AA mix to the blood -- understand why) 
· Some keto acids are converted to fat and may be stored as TG.
· Some keto acids are converted to CHO and may stored as glycogen
· Discuss the turnover of PRO in the body.
· Specific PRO turnover takes place at different rates:
· Mucosal cell PRO lasts two days. 
· Insulin, a peptide, remains for ten minutes in the blood. 
· Red blood cell PRO take 120 days to be replaced. 
· Thus, nutritionists use a whole body approach to look at the state PRO turnover to see whether synthesis or degradation predominates or not. 
· How do anabolism/catabolism relate to this?
· In anabolism, PRO is being laid down: net PRO synthesis predominates. 
· It is characteristic of growth, youth, pregnancy, overeating, resistance training, and recovery from wasting disease, burns, injury, or bed rest/detraining.
· In catabolism, there is a net loss of PRO. 
· This is found in starvation, low energy diets, fasting, burns, disease, fever, injury and bed rest/detraining. It occurs in aging.
· Explain the "protein hierarchy".
· This is just saying that there is a prioritization of proteins in the body in terms of what they are MOST IMPORTANTLY used for
· Energy supply for survival is the HIGHEST -- so we use the C-skeleton of proteins as an energy source when we need to
· After that, it's all about hierarchy based on what FUNCTION the protein performs
· i.e. Muscle, liver, and blood protein is degraded in favor of brain PRO
· In general, we call the PRO which are sacrificed for other PRO's sake the LABILE PROTEIN RESERVES
 

Functions of Body Protein

· [You already pretty much know these…]
 

Nitrogen Balance

· Why do we do nitrogen-balance studies?
· Nitrogen-balance studies are the classic means of learning about PRO's relationship to the body and determining the essential AA and the amount of them necessary in a diet.
· Explain how they work.
· As the name implies the connection between intake and elimination of N is examined.
· Nitrogen, easily measured, is a surrogate for PRO -- meaning that almost all N in the body, by weight, is in PRO. 
· PRO is about 16% N (16 g N/100 g PRO) and this is constant for all types of PRO.
· We use the exchange factor of 6.25 (i.e. 4 g N * 6.25 = 25 g PRO)
· So N reflects PRO quite nicely and a measure of N can be converted quickly to mean PRO.
· What are some common routes of N loss?
· Urine (82%) -- urine and feces are the major routes
· Feces (12%)
· Sweat (3 - 20%) -- variable based on physical activity and temperature.  When both favor sweat loss, urine loss decreases
· Skin (3%)
· Other: hair, nails, body fluids (1%)
· What are the 3 possible states of N balance?  What does each imply?
· Equilibrium is when Nin = Nout,
· Equilibrium means body PRO content is constant, characteristic of healthy, stable-weight adults. 
· Negative balance is when Nin < Nout
· Negative balance means loss of N and net PRO breakdown: catabolism.
· This state is favored by cortisol, epinephrine, and thyroid hormone
· Positive balance is when Nin > Nout.
· Positive balance means the body is retaining N and there is net PRO synthesis: anabolism.
· This state is favored by insulin, growth homrone, and testosterone (all anabolic things)
· What are some of the downsides to N-balance studies?
· Energy balance influences N balance. 
· There must be sufficient energy for PRO to be used efficiently to replace functional PRO and not used for energy needs. 
· So the energy balance of the participants in experiments is important. 
· It is also VARIABLE: Many in the world are underfed, others overfed and, therefore, have quite different PRO requirements than properly-fed experimental subjects.
· Nitrogen balance is not a minute to minute or even day to day concept: it is averaged over days, weeks and months.
· Being a participant in these experiments is not easy. The protocols are highly disruptive.
· How was human PRO need determined?
· We put them on a diet with NO PROTEIN, but make sure they get enough energy so that they are not breaking down protein to provide it
· We will soon see them develop a stable level of per-day Nitrogen (again, i.e. protein) loss…this comes from normal body functions that use up protein
· This is called the BASAL LEVEL, or the OBLIGATORY N LOSS
· So obviously, in order to be in perfect equilibrium (inputting only as much as we need in order to replace what we lose), we have to eat an amount of protein to match that basal level!  Easy.
· How did we differentiate between metabolic and endogenous protein breakdown?
· Once we know what that basal level is (RECALL: this is entirely made up of endogenous proteins, because we were on a NO PROTEIN DIET), we can start eating some protein
· And then we again measure how much came out…it will obviously be more than the previously measured basal level…but the idea is that the difference is all from METABOLIC protein!  Awesome.
· What is the "all or none" principle for protein synthesis?  What is the LIMITING AA?
· All the constituent AA needed to build a particular PRO must be in the AA pool or the PRO does not get synthesized. 
· The AA in the shortest supply with respect to human needs is the limiting AA. 
· There may be plenty of the other AA available but they can not be used, so they are DEAMINATED and then C used for energy and N in urine. 
· How were the identity and amount of essential AA discovered?
· So again, let's start from an adult who has been on the NO PROTEIN diet for some time…every day, he is LOSING proteins from his body and they are NOT getting replaced
· So if we feed him some protein, he's going to use it to replenish his protein supply INSTEAD of excreting it --- so the BASAL LEVEL OF OBLIGATORY N LOSS will not change
· HOWEVER…this is ONLY true if the protein we give him has amino acids which HE NEEDS to make those proteins he is missing!  If there are unnecessary amino acids, they WILL be secreted because he has no use for them!
· Thus a "perfect", or COMPLETE, PRO is one which has the type of content of AA which is ALL USED by the body
· An "imperfect" PRO is one which DOES NOT have the necessary amino acids
· This means that even if it DOES have necessary amino acids, they will be of no use and thus excreted as waste
· ANYWAYS…so if we feed different people an amino acid complement that differs by one amino acid for each person, we can see which people get an INCREASE in their N-out's…because if they do, I guess that AA was UNNECESSARY, i.e. non-essential!
 

