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Bibliographic note: In addition to Campbell et al., information for this unit comes from
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Johnson, Michael D., 2003. Human Biology: Concepts and Current Issues, 2/e.  
Powers, Scott K. and Stephen L. Dodd, 2003.  Total Fitness and Wellness, 3/e.

Overview & Introduction

I. In this unit and the next we’ll investigate the biology behind the important health

issues of diet, exercise, and cardiovascular health.  We don’t have time to cover the

topic in enough depth to become experts; the goal is to help you become familiar

enough with the basics that you can, with the help of appropriate health

professionals, learn more as necessary to maintain good health.  In this unit, we’ll

cover specifically

A. Basic epidemiology: the nature and scope of the problems related to diet,

nutrition, exercise, and cardiovascular health

B. Fundamentals of biological chemistry and metabolism:

1. What materials our cells are made of (and need)

2. How our cells (and therefore our bodies) acquire and process energy

C. Nutrition, Digestion, and Diet

1. What kinds of nutrients we need from our diets and why

2. How our bodies process the food we eat

3. What current scientific evidence suggests as a healthy diet for weight

management, cardiovascular health, and chronic disease prevention

4. Training “supplements”

Basic epidemiology: the nature and scope of problems related to diet and

exercise (data for this section come from the Centers for Disease Control)

I. The obesity epidemic

A. Definitions of overweight and obesity are based on the Body Mass Index (BMI;
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measures ratio of height to weight – see home page for link to CDC’s BMI

calculator):

1. overweight = BMI 25.0 - 29.9

2. obese = BMI 30.0 or higher

3. note that the BMI doesn’t work well for athletes or others whose weight is

primarily muscle

B. Incidence of overweight and obesity have been increasing since ~1980

1. in 1999:

a. 35% of the population was overweight (up 2% from 1980)

b. 27% of the population was obese (up 12% from 1980)

2. Problem is acute among adults (20-74 years old):

Age-adjusted prevalence of obesity in U.S. adults age 20-74

1976-1980 1988-1994 1999-2000

overweight or obese 47% 56% 64%

obese 15% 23% 31%

3. Problem is increasing in kids (note that rates were ~ steady until 1980,

then started increasing):

Prevalence of obesity in U.S. children in selected years

age 1963-1970 1971-1974 1976-1980 1988-1994 1999-2000

6-11 4% 4% 7% 11% 15%

12-19 5% 6% 5% 11% 15%

4. Problem is national – rates are increasing throughout U.S., but are not the

same among demographic groups for a variety of reasons (including

poverty and high costs of healthy diet!)
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C. Obesity is associated with increased risk of many other conditions, including

Type 2 diabetes and heart disease; it also costs a lot of money:

1. In 1996, $31 billion of treatment costs (~ 17% of direct medical costs) for

cardiovascular disease were related to overweight/obesity

2. From 1997-1999, annual hospital costs related to obesity in kids and

adolescents were $127 million

3. In 2000, the total cost of obesity was $117 billion, of which $61 billion were

direct medical costs

II. Type 2 diabetes

A. Diabetes is a disease in which the body can’t regulate blood sugar properly

1. Normally, the hormone insulin triggers body cells to take up sugar when

it’s abundant – e.g., after a meal

2. In Type 1 (“juvenile”, or insulin-dependent) diabetes, the immune system

attacks the pancreatic cells that make insulin, so the body can’t make

enough to regulate blood sugar.

a. This form is regulated with insulin injections; it’s NOT the form we’re

most concerned about

3. In Type 2 (“adult-onset” or insulin-resistant) diabetes, pancreatic cells

make insulin, but the body’s cells are resistant to its effects – so even

though it’s present, it doesn’t do its job.  

a. This form makes up ~ 90-95% of incidence

b. This form is strongly related to diet and exercise; it’s the form we’re

most concerned about.

