Exci Midterm 2 Notes 

Lecture 8

What is protein?

· The word “protein” means primary, as it was found to be essential for life
· The important element in protein is nitrogen, which is not found in any other energy-providing nutrient
· Proteins are extremely varied in size and variety

Proteins are many amino acids linked together, but the interaction of the different amino acids with one another determines the ultimate shape of the protein. The protein may be a bent chain, pleated, or folded over upon itself to form a 3-dimensional structure.

Chemical Structure of Protein

· Proteins are made up of chains of linked sub-units, amino acids 
· The proteins are folded into 3-dimensional shapes 
· The sequence of amino acids in the protein determines the protein’s eventual shape, and possibly its function

Terms of Protein and Amino Acids

· Chains of amino acids are called peptides
· Di=2
· Tri=3
· Oligo=a few
· Poly =many
· What is the name for 3 amino acids joined together?
· A protein is 50-100,000 amino acids joined together. What is the another term besides protein that can be applied to this substance?

A tripeptide is the name given to a 3 amino acids joined together. 
A protein can also correctly be referred to as a polypeptide.

· A dipeptide is 2 amino acids bonded together chemically
· A tripeptide is 3 amino acids bonded together chemically
· An oligopeptide is a small number of amino acids bonded together (less than 10)
· A polypeptide is a chain of many amino acids bonded together




Amino Acid Structure

· Amino acids are composed of the elements carbon (C), oxygen (O), hydrogen (H) and nitrogen (N)
· All amino acids contain an amino group, an acid group, and a side chain (abbreviated as “R”)
· The side group is different for each amino acid, yielding 20 different amino acids (universal in nature)

· The R group determines the chemical properties of the amino acid
· Some R groups interact within a watery environment, some R groups are attracted to each other
· These attractions and interactions determine the shape of the protein

Amino Acid and Protein Structure 

· The sequence of amino acids in the protein is determined by the genetic information contained in the cell, whether animal or plant
· Each protein is unique, and each protein may have a completely different structure and function in the respective organism

One small change in the DNA (the instructions) will change the sequence of amino acids and alter the protein either just a bit or make a major change with quite negative results. 
This graphic illustrates in a simple way that the DNA instructions for making hemoglobin have one amino acid incorrectly substituted in the chain. The result is a serious disease for those suffering from sickle cell anemia.

· What is the most abundant protein in the body?
· Collagen is present in skin cells, is a major component of ligaments and tendons, and is the main protein in connective tissue

Amino Acids essentials and non-essentials

· There are 20 different amino acids that are found in living organisms, both animal and plant
· 9 of these are essential (EAA), as they cannot be made in the body and must be supplied from proteins in the diet
· The other 11 amino acids are called nonessential (NEAA), as the body can manufacture them in sufficient quantities from other components in the diet
· Some NEAA can become “conditionally essential” if there are insufficient sources of calories and nitrogen in the diet



Protein Function in the Body

· Structure
· Protein is the primary structure of bone into which minerals are deposited
· Connective tissue-to hold the body together
· Collagen is part of the connective tissue, comprising 25% of the protein in the body

What makes up connective tissue?

· Connective tissue is bones, cartilage, ligaments, tendons and fat
· Areolar tissue is the type of tissue that surrounds the glands, blood vessels, nerves.

· Energy
· Protein’s energy is contained in its chemical bonds
· This energy is released as heat or as Calories that can be used by the body
· If protein is used as a source of energy, then the protein cannot be used to form structures, its primary function

· Regulation of body functions
· Hormones-e.g. insulin, which regulates carbohydrate function
· Enzymes-enzymes are catalysts in chemical reactions, and all enzymes in the body are proteins
· Immune System
· Antibodies to fight infection are made of protein

· Fluid Balance
· Special proteins maintain the correct level of fluids both inside and outside the cells

Process of Protein in the body

· Protein Digestion
· Physical digestion of protein starts in the mouth then continues in the stomach, through the action of the muscles of the stomach
· The food is ground up and mixed with stomach secretions (juices) to become a semi-liquid called chyme
· Stomach secretions include stomach acid and digestive enzymes that begin the chemical digestion of the protein
· The acid causes the proteins to unfold (denature) to make them more available to the stomach enzymes
· These enzymes (proteases) cut off short strands of amino acids (peptides) from the protein
· The protein strands move to the small intestine to continue chemical digestion
· Enzymes (proteases) from the pancreas break apart the peptides into individual amino acids
· Proteins from sloughed-off digestive tract cells are also digested by the proteases
· The individual amino acids are absorbed into the body through the walls of the small intestine

How the body uses Protein

· Amino acids enter the bloodstream after absorption through the walls of the small intestine
· The bloodstream carries the amino acids to all parts of the body
· The cells of different parts of the body may need different combinations of amino acids, and only take the amino acids they need from the bloodstream
· Does the body identify where the different amino acids have come from? What are the implications?
All the amino acids from animal proteins or vegetable sources or from the sloughed-off digestive tract cells belong to the basic list of 20 amino acids, therefore at absorption, the amino acids are treated similarly, regardless of their source.