The Limiting Amino Acid

· Talk about some different foods and which essential amino acids they are low-ish in.
· In general, PRO from vegetables and legumes are poor in MET 
· Although legumes are rich in LYS, TRP and THR 
· Grains, nuts and seeds are poor in LYS. 
· However grains, nuts and seeds are rich in MET.
· Corn is poor in LYS and TRP. 
· Some grains are poor in both THR and LYS. 
· Soy is poor in MET.
· …and how does this affect the "protein quality" of each food?
· Again - it comes down to the amino acid of the smallest amount controlling how much PRO can be made!  So if a food is REALLY LOW in one AA, it's pretty much game over…
· Talk about varied AA profiles.
· The idea is just that people's NEED for specific AA change, i.e. because they need more or less of certain proteins
· Pregnancy, nursing, age, etc. are all factors
 

Protein Quality

· Introduction
· So what are the 2 criteria for determining quality of a protein?
· Completeness -- discussed this already
· Digestibility -- A high quality PRO is efficiently digested.
· The AA mix in competition for absorption carriers and the fibre and antinutrient influence digestion.
· Biological Value
· What is the expression for BV?
 

 

 

 

 

· Explain.
· OK we have to think about different things that can happen to AA/PRO in the body, and what the significance is behind the ROUTE which they take out of the body
· Fecal N, or Nfecal, is metabolic N from sloughed cells, digestive PRO, bacteria and blood. 
· Urine N, or Nurine, is from body PRO breakdown
· (That is during a 0-PRO diet.)  When we add some protein -- say a test protein we are trying to figure out, these values will change -- specifically, if any of the AA's in the protein are unusable for reasons given earlier, Nurine will increase because of the excess urea - the deamination product.
· So that is the reason why we have Nurine in the numerator but not in the denominator
· The reason why we have Nfecal there is because we only want to calculate a percentage based on AA which were actually ABSORBED -- i.e. we want a ratio of (absorbed AND retained for use):(absorbed)
· And so we subtract Nfecal from the numerator and denominator because Nfecal represents the AA that doesn't even get absorbed…
· KNOW HOW TO DO THE CALCULATIONS…pg. 136
· What is considered a good BV?
· Anything over 70 is great as long as we are also getting enough energy
· Egg white PRO has 100, which is freaking awesome
· Net Protein Utilization
· What is the expression for NPU?
 