B. The incidence of diabetes is also increasing, largely as a function of the

increase in obesity

1. Adipose cells, particularly those in the abdomen, do much more than just

store fat – they also secrete a number of chemical messengers (hormones

and other compounds) that communicate with other body systems.  One
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consequence of large amounts of abdominal fat is an increase in insulin

resistance – a precursor to Type II diabetes.

2. ~ 6.3% of the population is affected (~ 18.2 million people) ; 200,000

people die annually of complications – these include

a. blindness

b. kidney disease/failure

(1) circulatory problems leading to limb amputation

(2) heart disease

3. The number of people diagnosed with diabetes has increased 61% since

1991

4. Diabetes costs the U.S. ~ $132 billion/year, ~ 11% of our national health

care expenditures (and, given the way this is calculated, this is an

underestimate)

5. The disease is more prevalent in some demographic groups: African

Americans, Hispanics, American Indians, and Alaskan Natives are 2-3x

more likely than Caucasians to develop the disease

6. Although Type 2 historically shows up most commonly after the age of 40,

it’s becoming increasingly common in adolescents; it’s not just “adult

onset” any more

III. Heart (cardiovascular) disease

A. Cardiovascular disease includes a variety of disorders of the heart and blood

vessels, including high blood pressure (hypertension), angina, heart attack,

congestive heart failure, stroke, etc.

1. In the U.S., heart attack is the number #1 cause of death; stroke is #3

B. The good news is that the rate of heart disease has been steadily declining;

apparently largely due to a reduction in smoking.  The bad news is that

1. Although declining, it is still higher in some regions and among some

demographic groups than others (e.g., African American men)
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2. The proportion of people reporting no risk factors for heart disease is

actually declining

3. Not surprisingly, among the important risk factors are unhealthy diets and

lack of exercise

IV. So what do we do?  A huge number of diet plans, exercise programs,

supplements, etc., promise great bodies and healthy hearts – how do we make

sense of it all???  A good place to start is to understand some of the basic

underlying biology of diet, nutrition, and exercise – this should help us make

sound choices.

V. Summary: Obesity, diabetes, and heart disease are all major health issues; they are

interrelated because all are strongly influenced by diet and exercise.  The “diet and

exercise industries” overwhelm us with diet and exercise programs; we need to

understand some basic biology to help us make sense of all this information.

Biological chemistry and metabolism: understanding what our cells are made of and

how they process energy

I. Basic biological chemistry: what we’re made of

A. Chemistry notes:

1. All of our important molecules are built using carbon as the “skeleton”

2. The chemical bonds holding atoms together in molecules represent stored

energy; we’ll see how that stored energy can be released and used later.

3. As a general rule, building a big molecule from smaller molecules requires

energy; breaking one down releases energy

4. Unless I state otherwise, YOU ARE NOT REQUIRED to be able to identify

different kinds of molecules from diagrams – you need to know what they

are, what they do, and what they’re made of.

5. I am grossly oversimplifying all of this chemistry – if you want more detail,

the text is an excellent resource
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B. Cells are built out of four kinds of big molecules (macromolecules – chapter 3). 

Each of the big molecules is made of smaller building blocks, many of which are

essential nutrients.  We’ll look at each major type of molecule, its building block,

and its general functions in cells.

1. Carbohydrates (sugars, starches, cellulose = fiber) provide energy,

“carbon skeletons”, and a few other things

a. All are made of carbon, water, hydrogen in ~ ratio of 1C : 2H :1O

(1carbon = carbo; 2H+1O = water; carbo + water = carbohydrate)

b. Simplest form = simple sugars = monosaccharides (“one-sugars”)

(1)  most important biological simple sugar for us = glucose

(2) fructose = “fruit sugar” 

(3) glucose = main fuel molecule for cellular work, so it’s also the

most common transport sugar in our bodies – i.e., it’s “blood

sugar”

(4) simple sugars are also broken down so their carbon skeletons can

be used to make other kinds of macromolecules

c. Complex sugars are two simple sugars hooked together; they’re

called disaccharides (“two-sugars”)

(1) Table sugar (sucrose) and high fructose corn syrup (HFCS,

sweetener used in soft drinks, fruit drinks, processed foods, etc.)

are most common examples.