Dietary protein, after digestion to amino acids, will be absorbed & carried to different parts of the body where the amino acids are taken as the cell need them. They are used to manufacture the body proteins needed.  If excess amino acids are eaten, the amino group may be removed and used to manufacture other nitrogen-containing compounds that the body uses. If there is still excess, the leftover amino groups will be taken to the liver, 

· If there are insufficient non-essential amino acids to pull into the cell, the cell can manufacture non-essential amino acids from other amino acids or other products if there is sufficient nitrogen available
· If an essential amino acid is missing, the body cannot manufacture this amino acid, and the protein cannot be made

· Protein is constantly being manufactured and broken down in the body (protein turnover)
· At certain times and life stages, more of certain proteins are needed than others
· The relative amounts of repair, maintenance and growth determines the amount of protein turnover that occurs

· Different tissues have different protein turnover rates
· Some protein is lost from the body in hair, nails, stool loss
· Do you remember which proteins “turn over” the fastest, and which the slowest?
Digestive tract cells replace themselves (turn over) every 2-3 days. Blood cells are replaced every 120 days. Bone cell live is measured in years.

· If an excess of protein is eaten, the body cannot store the excess protein or amino acids or nitrogen contained in the protein
· In this case, the nitrogen is removed from the excess amino acids by the liver
· The nitrogen can be reused to manufacture non-essential amino acids

· Nitrogen (now in the form of ammonia) is toxic 
· The excess nitrogen is converted in the kidneys to a substance called urea, and excreted in the urine
· The rest of the amino acid (as a carbon skeleton) can be reused
· The carbon skeleton can be used to provide energy right away
· If the energy of the carbon skeleton is not needed at the moment, it can be converted to fat and stored as such


Amino acids and protein supplements 

· Amino acids taken as a protein supplement, are digested and absorbed the same as other food proteins 
· Having excess amino acids does not, however, induce more protein synthesis
· Protein and amino acids are not stored in the body
· What happens during prolonged hunger-voluntary or involuntary?

During prolonged hunger, no matter the cause, body proteins (e.g. muscles) are broken down to provide energy. The functional protein is lost (less muscle mass). The nitrogen cannot be stored, so the nitrogen will be lost from the body and cannot be used to make other necessary amino acids or proteins.

Review
· Protein is a nutrient essential for life
· It is the only macronutrient that contains nitrogen. It fulfills all three functions of nutrients-building & repair, metabolism and providing energy
· Proteins are made up of 20 amino acids in various chemical combinations. Some amino acids are required in the diet, others can be manufactured in the body
· Protein is digested and absorbed as amino acids, then distributed throughout the body. Excess amino acids can be recycled into other compounds, including amino acids, or used for energy
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Protein Deficiency 

· Protein deficiency has consequences on the body that are variable according to age and life stage
· Protein deficiency in a child is more devastating than protein deficiency in an adult

Stages of Growth

· Growth during embryonic, fetal and first 1 ½-2 years of life is primarily due to an increase in the number of cells in an organ or tissue
· Any protein deficiency at this time may lead to permanent stunting of growth
· Growth after the 2nd year of life is primarily due to an increase in the size of the cells
· Protein deficiency at this time and later is not as devastating


· What parts of our body do we lose every day that causes us to lose protein?
Hair, skin, nails

· Which tissues “turn over” the fastest (what about you is different from last week)?
Digestive tract cells turn over the fastest

· How does turnover rate apply to the various symptoms of protein malnutrition?
Tissues with faster “turnover” rates will show the signs of protein malnutrition faster than tissues with slower turnover rates
· For example, the digestive tract will show protein lack before blood cells, which in turn will show protein lack before bone cells  

Which cells will show protein deficiency the fastest?
· How long do these cells live in the body? Which lives the longest? Which type has the shortest life span?
· Stomach lining cells-2 days
· Blood cells-120 days
· Colon cells-3 days
· Skin cells-2-4 weeks
· Bone cells-25-30 years
· Liver cells-4-5 months
· Brain cells-hopefully all your life



Consequences of protein deficiency 

· Proteins that have a high turnover rate will be most affected by protein deficiency, and can result in less tissue manufacture
· The result may be mental retardation (poor brain development) and/or stunting (poor muscle and bone development)

· Edema-retention of fluid in the body because of inadequate fluid-balance-protein manufacture
· Intestinal problems-diarrhea, poor absorption of nutrients
· The intestinal tract cannot replace the cells that are continually being sloughed off from the intestinal wall, and the absorptive area decreases dramatically


· Distended abdomen-due to fluid build-up in the abdomen
· Also, since the liver cannot make the protein necessary to transport fats through the blood, the fats build up in the liver, which then enlarges
· Infections-due to the fact that the body cannot make enough antibodies to fight infections

· Kwashiorkor-seen in young children, often in the older child once a younger child is born
· Calories may be sufficient, but protein content of diet is inadequate
· Protein-calorie malnutrition
· A deficiency of both calories and protein, leading to muscle wasting

Protein Requirement 

· Protein is needed to provide essential amino acids (EAA)
· Protein is also a source of nitrogen so that the body can manufacture non-essential amino acids
· Calculating a requirement involves-
· Computing the minimum amount of protein needed, on average
· Make adjustments for variability
· Adjust the figure to take into account the protein quality 