 

 

 

 

· What the deal?
· So this guy measures both completeness AND digestibility
· So here on the denominator we don't use the Nfecal amount because now we are NOT concerned with only the AA's that are ABSORBED
· We are concerned with the AA which are taken in at all -- we want to measure how much of it even got absorbed (i.e. digestibility) and then used (completeness)
· Amino Acid Score
· What is the expression for AAS?
 

 

 

 

 

· What the deal?
· It is a calculation for the PRO's limiting AA -- how much of it is there compared to how much of it we NEED?
· We do comparisons to a "reference PRO" number that is DIFFERENT for different population groups
· Protein Efficiency Ratio and Protein Digestibility-Corrected AA Score
· What is the protein efficiency ratio?
· The protein efficiency ratio (PER) is a growth measure which has been used for labelling purposes in the North America. 
· Growth rates of laboratory animals are measured when they are fed a single source of food PRO. 
· What is the Protein Digestibility-Corrected AA Score?
· The Protein Digestibility-Corrected Amino Acid Score (PDCAAS) is now used on labels for protein quality score INSTEAD OF protein efficiency ratio. 
· The test PRO's amino acid score (for pre-schoolers) is corrected for the true digestibility of the PRO and used for food labels.
· What trends do we see after using all these tests?
· Animal source PRO is of higher quality than plant source across all measures. 
· This trend is understandable because animal PRO has AA profiles closer to our own. 
· But we do also see that the various measures do differ and anomalies appear. 
· In amino acid score measures, different "ideals" are chosen. For BV and NPU, the methods are difficult. 
· The biggest fallacy is that we eat only a single PRO-source food. Of course we eat a
mixed and varied diet. It is the overall quality of total diet PRO that matters.

 

Recommended Daily Allowance for Protein

· OK give it to me baby…
· The DRI, an RDA, for protein is based on N-balance studies with statistical refinement.
· A healthy state is assumed. Then adjustments are made for particular needs such as growth, pregnancy and lactation.
· EAR: 0.66 g/kg/day, RDA: 0.80 g/kg/day
· Note that athletes can get up to 1.6 g/kg/day because they are building up muscle
· 10-35% energy from PRO
 

Protein Deficiencies and Excesses

· What is the overall name for protein deficiency diseases?
· Protein energy malnutrition (PEM). 
· It can range from PRO deficiency with (just) adequate energy to a condition where both PRO and energy are deficient.
· In either case, children are the most susceptible because they can't store nutrients as well so they need to be constantly ingesting them
· Discuss kwashiorkor.
· This is a classic disease of PRO deficiency with energy ADEQUATE
· When the first born is weaned from mother's milk after the second child is born, suddenly a PRO rich diet is replaced by starchy foods, satisfactory in energy but poor in PRO. 
· Symptoms include growth failure, edema, fatty liver, apathy and irritability, and hair colour and texture change. 
· Infections occur readily. 
· There is some subcutaneous fat. 
· Edema is especially noticeable as swollen bellies. 
· Blood PRO levels are insufficient to hold water in the blood vessels. 
· Water balance is disturbed and water accumulates in the interstitial space. 
· Immune PRO are compromised.
· And how about marasmus?
· This is characterized by severe wasting, no body fat, failure to grow, no edema, no fatty liver, and a wise old face on a two-year-old. 
· Recent opinion suggests that these diseases are just stages in the same disease and it may be related to toxins in the diet which inhibit protein synthesis.
· How can protein EXCESS be bad?
· Some of the concern is based on the predominance of meat and dairy as the PRO source. 
· These sources tend to be high in fat and squeeze grains, vegetables and fruits from the diet. 
· At one time it was thought that excessive PRO intake would cause urinary calcium loss, contributing to osteoporosis. 
· Animal foods contribute much phosphorus and phosphorus and calcium are excreted together…but this is OK as long as calcium intake is proper
· PRO excess stresses the liver and kidney to rid the body of the N from the excess AA.
· This is a real concern in infants. The urine output is high enough to be dehydrating.
· What are some food sources of PRO?  How about vegetarian diets?
· He says study the text!  You'd better!
· Explain the concept of "complementarity" or "mutual supplementation".
· See Table 6.2, pg. 141
· This is talking about combining PRO effectively to improve the quality of the PRO.
· Peanuts, a legume, and wheat as a peanut butter sandwich, provides complementary PRO as the AA strengths and weakness of each are balanced out. 
· Black beans and rice, or tofu, vegetables and rice are other examples. Adding some high quality PRO to a diet of poor quality PRO improves the overall PRO quality. 
· This is why vegetarians are OK…as long as they have enough energy intake so that proteins aren't being sacrificed to make energy!
· Note that this "complementarity" DOES NOT have to be done at the SAME MEAL!  It can be done the same day…
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Topic 7 - Water, Vitamins, and Minerals