(a) Sucrose = 1 glucose molecule + 1 fructose molecule

(b) HFCS is a complex sugar made from corn starch; it’s either

42% or 55% fructose, with the rest mostly glucose – so it’s

chemically nearly the same as table sugar

d. The technical term for long chains of sugar molecules =

polysaccharides (“many-sugars”); we’re more familiar with the term

complex carbohydrate.  The three kinds of complex carbs are
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(1) Starch is a ~ long chain of glucose molecules

(a) Its primary use is long-term energy storage in plants: 

i) sugars are combined to form starch when energy is

abundant;

ii) long chains are broken down to individual sugar

molecules when energy is needed

(b) we see it commonly in, e.g., root vegetables (potatoes,

turnips, etc.), and grains (wheat, rice, corn, e.g.)

(2) Glycogen is a more highly-branched form of starch

(a) It’s used as for long-term energy storage in animals

(b) Most of our glycogen is stored in muscle tissue and the liver

(c) A major part of regulating blood sugar is the body’s ability to

convert blood sugar to glycogen and back again

(3) Cellulose = plant fiber

(a) the most abundant carbohydrate on earth

(b) Like starch and glycogen, it’s made of glucose – but the

organization of the glucose molecules makes it impossible for

most animals to break down (the ones that do – like cows

and termites – rely on cellulose-digesting gut microbes to do

the work)

(c) Although we don’t derive nutrients from cellulose, dietary

fiber is an important component of our diet

2. Nucleic acids make up our genetic material; they store information used

to make proteins

a. Nucleic acids are long chains of building blocks called nucleotides,

made up of 3 parts:

(1) 1 5-carbon sugar

(2) 1 nitrogen-containing unit called a nitrogenous base

(3) 1 phosphate group
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b. We have two kinds of nucleic acids; they differ in the sugar and some

of the bases that make up their nucleotides

(1) DNA stores genetic information; it’s found in the

chromosomes/chromatin of the nucleus

(2) RNA helps cells use the genetic information stored in the DNA to

make proteins

3. Lipids are a group of oily/fatty molecules that store energy and make up

cell membranes; they’re structurally more complex than carbohydrates

a.  Fats 

(1) Fats are made of two different kinds of building blocks

(a) glycerol is a small sugar that makes up the “backbone” of the

fat

(b) fatty acids are long chains of carbon and hydrogen

(c) most fats = 3 fatty acids connected to 1 glycerol; they’re

called triglycerides (an important measurement when you

have a cholesterol screening)

(2) fatty acid “tails” differ in the ratio of carbons:hydrogens

(a) when each carbon is bonded to the maximum number of

hydrogens, the fat is saturated

i) animal fats tend to be saturated

ii) saturated fats tend to be solid at room temperature (think

butter, lard, cheese . . .)

(b) when carbons are bonded to less than the max. number of

hydrogens, the fat is unsaturated

i) plant fats tend to be unsaturated; fish also tend to have

these 

ii) because they’re usually liquid at room temperature, these

fats are called oils (olive oil, peanut oil, corn oil, fish oil,

etc.)
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(c) trans fats are unsaturated fats chemically treated to make

them saturated to make them solid at room temperature

(e.g., corn margarine)

i) on food labels, these are the “fully or partially

hydrogenated” oils 

ii) they’re really bad for you!

(d) Olestra is the brand name of a synthetic “fat” that has fatty

acids bound to glucose instead of glycerol

i) Because it’s mostly fatty acids, it has some of the same

chemical (and cooking) properties as unsaturated fats –

it can be used as cooking oil, e.g.

ii) Because its shape isn’t recognized by our body’s

digestive chemicals, it isn’t broken down or absorbed by

the digestive system (which is also why it can cause

digestive upset)

(3) The primary function of fats is energy storage; they’re also used

for waterproofing and insulation

b. Phospholipids are fats with two fatty acid tails and a phosphate

group; they are the main structural unit of cell membranes

c. Steroids are structurally different from fats; they are made of 4 fused

carbon rings.  