Nitrogen Loses Reflect Protein Needs

· Nitrogen is lost daily, and this amount is measurable
· Convert this amount of nitrogen lost to grams of protein (16% of the weight of protein is nitrogen)
· Make an adjustment for population variability, as the nitrogen lost figure was for an average man/woman of 70 kg
· Make another adjustment for the quality of the protein

Calculating Protein Needs 

· Breast milk protein and egg white protein are the highest quality proteins (given a quality score of 100)
· These proteins supply all 9 essential amino acids (EAA) in the amounts needed by the body to make its proteins
· Other food proteins will have lower quality scores
· All proteins have all the amino acids (both EAA and non-EAA), but the lower quality proteins have lower amounts of the EAA)

· The protein quality of an average mixed diet is 70
· Protein requirement calculations take this into account
· Protein needs are calculated as grams/kg body weight //day
· For the average adult, the figure is 0.8 grams/kg body weight protein required per day

Factors that change protein needs

· Growth
· RDAs for protein for infants and children are higher due to growth
· Pregnancy and Lactation
· Protein needs increase due to the growth of the baby and increase in other tissues during pregnancy
· Lactation requires more protein as various proteins are secreted into the breast milk to support growth of the baby
· Injury & Illness
· Protein needs may be increased due to illness and injury, if either is severe or long-lasting
· Exercise
· Some persons engaged in regular exercise (more than 1 hour/ day) need more than the RDA for protein
· Weight training and contact sports
· Studies have shown that the protein need may increase by 0.4g/kg body weight/day to total 1.2g/kg body weight/day
· This extra protein is used to help build muscle mass and repair muscle damage that may occur as an effect of the exercise
· Exercise
· Endurance
· Protein may contribute a small amount of the calories needed to perform this exercise
· Their increased requirement for protein has been estimated at also 0.4g/kg/day, to total 1.2 g protein/kg/day




Making Protein Food Choices 

· Protein quality differs among foods

· Protein from different food sources can be defined as “complete” or “incomplete” depending on the amino acids they contain
Don’t forget other foods that contain protein (milk, grains, small amounts in fruits, vegetables

Complete Protein

· Contains all nine EAA and the EAA are present in the correct proportions
· Protein is digestible
· Complete proteins are most often animal proteins
· Soy proteins are the only plant proteins considered complete

Incomplete Protein

· Contains all 20 amino acids, but does not have the EAA in proportion to the body’s needs
· Plant proteins (except for soy proteins) are in this category

Vegetarians Diet

· Following a vegetarian diet lowers the risk of heart disease, certain cancers, and obesity
· A confounding factor is that vegetarians tend to have a better lifestyle overall, and this may also contribute to the lowered risk of these diseases
· Combining protein sources and using soy protein in your diet is a way to ensure adequate intake of EAA

Review

· The effect of protein is widespread in the body, and the severity of its effects dependent on the person’s life stage as well as the turnover rate of any given body protein
· Protein requirement is tied to the body’s need to replace lost nitrogen
· Protein quality and whether or not the protein is complete or incomplete determine the overall protein quality of the diet
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What the similarity?

· Cellulose, wood fibre, table sugar, linen, flax, cotton, glucose, rayon, hemp, viscose, cellophane, starch, glycogen 
· They all have glucose as a basic unit of their structure	

Carbohydrates

· What does the word carbohydrate mean?
Carbohydrate is a term that describes compounds that are a combination of carbon atoms and water molecules.

· What does photosynthesis accomplish?
Photosynthesis is the process whereby the sun’s energy is captured and used to make carbohydrates from carbon dioxide and water. Oxygen (O2) is a by-product.

Carbohydrate Structure 

· Carbohydrates made up of the elements carbon (C), hydrogen (H), and oxygen (O)
· Most dietary carbohydrates come from plants
· The only animal source carbohydrate is the sugar lactose (glucose and galactose joined together) found in milk and in some products made from milk 
· Plants use solar energy, along with the CO2 in the air, to manufacture carbohydrates
· Plants use carbohydrates as an energy store
· Basic dietary carbohydrate is a 6-carbon ring with water (H2O) attached to each carbon
· The general formula for these carbohydrates is C(H20)

What is the basic formula for a 6-carbon sugar?
· C6H12O6
· Do you know of any 5-carbon sugars?
· Ribose
· What is the formula for ribose?
· C5H10O5
· What about deoxyribose? 
· C5H10O4

· Monosaccharides
· Mono=1
· Monosaccharides are 1 basic carbohydrate unit, either glucose, fructose or galactose, referred to as simple sugars or simple carbohydrates 

· Disaccharides
· Di=2
· Disaccharides are 2 monosaccharides chemically bonded together
· Disaccharides are also referred to as simple sugars
· Disaccharides in the diet are sucrose, maltose and lactose
· Other carbohydrates
· High-fructose corn syrup is made from corn starch which has been broken down to glucose and fructose units
· Honey is a solution of sugars with greater carbohydrate content per teaspoon than table sugar
· Antioxidant properties of honey may not be enough to give great benefit to humans

Intense (Artificial) Sweeteners
· Artificial sweeteners can be 200-600 times as sweet as sugar, therefore can be used in very small amounts to sweeten a product and will not add significant calories
· Research on these products has shown that they are useful substitutes for those wishing to reduce their sugar intake

Polysaccharides

What is similar about these polysaccharides?
Similarities: 
	All are made of the same units of a 6-sided sugar (glucose).
	Many glucose units are bonded together. 
	One form of starch is a straight chain, although there is a type of starch that is 	branched. 
	Cellulose is a straight chain.
Differences:
	Glycogen is branched, even much more so than the branched form of starch.
	Note that the way glucose is joined together to make both starch and glycogen is 	similar. 
	