 

Introduction

· What are the water-soluble vitamins?
· The B vitamins:
· Thiamin, riboflavin, niacin, pantothenic acid, biotin, folate, vitamin B12, and vitamin B6
· Vitamin C
· What are the fat-soluble vitamins?
· Vitamins A, D, E, K
· Also will be discussing:
· Iron
· Choline
· General comments on water-soluble vitamins?
· Fill this in
· General comments on fat-soluble vitamins?
· Fill this in
 

Thiamin

· What is the DRI?
· 1.2 mg/day men, 1.1 mg/day women
· What are the chief characteristics/functions in the body?
· Part of coenzyme TPP (thiamin pyrophosphate) used in energy metabolism
· Also has a role in nerve function
· What is the classic deficiency disease?
· Beriberi
· What are the specific/unique symptoms of the disease?
· Reflect the role of thiamin in energy metabolism: weakness, painful calf muscles, mental confusion, nervous tingling, edema, enlarged heart
· What are the symptoms of its toxicity?
· None
· What are some significant food sources?
· Easily destroyed by heat and oxidation
· NOT milk
· Pork and sunflower seeds
· Grain products
 

Riboflavin

· What is the DRI?
· 1.3 mg/day men, 1.1 mg/day women
· What are the chief characteristics/functions in the body?
· Part of FMN (flavin mononucleotide) and FAD (flavin adenine dinucleotide), coenzymes used in energy metabolism (electron transport chain)
· What is the classic deficiency disease?
· Ariboflavinosis
· What are the specific/unique symptoms of the disease?
· Inflamed tongue, cracks around the mouth
· What are the symptoms of its toxicity?
· None
· What are some significant food sources?
· Easily destroyed by light (but NOT heat or oxidation)
· Milk products (milk containers opaque to protect against destruction of riboflavin)
· Liver, mushrooms, vegetables
· Flours
 

Niacin

· What is the DRI?
· 16 mg NE/day men, 14 mg NE/day women
· What are the chief characteristics/functions in the body?
· Part of coenzymes NAD and NADP used in energy metabolism
· Can be made from tryptophan
· What is the classic deficiency disease?
· Pellagra
· What are the specific/unique symptoms of the disease?
· 4 D's: dermatitis, diarrhea, dementia, and death
· What are the symptoms of its toxicity?
· Dilating blood vessels, itchy/red skin
· What are some significant food sources?
· Meats
· Fish
· Cereal
 

Folate

· What is the DRI?
· Don't need to know
· What are the chief characteristics/functions in the body?
· Part of coenzymes THF (tetrahydrofolate) and DHF (dihydrofolate) used in DNA synthesis
· THF/DHF allow one-C unit transfer
· Vitamin B12 required to activate THF
· Also used to convert PHE -> TYR, make heme, make choline
· What is the classic deficiency disease?
· Some sort of anemia
· Neural tube defect in infants
· What are the specific/unique symptoms of the disease?
· Megaloblastic/macrocytic anemia: immature, nucleated cells formed as a result of reduced DNA synthesis
· What are the symptoms of its toxicity?
· Can mask a Vitamin B12 deficiency
· What are some significant food sources?
· Susceptible to heat, UV light, oxidation
· Grains
· Vegetables
· Legumes
 

Pantothenic acid

· What is the DRI?
· Don't need to know
· What are the chief characteristics/functions in the body?
· Part of coenzyme A which is used in energy metabolism
· Part of a protein which carries fatty acids along synthetic pathways
· What is the classic deficiency disease?
· None
· What are the specific/unique symptoms of the disease?
· None
· What are the symptoms of its toxicity?
· None
· What are some significant food sources?
· It is everywhere!
 