(1) Cholesterol is the most familiar; it’s used in cell membranes and

to make other steroids like sex hormones

(2) anabolic steroids = synthetic testosterone used by bodybuilders

etc. to build muscle mass

4. Proteins are complex molecules that play many different roles in cells (and

whole organisms)

a. We have 7 different types of proteins; some of the major ones we’ll
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talk about are:

(1) structural proteins = hair, nails, components of connective tissue,

cytoskeleton

(2) contractile proteins = allow movement (major component of

muscle, e.g.)

(3) defensive proteins = antibodies of the immune system

(4) signal proteins coordinate body’s activities by carrying chemical

messages (some hormones, e.g.)

(5) enzymes promote and regulate virtually all chemical reactions in

cells

b. Protein structure is best understood as a hierarchy, starting with the

building blocks

(1) the building blocks of proteins are amino acids; living things “mix

and match”  ~ 20 different kinds of amino acids in chains of

different length to make tens of thousands of different kinds of

proteins

(2) A protein’s primary structure is the specific sequence of amino

acids (the number and order) strung together to make up the

protein – instructions for the sequence of an organism’s proteins

are stored in its DNA

(3) Chemical interactions among amino acids will cause portions of

the whole protein to coil and “pleat”; coils and pleats are the

secondary structure

(4) More chemical interactions among amino acids will cause the

whole protein to fold up into a complex 3-D shape; this is the

tertiary structure 

c. Protein function depends on protein structure – this is really important!

(1) In general, proteins work by recognizing and binding onto another
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molecule – like a lock and key, they have to have the right shape

to bind their target molecule

(2) Once they bind their target molecule, they usually “flex” in a

specific way to carry out their job – again, they have to have the

right shape to do this

(3) Protein shape can become irreversibly altered if cells (or whole

organisms) fail to maintain proper physical/chemical conditions –

common causes of denaturation include

(a) excess heat (think about frying eggs)

(b) large changes in pH (making the environment too acid or

basic)

(c) changes in salt concentration

(d) the presence of heavy metals (mercury, lead)

C. Summary: Our cells are made of four major types of macromolecules.  

1. Carbohydrates are energy storage molecules and provide the “carbon

skeletons” for other molecules.  The complex carbohydrates starch,

glycogen, and cellulose are long chains of simple carbohydrates –

specifically glucose.

2. Nucleic acids make up our genetic material and are long chains of

nucleotides.  DNA stores information and RNA helps cells use that

information to build proteins.

3. Lipids include fats, phospholipids, and steroids.  

a. Fats are made of fatty acids and glycerol; they are primarily energy-

storage compounds. 

b. Phospholipids are fats with two fatty acid “tails” and a phosphate

group; they make up the bulk of our cell membranes.

c. Steroids are made of carbon rings.  They are found in cell membranes

and make up many of our important hormones.
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4. Proteins are complex molecules made of amino acids.  Their structure

determines their function, and begins with the sequence of amino acids as

determined by DNA.  Proteins generally work by binding with other

molecules and changing their shape.  When the chemical and physical

environment change, proteins can become denatured and stop working

properly.

II. Fundamentals of metabolism

A. Definition: metabolism = the sum total of all the chemical reactions in our

bodies.  For now, we focus on a subset of the reactions taking place inside

individual cells.

B. To build and maintain themselves, cells are constantly breaking down and

synthesizing macromolecules.  General rules of thumb are that:

1. Molecules have a lot of energy in the bonds that hold their atoms together.

2. Building large molecules out of smaller building blocks (e.g., glycogen from

glucose; proteins from amino acids) requires energy (we need to build

more chemical bonds, and those take energy).

3. Breaking down large molecules into smaller building blocks releases

energy (breaking chemical bonds releases their energy).

4. Cellular chemistry is extremely complex; cells aren’t limited to the obvious

kinds of synthesis (e.g., glycogen from glucose).  Small building blocks can

be broken down and interconverted – e.g., glucose can be broken down

into a carbon skeleton that can then be used to synthesize an amino acid.