Differences: The way in which they are joined together. 

· Polysaccharides
· Poly = many
· These are chains of many sugar units bonded together
· Starch, fibre and glycogen are polysaccharides and are referred to as complex carbohydrates

· Polysaccharides-Starch
· Starch is composed of many units of glucose linked together in a chain, either straight or branched
· Polysaccharide-Fibre
· Fibre is also composed of many units of glucose linked together in a chain
· Fibre
· Found only in plant products
· Humans do not possess enzymes to break fibre bonds, therefore we cannot digest nor absorb fibre
· Any fibre eaten passes through the digestive tract undigested and unabsorbed, to be eliminated as waste
· Polysaccharides-Glycogen
· This polysaccharide is sometimes referred to as “animal starch”,  found in the muscles and liver of animals
· It is composed of many units of glucose linked together
· Its unique branched structure allows quick removal of glucose units needed for energy
· There are no food sources of glycogen
	Why are there no food sources of glycogen?

Carbohydrate Digestion

· Mouth
· Saliva contains salivary amylase that starts some digestion of the starches we eat
· Stomach
· No carbohydrate digestion occurs here
· Small Intestine
· The pancreas adds pancreatic amylase which restarts the chemical digestion of the starches
· The result is that the starch is broken down into the disaccharide maltose
· Lactose and sucrose have not yet been digested
· Small Intestine
· More enzymes are produced on the surface of the small intestine
· Maltase breaks down the maltose into 2 glucose units
· Sucrase breaks down the sucrose into 1 glucose and 1 fructose unit
· Lactase breaks down the lactose into 1 glucose and 1 galactose unit
· Lactose Intolerance
· Many persons (esp. adults) have limited ability to digest lactose (milk sugar)
· The undigested lactose ends up in the large intestine where gut bacteria break the lactose down
· What’s the result?
Fiber

· Consuming adequate amounts of fibre lowers the risk of certain cancers, also heart disease
· Fibre intake can help in weight loss, although energy in fibre is not available to the body

Types of Fiber

· Water-Insoluble fibre
· The cellulose and hemi-cellulose that makes up plant cell walls
· This type of fibre swells in the presence of water, creating pressure that enables the muscle cells of the intestinal wall to function correctly and avoid constipation
· This type of fibre also serves to retain water in the stool
· Water-Insoluble Fibre
· With a low-fibre diet, less waste moves through the digestive tract and the waste moves more slowly, resulting in hard stool that is difficult to pass (constipation)
· Frequent straining to pass the stool results in hemorrhoids, diverticulosis and diverticulitis
· Water-Insoluble Fibre
· Slow waste passage with a low-fibre diet leaves the digestive tract walls exposed to carcinogenic compounds for a longer time
· Eating a high-fibre diet lowers the risk of hemorrhoids, constipation, and exposure to carcinogens
· Water-Soluble Fibre
· Called gums and pectins, this type of fibre tends to form a gel on contact with water
· Water-soluble fibre tends to slow gastric emptying leading to feeling fuller for longer
· Water-soluble Fibre
· Water-soluble fibre also helps decrease cholesterol absorption from the intestine

How much fiber do we need?

· The recommendation is 38 grams/day for men, 25 grams/day for women
· Fibre should come from a variety of food substances
· Daily Value of fibre on food labels is 25 grams







Review and Summary

· What nutrient function does dietary fibre fulfill?
· Name the 2 different types of fibre. What are the benefits of each type for the body? If we consume insufficient amounts of fibre, what are the possible repercussions?
· The Daily Value (DV) of fibre is listed as 25 grams per day. What is the RDA for fibre for women and for men? (Check page 277 of your text)
· Answer to pretest:
· The average human body contains about 5 grams of glucose. 


· Carbohydrates are made up of the  elements carbon, hydrogen and oxygen, and most have the basic formula of C(H2O)
· Plants use carbohydrates as a storage form of energy
· Carbohydrates are classified as monosaccharides, disaccharides and polysaccharides
· Carbohydrate digestion starts in the mouth, then continues in the small intestine where most is absorbed in the form of monosaccharides
· Fibre is a carbohydrate that is not digested or absorbed by the  human body, but is still an important nutrient for overall health
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Carbohydrate Energy Metabolism

· Once carbohydrates are digested, there is a mix of monosaccharides in the digestive tract
· After absorption, fructose and galactose are converted to glucose in the liver
· Glucose needs insulin from the pancreas to enter the cells of the body to be used for immediate energy or to be stored for later use
· GLUTs (glucose transporter molecules) are receptors activated by insulin to transport glucose into the cells
· With lack of insulin or insulin resistance, the resulting high blood glucose level will damage the blood vessel walls

Insulin is not shown in this picture. Its role is to induce the transporter molecule to open up and let glucose in.