Biotin

· What is the DRI?
· Don't need to know
· What are the chief characteristics/functions in the body?
· Part of a coenzyme used to transfer CO2 within many different metabolic pathways: energy metabolism, fat synthesis, amino acid synthesis, etc.
· What is the classic deficiency disease?
· None because dietary biotin supplemented by biotin produced in the GI tract from bacteria
· What are the specific/unique symptoms of the disease?
· ?
· What are the symptoms of its toxicity?
· None
· What are some significant food sources?
· Cauliflower
· Egg yolks (but must be cooked so that avidin does not bind to and inhibit absorption of biotin)
· Liver
 

Vitamin B6

· What is the DRI?
· Don't need to know
· What are the chief characteristics/functions in the body?
· Part of PLP (pyridoxal phosphate) and PMP (pyridoxamine phosphate) which are used in amino acid and fatty acid metabolism
· Helps to synthesize the heme group in hemoglobin, white blood cells, and 3 neurotransmitters
· What is the classic deficiency disease?
· None
· What are the specific/unique symptoms of the disease?
· Anemia (lack of blood cells)
· Convulsions
· What are the symptoms of its toxicity?
· Foot and hand numbness; difficulty walking
· What are some significant food sources?
· Meat, fish, poultry, eggs
· Vegetables
· Bananas, cantaloupe, broccoli, spinach
 

Vitamin B12

· What is the DRI?
· 2.4 ug/day (both men and women)
· What are the chief characteristics/functions in the body?
· B12 is a global name for a group of similar compounds that have cobalt at the center
· Activates THF, which is important in the development of RBC's in bone marrow
· What is the classic deficiency disease?
· Primary deficiency rare
· Secondary deficiency: pernicious anemia (if intrinsic factor screwed up)
· What are the specific/unique symptoms of the disease?
· Megaloblastic/macrocytic anemia: immature, nucleated cells formed as a result of reduced DNA synthesis
· Neural damage because B12 necessary to make myelin sheath
· What are the symptoms of its toxicity?
· What are some significant food sources?
· Only animal foods: meat, fish, poultry
 

Vitamin C

· What is the DRI?
· 90 mg/day men, 75 mg/day women
· What are the chief characteristics/functions in the body?
· Characteristics:
· It is water-soluble so there is a "pool" of it in the water spaces
· This pool can be saturated if we have more than 100-150 mg/day
· It is concentrated in the liver, spleen, and adrenals
· Physical stress causes it to be excreted more
· It is essentially 2 compounds with a redox relationship: ascorbic acid and dehydroascorbic acid
· Functions:
· Ascorbic acid is used as a reducing agent to:
· Handle free radicals (as an antioxidant it protects vitamins A & E in lipid membranes from being oxidized)
· Interact with iron (Fe) to allow for hydroxylation reactions for collagen synthesis (major), bile salt formation, carnitine synthesis
· Interact with iron to make it more bioavailable
· It is also involved with neurotransmitter and hormone synthesis
· What is the classic deficiency disease?
· Scurvy
· What are the specific/unique symptoms of the disease?
· Scurvy takes 55 days without Vitamin C to see symptoms because that's how long it takes for the Vitamin C pool to be exhausted
· Symptoms: weakness, soreness, loss of appetite, hemorrhages (due to collagen-poor blood vessels) below the skin, in the guns, etc.
· What are the symptoms of its toxicity?
· Nausea, cramps, diarrhea…
· What are some significant food sources?
· Firstly note that it is VERY UNSTABLE:
· Light, air, and heat can all oxidize it (esp. in the presence of metal or alkali)
· It is the MOST EASILY DESTROYED of all vitamins
· Fruits: citrus, strawberries, kiwi fruit, cantaloupe
· Vegetables: broccoli, bok choy
 