5. To regulate all these chemical pathways, cells use special proteins called

enzymes (text 5.6)

a. Enzymes are catalysts: they speed up the rate of a chemical reaction

but aren’t themselves consumed in the reaction (the catalytic converter

in a car works on this principle)

b. Enzymes follow the general model of protein function discussed
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above:

(1) Each enzyme has an active site whose size and shape matches

specific chemicals (the substrate molecules)

(2) Once the enzyme binds its substrate molecules, it flexes and

bends

(3) The action of the enzyme causes the substrate to react and be

converted to specific products

(4) The products are released and the enzyme returns to its original

configuration, ready to participate in a new reaction

c. By controlling the number and kinds of enzymes present, cells control

the timing and rate of all its chemical reactions

d. Note that this is one important reason why we maintain homeostasis: if

internal conditions deviate too much, we denature the enzymes that

regulate our metabolism!

C. To maintain structure and function (i.e., to be able to carry out all these complex

chemical reactions), cells must be able to acquire and convert energy for their

own use.  To understand many aspects of diet and exercise we need to

understand the basic processes involved.

1. The big picture: how cells use energy and where it comes from

a. To fuel reactions that require energy, cells use reactions that release

energy: the energy released from one reaction is used to drive

another. (just as energy released from burning gasoline used to power

your car).

b. All cells use the same energy-releasing reaction to meet their energy

needs: 

(1) ATP = adenosine triphosphate

(2) The bonds that hold the phosphates onto the rest of the ATP

molecule are particularly high in energy, so breaking them
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releases a lot of energy

(3) So the reaction cells use to acquire energy is the breakdown of

ATP: ATP -> ADP (adenosine diphosphate) + P + energy

(4) This is why ATP is called “the energy currency of the cell”: every

time a cell needs energy, it grabs an ATP and breaks it down

c. Where does ATP come from?  

(1) Thinking logically: we can make ATP from ADP + P

(2) But that’s a synthesis reaction – it requires energy to form the

high-energy bond – where does the energy come from?

(3) The energy to make ATP comes from the food we eat; cells

convert it to ATP through a complex series of reactions collectively

called cellular respiration

(4) Ultimately, the energy in the food we eat comes from where???

d. Putting it all together, the big picture is: Food energy -> cellular

respiration -> ATP -> ADP + P + energy for metabolism

2. To discuss respiration, we need some basic terms and conventions:

a. For simplicity, we’re going to use glucose as our “food energy”

molecule or starting compound

b. Ultimately, glucose will be broken down into smaller compounds; to

help us keep track of what’s going on, we’ll pay attention to just a few:

(1) glucose = starting compound; it has 6 carbons

(2) pyruvate = early breakdown product; it has 3 carbons

(3) lactic acid is another breakdown product; it has 3 carbons

(4) ethanol is another breakdown product; it has 2 carbons

(5) carbon dioxide is the final breakdown product; it has 1 carbon

3. In cellular respiration, four sets of reactions create two major energy

pathways

a. Cells lacking good oxygen supplies use glycolysis and fermentation
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in anaerobic respiration (first energy pathway)

(1) all chemical reactions here take place in the cytoplasm

(2) In glycolysis (one set of reactions), glucose is broken down into 2

pyruvates

(3) The breakdown produces about 2 ATP; not a lot of energy

(4) The breakdown process of glycolysis strips electrons from glucose

and donates them to a “carrier” molecule (NAD)

(a) cells have a limited supply of these carriers

(b) if all the carriers are filled up with electrons, glycolysis stops

(5) Fermentation is a companion process that takes the electrons

from NAD so glycolysis can continue – it’s essentially a recycling

process.

(a) In humans, fermentation occurs in some of our muscles.

i) Each pyruvate from glycolysis is converted to lactic acid;

in the process, the pyruvate receives electrons from the

“filled-up” carriers – this “empties” the carriers so they

can be used in glycolysis again.

ii) No additional energy is generated – the process just

recycles electron carriers.

iii) We’ll talk about metabolism in muscles in more detail in

the section on exercise . . .