What can go wrong…

· Diabetics can suffer from total lack of insulin or insufficient insulin 
· Type 1 diabetes
· Total lack of insulin production in the pancreas
· The insulin must be provided from an outside source (exogenous source), either daily injection or from an implanted pump

· Type 2 diabetes
· Insulin can be produced by the pancreas but in insufficient amounts to be effective
· In other cases, the body is resistant to its own insulin and glucose cannot enter the body’s cells

Carbohydrate Energy Metabolism

· Once the glucose has entered into the cells, it can be used at once or stored for later use
· If stored, the glucose units are bonded together to form glycogen in either liver cells or muscle cells
· What has happened to the carbohydrates in your breakfast? Trace the processes they have gone through, so far.
· Start with ingestion, go on to the process of digestion, then finish with absorption.
· 
	What carbohydrates do you ingest (eat)
	Starches,  fibre, sucrose, lactose, sometimes maltose

	What carbohydrates are present after digestion
	Glucose, fructose, galactose, fibre

	What carbohydrates are absorbed
	Glucose, fructose, galactose are absorbed into the blood. Fructose & galactose are converted to glucose in the cells of the liver. Excess glucose not needed right away can be converted into glycogen in the muscles & liver. Liver glycogen is used to maintain blood sugar. Muscle glycogen is used in the muscle cells where it is stored. Fibre continues through digestive tract for eventual excretion.

	
	









· Muscle glycogen
· The glycogen is stored to provide energy for the muscles
· About 1600 calories of energy as glycogen overall can be stored in the muscles
· With the right training, the muscles can be induced to store more glycogen
· Glucose as fuel for the muscle
· Glucose can be used to provide energy either anaerobically (without oxygen) or aerobically (with oxygen)
· The brain and nervous system use glucose exclusively to provide energy

· Anaerobic use of glucose occurs during high-intensity, short duration exercise
· The 6-Carbon glucose molecule is broken down to two 3-Carbon fragments, releasing some energy
· The body cannot use energy anaerobically for a long time due to production of lactic acid in the cells from the C-3 fragments
· Two 3-Carbon fragments are the result of the initial breakdown of glucose
· During high-intensity exercise the energy from glucose is extracted anaerobically, providing energy quickly but not efficiently
· These fragments still contain potential energy for fuelling the muscles, which is then released through aerobic energy metabolism
· The brain and nervous system use glucose to provide energy aerobically, but red blood cells use glucose anaerobically
· The C-3 fragments are converted to C-2 fragments that are now used to provide energy aerobically
· The end result is energy, water and CO2
· Approx. 75-100 grams (300-400 calories) of glycogen are stored in the liver
· Only 5 grams (20 calories) of glucose is found in the blood

Carbohydrate Excess

· If excess carbohydrate is consumed and glycogen stores are filled, the excess carbohydrate is stored as fat
· Glucose follows the same process up to the point of 2-Carbon fragments, then these fragments are repackaged to produce fatty acids

Carbohydrate Deficiency 

· Another morning. You didn’t have time for breakfast, and by the time lunch-time rolled around, you were not feeling too well. Same thing for suppertime. In fact, all you could keep down was a cup of green tea with lemon.
· What effect does this lack of food have on your carbohydrate metabolism for the day?
· Another morning. You didn’t have time for breakfast, and by the time lunch-time rolled around, you were not feeling too well. Same thing for suppertime. In fact, all you could keep down was a cup of green tea with lemon.
· What effect does this lack of food have on your carbohydrate metabolism for the day?
· The body will break down any stored glycogen to provide glucose, only sufficient to power 24-36 hours’ need
· Afterwards, the body starts to make its own glucose from other sources
· Protein from muscles may be broken down to amino acids which are then converted to glucose
· The nitrogen fraction of the amino acid is removed, converted to ammonia and then urea 
· The carbon skeleton of the amino acid is converted to glucose

Glucose from Amino Acids


The important section here is what happens to the carbon residue after deamination (removal of the amino group) of amino acids. Deamination occurs in the liver. “Carbon residue” is another name for “carbon skeleton”, meaning what is left over of the amino acid after the amino group is removed. 

· If the R group of the amino acid resembles the C-3 fraction of glucose metabolism, then this R group is combined with another C-3 fraction to make glucose
· This process is called “gluconeogenesis”
· The important Nitrogen fraction of the amino acid is excreted from the body
· Some of the protein used may be muscle protein
· The provision of glucose from amino acids is sufficient only to provide glucose for the brain, nervous system and red blood cells (therefore, not for muscles)
· If the R group is not similar to the C-3 fraction, it is converted to C-2 units and used for fuel
· 2 grams of amino acids (proteins) are lost for every 1 gram of glucose made by this method

Carbohydrate needs 

· Carbohydrate should be provided in the diet to avoid the protein breakdown that occurs without dietary carbohydrate
· 130 grams/day is required to cover the needs of the red blood cells and the nervous system
· The suggestion for an optimal intake of carbohydrate is 45-65% of calories, or about 300 grams of carbohydrate for an average diet of 2000 calories


Questions for reflection
1. What types of sports activities rely on carbohydrates as their main energy source?
2. Glucose can be used both anaerobically and aerobically. What is the advantage of this capability?
3. What are the disadvantages to the body of a prolonged fast? What adjustments does the body make to overcome the lack of carbohydrate in the diet?
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Fat
Fat is necessary for the body, for providing energy. It is also used to manufacture parts of the body such as insulation around nerve cells, cell membranes. Another function is as the base product for making hormones (estrogen, testosterone, prostaglandins).  Dietary fat is needed to help with absorption of fat-soluble vitamins. 