Vitamin A

· What is the DRI?
· 900 ug RAE/day men, 700 ug RAE/day women
· What are the chief characteristics/functions in the body?
· Characteristics:
· It is 3 related compounds: retinol, retinal, and retinoic acid
· Retinol/retinal a redox couple
· Conversion to retinoic acid is irreversible
· Since it is a fat-soluble vitamin, it is taken up in chylomicrons and ultimately the retinyl esters are stored in the liver
· When they are needed, they travel to target tissues through the blood while bound to retinol-binding protein
· Functions:
· May prevent some cancers (this has raised a lot of interest and has caused many people to take it)
· Vision (form part of the rhodopsin in the rods)
· Makes mucus to keep epithelial tissues moist (i.e. the cornea of the eyes)
· Stimulates osteoclasts and thus affects bone growth; teeth spacing
· What is the classic deficiency disease?
· Hypovitaminosis A
· What are the specific/unique symptoms of the disease?
· Deficiency can cause infection, blindness, and death in children
· In particular night blindness (the photoreceptor RODS aren't working)
· Xerophthalmia ("dry eye")
· Keratinization (cells dry out and harden)
· This makes them susceptible to bacterial invasion
· What are the symptoms of its toxicity?
· Birth defects
· Damage to liver, bone, eyes
· What are some significant food sources?
· Fruits and vegetables: dark yellow, orange, deep dark green
· Margarine/milk
· Liver
 

Vitamin D

· What is the DRI?
· 5 ug/day (men and women)
· What are the chief characteristics/functions in the body?
· Characteristics:
· It is the "sunshine" vitamin because our bodies can make it ourselves given sunlight…a process which goes like this:
· Liver converts cholesterol to 7-dehydrocholesterol
· 7-dehydrocholesterol goes to the skin
· UV light changes 7-dehydrocholesterol to provitamin D3
· Provitamin D3 goes to the liver
· Liver converts provitamin D3 to 25-OH D3
· 25-OH D3 goes to the kidney
· Kidney converts it to Vitamin D3, aka calcitriol
· Functions:
· Vitamin D3 is important in calcium metabolism (as you know)
· Stimulates Ca binding protein to cause increased Ca absorption in the SI
· Controls Ca and P (phosphorus) metabolism through a CONSERVATORY role
· What is the classic deficiency disease?
· Rickets
· Rachitic rosary
· What are the specific/unique symptoms of the disease?
· Weak bones cause bowed legs and misshapen skulls
· Bones of the ribs are poorly attached to the cartilage thus they appear to be beaded - hence the name "rachitic rosary"
· What are the symptoms of its toxicity?
· Mineralization occurs: Ca deposits in soft tissues (blood vessels, kidneys, heart, lungs, etc.)
· What are some significant food sources?
· Animals: called cholecalciferol (D3)
· The animals make it into D3 for us
· Plants: called ergocalciferol
 

Vitamin E

· What is the DRI?
· 15 mg/day D-α-tocopherol (both men and women)
· What are the chief characteristics/functions in the body?
· Characteristics:
· Vitamin E covers 2 chemical families (tocopherols and tocotrienols)
· D-α-tocopherol is the most potent, so anytime you see Vitamin E content, multiply it by 0.8 to find the EFFECTIVE amount of D-α-tocopherol, because the DRI is given in terms of D-α-tocopherol
· Effectiveness of Vitamin E supplements is questioned because they can cause GI disturbances
· Functions:
· Acts as an antioxidant in lipid membranes (since it is lipid-soluble)
· In particular, it protects PUFA from lipid peroxidation and so when we eat more PUFA, we should correspondingly increase Vitamin A intake
· "Scavenges" for free radicals, especially in the lungs and red blood cells
· Protects Vitamin A in membranes with the assistance of Vitamin C
· What is the classic deficiency disease?
· Difficult to induce…
· What are the specific/unique symptoms of the disease?
· This is why RBC fragility (when RBC's rupture easily and cause hemolytic anemia) is a sign of Vitamin E deficiency
· What are the symptoms of its toxicity?
· Relatively non-toxic…
· What are some significant food sources?
· 3 tablespoons of safflower oil/day is great
 