(b) Other important types of fermentation . . .

i) We take advantage of lactic acid fermentation by Bacillus

acidophillus to make yogurt and cheese

ii) Yeast (single-celled fungi) also use fermentation – both

baker’s and brewer’s yeast use ethanol fermentation

a) Each pyruvate from glucose is broken down into one

ethanol (alcohol) molecule and one carbon dioxide
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molecule

b) The carbon dioxide is what makes bread rise and

creates the bubbles in beer and champagne

b. Cells with good oxygen supplies use glycolysis, the Krebs cycle, and

electron transport/chemiosmosis in aerobic respiration

(1) Glycolysis here is exactly the same as above: in the cytoplasm,

glucose is partially broken down to pyruvates

(a) a little bit of ATP is generated

(b) electrons are removed from glucose and taken up by

electron-carriers

(2) With oxygen present, the pyruvates can be broken down into

carbon dioxide and much more of their chemical energy converted

to ATP.  To continue the breakdown and energy harvest of aerobic

respiration, cells use two other energy pathways that take place in

the mitochondria (this is why the mitochondria are the

“powerhouses” of the cell)

(a) In the Krebs cycle, pyruvate is broken all the way down to

carbon dioxide

i) a little bit of ATP is generated (about 2)

ii) more importantly, lots of electrons – containing lots of

energy – are removed

(b) In the electron transport/chemiosmosis process, the

energy in the electrons is used to make a lot of ATP (about

34 under good conditions)

i) Once their energy has been used, the electrons have to

be picked up by another molecule and removed from the

system (otherwise, they “clog the pipeline”)

ii) That’s oxygen’s job: it picks up the leftover electrons and
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combines with hydrogen to form water, getting them out

of the way.

iii) IMPORTANT: without oxygen to pick up the “worn-out”

electrons, cells can’t use either the Krebs cycle or

chemiosmosis – they’re stuck with glycolysis and

fermentation

iv) Carbon monoxide and cyanide both prevent oxygen from

picking up electrons – they kill us by robbing cells of their

most important energy supply

(3) So, all together, aerobic respiration generates much more ATP

than anaerobic does: under ideal conditions, about 38

ATP/glucose compared to 2 ATP/glucose.

c. Because aerobic respiration converts much more of glucose’s energy

to ATP, our cells will use aerobic respiration whenever they can –

whenever they have a good oxygen supply.  Some of our cells –

specifically some muscle cells, use anaerobic respiration as a

“stopgap” measure to fulfill short-term energy demands.

4. Although we’ve illustrated cellular respiration with glucose as the starting

molecule, it’s not the only one cells can use

a. A wide variety of complex carbohydrates (starches and glycogen

especially) can be broken down to glucose and used in that form

b. Proteins can be broken down into their amino acids and taken directly

into the Krebs cycle (and from there through chemiosmosis)

c. Fats are broken down into fatty acids, which enter the last stage of

glycolysis and continue through the Krebs cycle and chemiosmosis

(1) Note that, processed this way, a gram of fat yields more than 2x

the ATP of a gram of starch – yikes!

5. Summary:
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a. Metabolism is the sum total of the chemical reactions in our bodies.  

b. To maintain their structure and function, cells are constantly breaking

down complex molecules and using their components to build new

ones.  These reactions are regulated by enzymes, each of which

catalyzes a specific chemical reaction.

c. To maintain structure and function, cells to acquire and convert

energy.

d. Cells use the energy released from degradation reactions to power

synthesis reactions.  The primary degradation reaction used is the

breakdown of ATP to ADP; this releases energy cells can easily use.

e. To maintain a supply of ATP, cells use energy from food to build ATP

from ADP.

f. Cellular respiration consists of two basic pathways involving four sets

of chemical reactions.

(1) Anaerobic respiration uses glycolysis and fermentation.  It takes

place in the cytoplasm and produces relatively few ATP because

glucose is only incompletely broken down.