Function of Fat

· Energy
· Fat supplies 9 calories per gram
· Consists of carbon, hydrogen and oxygen
· Regulation of body processes
· Some hormones that regulate body processes are fat-soluble
· Structure
· Fat surrounds and protects abdominal organs
· Is an integral part of all cell membranes

Types of Fat in Foods

· Triglycerides are the largest component of fats in the diet
· Triglyceride structure is basically a glycerol skeleton with 3 fatty acids attached
· Fatty Acids
· Fatty acids are carbon chains from 4 carbons to 26 carbons long
· There is an even number of carbon atoms in each fatty acid


Saturated fats tend to be solid at room temperature, and are most often from animal sources.
Unsaturated fats tend to be oils at room temperature, and are most often from plant sources.

Most of the oils are unsaturated, except for coconut oil and palm kernel oil. Margarine is more likely to be unsaturated if it is plant-based, although there are some margarines that can be made from “marine” fats that are animal based, and are therefore more likely to be saturated.

Types of fats

· Saturated Fatty Acids
· Each carbon on the chain is fully loaded with hydrogen atoms
· The fatty acid chain is straight
· Food fats where the majority of fatty acids are saturated fatty acids tend to be solid at room temperature
· Unsaturated Fatty Acids
· Unsaturated fatty acids have some hydrogen atoms missing along the chain, making a double bond between some carbon atoms
· Unsaturated fatty acids will have a bend at the double bond(s)
· Unsaturated Fatty Acids
· Fatty acids that have more than 1 double bond, are called polyunsaturated (poly = many)
· Notation-18:2 refers to an18-Carbon fatty acid with 2 double bonds
· Food fats with a majority of unsaturated fatty acids tend to be liquid at room temperature
· Unsaturated Fatty Acids
· The placement of the double bond is important in human health
· Double bonds are counted from the omega end (methyl or CH3 end)
· Humans do not have the enzymes to manufacture fatty acids with the double bond at the 3 or 6 position (omega-3 and omega-6 fatty acids)
· Omega-3 and omega-6 fatty acids are essential fatty acids and must be provided in the diet

Essential Fats and Their Role in Health

· Cell Membrane
· Cell membranes are made up of 2 layers called a lipid bilayer or phospholipid bilayer
· Essential fatty acids are components of the cell membrane, allowing it to be flexible to meet the needs of the cell
· Prostaglandin formation
· These compounds act as hormones affecting the blood vessels, clot formation, uterine contractions, the inflammatory response to injury, among others
· Essential fatty acids are used in the body to manufacture prostaglandins

Need for Essential Fatty Acids

· Linoleic Acid-12-17 grams per day or 5-10% of calories should come from this fat
· Three teaspoons of vegetable oil, esp. corn oil, can provide this amount in a varied diet 
· Linolenic acid-1.1-1.6 grams per day or 1% of total calories should come from this fat
· Having fish a few times per week would be sufficient intake to meet this need

Deficiency of Essential Fatty Acids

· Absolute deficiency of these fatty acids is rare
· Long-term consequences of low intakes (esp. of fish oil omega-3 fatty acids) is thought to be related to the development of heart disease and certain cancers

Fat in Food

· A food fat (triglyceride, mostly) is considered saturated if a majority of its fatty acids is saturated
· These are generally animal fats; exception-fish oils
· A food fat is considered unsaturated if a majority of its fatty acids is unsaturated
· These are generally from plant sources; exceptions- palm (kernel) and coconut oils

Fats and Food Processing

· Many fats in the food supply have been processed and changed from their natural properties
· Unsaturated fats exposed to the air can oxidize and become rancid, affecting the taste and appearance of the food (rancidity)
· Hydrogenation changes the unsaturated bonds to saturated bonds 
· If only some of the unsaturated bonds are made saturated, the food product will say “partially hydrogenated”
· As the double bonds are now saturated, the food is no longer a good source of essential fatty acids 
· As well, trans fatty acids may have been formed in the food

Trans Fatty Acids

· Unsaturated fatty acids in nature are most likely in the “cis” formation, which results in a bend in the fatty acid
· With hydrogenation, some of the unsaturated bonds that remain are turned into “trans” double bonds
· This different chemical configuration renders the fatty acid more straight, more solid at room temperature

Health Concerns about Trans Fats

· Trans fats, even though unsaturated, act like saturated fats in the body 
· Saturated fats indirectly increase cholesterol levels in the body, lead to higher risk of heart disease 
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Fat Digestion