Vitamin K

· What is the DRI?
· Don't need to know…
· What are the chief characteristics/functions in the body?
· Functions:
· Helps with blood clotting (hence the "K" for coagulation or "koagulation")
· It does this by working with calcium to convert prothrombin to thrombin, which is able to create fibrin to form the clot)
· What is the classic deficiency disease?
· Rare
· What are the specific/unique symptoms of the disease?
· Rare
· What are the symptoms of its toxicity?
· Rare
· What are some significant food sources?
· It is MADE in the GI tract by bacteria
· It can be found in liver, green leafy vegetables
 

Calcium

· What is the DRI?
· 1000 mg/day (this is an AI…)
· What are the chief characteristics/functions in the body?
· Characteristics:
· [Perhaps grab some stuff from the Course Notes if time…]
· Functions:
· Mineralization of bones and teeth
· Muscle contraction
· Nervous functioning
· Blood clotting
· Etc…
· What is the classic deficiency disease?
· Osteoporosis (?)
· What are the specific/unique symptoms of the disease?
· Weak, easily breakable bones
· But also realize that other functions of Ca may be compromised…
· What are the symptoms of its toxicity?
· Constipation
· Increased risk of urinary stone formation and kidney dysfunction
· What are some significant food sources?
· Milk products
· Fish, tofu, greens…
 

Choline

· What is the DRI?
· Don't need to know…
· What are the chief characteristics/functions in the body?
· Characteristics:
· It is made in the body from serine and methionine (thus some say it is not essential while others say that it is, since we can't make enough of it)
· Functions:
· Part of acetylcholine
· Also part of the phospholipid lecithin
· What is the classic deficiency disease?
· What are the specific/unique symptoms of the disease?
· Liver damage
· What are the symptoms of its toxicity?
· Body odor, sweating, salivation…
· What are some significant food sources?
· Peanuts, eggs, lettuce, cauliflower, and liver
· In general, anything with LECITHIN
 

Iron

· What is the DRI?
· 8 mg/day (men), 18 mg/day (women)
· What are the chief characteristics/functions in the body?
· Characteristics:
· There are 2 kinds of dietary iron:
· Heme iron (bound in heme): this is 15% of iron intake and 20-30% of it is absorbed
· Non-heme iron: this is 85% of the iron we eat from food, and 2-20% of it is absorbed
· In general we say that the absorption rate of iron is low but variable (overall from 2-25%)
· The RDA was set assuming that absorption was 18%
· It is stored as Fe3+ in a SOLUBLE protein complex with the protein ferritin in the liver, spleen, and bone marrow
· But when there is an excessive amount of this, it is converted into an insoluble protein complex called hemosiderin
· Bioavailability of iron can be increased by eating meals with:
· Heme iron (i.e. those red meats) - this will increase the absorption of non-heme iron
· Meat, poultry, or fish (known as the MFP factor) because this also increases non-heme availability
· Vitamin C
· Functions:
· It is bound to the heme of the protein "hemoglobin" in RBC's which is responsible for carrying oxygen through the blood
· Co-factor of many enzymes in energy metabolism pathways
· What is the classic deficiency disease?
· Iron deficiency anemia ("microcytic anemia")
· What are the specific/unique symptoms of the disease?
· RBC's are small (microcytic) and pale in color (hypochromic) because not enough hemoglobin is added to the reticulocyte (developing RBC)
· Symptoms: tiredness, fatigue, weakness, headaches, apathy
· What are the symptoms of its toxicity?
· This condition is called hematochromatosis: it is a genetic thing that affects 1% of males when iron is absorbed excessively and deposits in the liver and heart (causing damage)
· What are some significant food sources?
· Evenly distributed in all food groups at 5-6 mg iron/1000 kcal worth of energy
· MILK PRODUCTS are excepted!
· "Red" meats, cereals