· Adjustments must be made in the digestion, absorption and transport of fats in the watery environment of the body
· The fat must be made soluble in water
· Digestion of fats starts in the small intestine
· Bile (made in the liver from cholesterol) is released into the small intestine, and serves to emulsify the fat
· Emulsify-suspend very fine droplets of fat in watery liquid
· After emulsification, pancreatic lipase will start to digest the triglycerides by removing the fatty acids from the glycerol backbone
· The result is monoglycerides and free fatty acids
· The free fatty acids and monoglycerides form small droplets called micelles

Fat Absorption

· The micelles are absorbed into the cells lining the small intestine
· The free fatty acids and monoglycerides reform into triglycerides within the cells
· Before entering the circulation, the triglycerides are joined to a protein coat , forming a lipoprotein, to make them soluble in watery environment of the blood  
· The fat and protein combination is now called a chylomicron
· Chylomicrons are one type of lipoprotein used in the body to transport fats to the tissues

Fat Transport

· Chylomicrons travel around the body, dropping triglycerides to muscle cells or fat cells
· The muscle cells will store the triglycerides for either immediate or future use as fuel
· Fat cells will also store any excess within the fat storage sites of the body
· This fat also can be used in the future as fuel
· Chylomicrons are the largest type of lipoprotein
· Once the chylomicrons have dropped off triglycerides around the body, the rest is carried back to the liver
· The liver will repackage the chylomicron to produce VLDL-another lipoprotein with differing ratio of triglycerides and other types of fats
· Two other lipoproteins are also present
· LDL is formed from VLDL after some triglyceride has been removed
· LDL is also known as “bad cholesterol”, and carries cholesterol to the tissues
· HDL (“good cholesterol”) picks up excess cholesterol from the body’s tissues

Fat Energy Metabolism

· Inside the muscle cell, triglycerides are broken down to fatty acids and glycerol
· The fatty acid is broken down into 2-C(2 carbon) fragments which enter the pathway that will release its potential energy
· Each gram of fat will provide 9 calories + CO2 and H2O
· At rest or at low intensity exercise, the body burns fat as its major fuel source (approx. 60%)
· With increasing intensity of exercise, more carbohydrate is burned compared to fat (approx. 70% carbohydrate)

Energy Metabolism-After a Meal

· Carbohydrate
· Carbohydrate is digested, absorbed and transported throughout the body
· Glucose enters the cell, is used for energy immediately or converted to glycogen (muscle and liver cells only)
·  Excess carbohydrate will be converted to triglycerides and stored in the fat cells
· Fat
· If fat is not needed immediately for energy, it will be stored as triglycerides in the muscle cells or within the fat cells
· Protein
· Protein is broken down into amino acids, then is used to manufacture or replace body proteins
· If excess protein was eaten, the nitrogen is removed and excreted as urea, the remainder (carbon skeleton) is used to make fat which is transported to the fat storage cells

Energy Metabolism-Several Hours after Eating

· The body needs energy for its activities, so nutrients in storage are taken out to fuel the body
· Glycogen in the liver and muscles is broken down to glucose
· Carbohydrate
· Liver glycogen breaks down to glucose which enters the blood to maintain normal blood glucose levels
· Muscle glycogen also breaks down to glucose and is used to power the muscle where the glycogen was stored
· Fat and Protein
· Triglycerides from fat stores are broken down and the FFA (free fatty acids) are used to provide energy 
· Protein usually not necessary to provide energy

Energy Metabolism-Fasting (at Least 24 Hours)

· Carbohydrate
· Glycogen stores, both in liver and muscles, have been depleted, so glucose is made from other sources, such as protein
· Protein
· Tissue protein is broken down to amino acids, the nitrogen is discarded in the urine, and the rest (carbon skeleton) is used to manufacture glucose
· This process is slow and unlikely to adequately meet body’s glucose needs
· Manufacturing glucose for storage (that is, to make glycogen) is not possible by this route
· Fat
· Fat stores are mobilized to provide energy, cannot be used to manufacture glucose
· Without adequate glucose for energy provision, ketones (by-products of incomplete fat burning for energy) build up in the blood

Cholesterol

· Cholesterol performs regulatory functions in the body, but does not provide energy
· It is also known as a sterol


· Bile
· Bile is made from a cholesterol skeleton, and is essential in emulsifying fat during the digestive process
· Precursor to sex hormones
· Testosterone, estrogen (and progesterone) are made from cholesterol  

· Precursor to Vitamin D
· This vitamin is made from the cholesterol skeleton
· Component of cell membrane structure
· It helps gives cell membrane its flexibility and ability to control movement of substances into and out of the cell
· Cholesterol is not an essential nutrient
· It can be made in the liver from 2-C(2 carbon) fragments resulting from the breakdown of fats, protein or carbohydrate


Sources of Cholesterol in the Body

· The body can manufacture 1000-1500 milligrams (mg) of cholesterol per day
· The average diet provides 200-400 mg per day from animal products
· Only animal products contain cholesterol
· Processed plant products which contain animal fats will contain cholesterol

Cholesterol Transport

· Cholesterol must be transported throughout the blood as part of a lipoprotein 
· Absorption of dietary cholesterol is with the micelles from the small intestinal cell
· Cholesterol becomes part of a lipoprotein to be carried to the body’s tissues
· Cholesterol is carried to the liver by chylomicrons where it is eventually is transformed into LDL (low density lipoprotein) with a high ratio of cholesterol to protein
· LDL’s function is to carry cholesterol to the body’s cells (“bad” cholesterol)
· HDL’s function is to pick up excess cholesterol and transport it back to the liver (“good” cholesterol)




Summary

· Fat digestion occurs mainly in the small intestine
· Absorption requires the presence of bile to emulsify the fat and allow lipases to work on the fats. 
· Fat is transported as lipoproteins to the body`s cells
· Fat from a meal may be used immediately by the muscle cells, packaged as storage triglycerides in the muscles` cells or stored as fat tissue
· Cholesterol can be produced by the body and is also provided in the diet. It serves various regulatory functions, but does not supply calories 

Lecture 15

Energy Use During Exercise

· Differing exercises have different energy requirements
· Different kinds and amounts of fuel are needed for each type of exercise
· The weight of the person exercising, the intensity and duration of the exercise determine energy requirements
· Males will burn more calories than females doing equivalent exercise 
· Why is this so?
· Exercises using larger muscles of the body require more energy than those using finer, smaller muscles
· Which activity will use a greater amount of energy in 10 minutes for each person- carrying golf clubs , aerobic dance or cross country skiing?
Males, in general, have a larger absolute muscle mass than females and also have relatively more muscle mass. Males also have, in general, a greater weight than females.’

Fuel Sources

· Carbohydrates, fat and protein can all be used to provide energy for exercise
· Only carbohydrate and fats are stored in any quantity to provide fuel for exercise

· Protein is not stored in the body, but it is functional tissue that can provide energy, if required
· Only 5-10% of energy needs come from protein sources

ATP

In charged form, ATP has 3 phosphate units. In uncharged form, it has been changed to ADP with 2 phosphate units.
Fuel Use During Exercise

· High Intensity, Sprint-type Activities
· ATP is the basic energy molecule used for all muscle activity
· Enough ATP is in the muscles to power only a few seconds of activity (approx. 6 seconds or less)
· Once depleted, ATP must be regenerated from other sources

Why do so many people use creatine supplements?

Creatine supplements do not, in themselves, help build muscle, although the supplements allow the person taking them to continue muscle building past the usual fatigue point. 

· High-Intensity, Sprint-type Activities
· The ATP is regenerated from phosphocreatine (PCr) already present in the muscles
· Phosphocreatine (PCr) can only supply enough high-energy phosphorus to regenerate ATP to power the muscles for activity for 30 seconds

Energy Use During Exercise

· High-Intensity, Sprint-type Activities
· If the muscles require more energy, glucose is the next fuel called on to supply energy
· For quick energy, glucose is broken down, and its energy is released anaerobically 
· High-Intensity, Sprint-type Activities
· Using glucose anaerobically produces lactic acid (sometimes listed as lactate) as a by-product
· Lactic acid is produced in the cells faster than the cells are able to clear it
· Lactic acid accumulates in the cells, leading to disruption of normal cellular mechanisms
· Acidification due to lactic acid accumulation leads to fatigue and the inability to continue exercising
· Continuous, Endurance Activity
· With exercise that lasts more than 2 minutes, both carbohydrate and fat are used in aerobic exercise
· ATP is produced to fuel the muscles, with by-products of CO2 and water 





Fat-Burning Exercises

· Continuous, Endurance Activity
· Fat is burned doing low intensity physical activity
· Losing weight involves having an overall caloric deficit on a regular basis


Carbohydrates for Performance and Recovery

· The energy stored as carbohydrate in the body is relatively small
· More energy is stored as fat
· When performing continuous, high-intensity activity, the carbohydrate stores of the body can become depleted
· What’s the solution to allow someone to continue exercising for long duration? 
Ingest some source of carbohydrate during the exercise.
· Glycogen stores can be increased through dietary and activity manipulations
· Increasing glycogen stores increases endurance for physical activity
· Increasing glycogen stores through dietary manipulation is called  “carbohydrate loading”
· The recommendation is to consume 6-10gms carbohydrate/kg body weight, which calculates to about 60-65% of calories from carbohydrate

Athletes’ Protein Needs

· The RDA for protein for non-athletes is set at 0.8 gm/kg body weight
· Endurance athletes are recommended to consume 1.2 gm/kg body weight to make up for protein use during exercise (although negligible) 
· Increased protein is also to be used for muscle rebuilding after exercise

Athletes’ Fat Needs

· Fat is also an important factor in the diet of athletes
· It serves as a calorically dense source of fuel
· Healthy fats such as monounsaturated and polyunsaturated fats are recommended

Review

· Carbohydrates and fats are the main fuel sources for exercise. Protein contributes only 5-10% of energy needs. Fat & carbohydrate stores can be called on to provide energy to power activities.
· Energy expenditure is dependent on body weight, duration and intensity of exercise
· ATP is the common energy molecule used to power muscles, regardless of the fuel source used. ATP is present only in limited amounts.
· Carbohydrate storage can be increased in the body with dietary and exercise manipulations
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