(2) Aerobic respiration uses glycolysis, the Krebs cycle, and electron

transport/chemiosmosis.  Glycolysis takes place in the cytoplasm;

the other two sets of reactions take place in the mitochondria. 

This pathway uses oxygen to break glucose down completely and

harvest the energy from its electrons.  It provides much more ATP

than does anaerobic respiration.

g. Complex carbohydrates, fats, and proteins can all be broken down and

used in aerobic cellular respiration to generate ATP.  Gram for gram,

fats yield the greatest amount of ATP.
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Diet, Nutrition and Digestion: What we need to eat and how our bodies process our

food

I. Our basic nutritional needs: general principles

A. First, some definitions:

1. Diet = what we eat

2. Digestion = breaking down food into chemical components that can be

absorbed into our bodies

3. Nutrition = what our bodies do with the food we absorb (how it’s

processed, how it’s used)

B. Our bodies require a combination of nutrients to function properly – we all need

1. carbohydrates

2. fats

3. proteins

4. vitamins

5. minerals

C. These nutrients can be classified different ways, based on a combination of

where the nutrients come from and what they do:

1. The text classifies nutrients into three groups

a. Fuel: 

(1) molecules that can be broken down to power body activities

(2) carbohydrates, fats, and proteins are all potential fuel molecules

(think about cellular respiration . . .)

b. Organic raw materials:

(1) molecules that can be used to synthesize body’s own molecules

(2) carbohydrates, fats, and proteins are all important organic raw

materials as well as being important fuel molecules

c. Essential nutrients

(1) substances we cannot synthesize ourselves from raw materials –
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we must get them intact from our diets

(2) all minerals, most vitamins, some amino acids, and some fatty acids

are essential nutrients

2. Another classification (commonly used in the nutritional literature) divides

nutrients on the basis of how they’re used and how much we need of them:

a. Macronutrients

(1) provide fuel and structural building blocks

(2) must be consumed in large quantities

(3) carbohydrates, fats, and proteins 

(4) note that essential fatty acids and amino acids are macronutrients

b. Micronutrients

(1) regulate cell function, often by helping enzymes

(2) are only needed in small quantities

(3) vitamins (essential or otherwise) and minerals

D. A closer look at fuel

1. Our bodies need fuel (converted to ATP) to stay alive – how much?

2. Our baseline energy need = basal metabolic rate (BMR) or resting

metabolic rate

a. this is the amount of energy we need to keep just our essential body

processes working (breathing, heart beating, essential cell processes,

etc.) – does not include

(1) body movement

(2) actively thermoregulating

(3) digesting food

(4) growth, reproduction

b. for adult humans, 1300-1800 kcal/day

(1) 1 calorie (c) = amount of energy required to heat 1g of water 1o C

(2) kcal = kilocalorie = 1000 calories; sometimes abbreviated C vs. c
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(but I think that’s confusing, so I’ll just use kcal)

(3) NOTE: “calorie” counts on food labels, etc. are actually kcal’s

c. Bad news – BMR tends to decrease with age – so the older you get, the

more you have to exercise to maintain weight if diet doesn’t change.

3. Our actual energy requirement will be BMR + whatever energy we need for

all our other activities – and will obviously be higher the more active we are. 

As a general rule, normal daily activity (excluding additional exercise) adds

only about 20% – so if a person with a BMR of 1800 kcal will have a total

daily energy requirement of about 2160 kcal

4. In general, cells use carbohydrates, fats, proteins as fuel in that order

5. VERY IMPORTANT: a calorie is a calorie, no matter what kind of molecule

it comes from!

6. In all cases, when we eat more calories than we consume, excess is stored

a. some excess carbohydrates are stored as glycogen in liver, muscles –

but usually only about enough for 1 day BMR

b. rest is stored as fat in adipose cells – again, regardless of source!

7. VERY IMPORTANT CONSEQUENCE: 

a. If you consume more calories than you expend, you will gain weight in

the form of fat.

b. The only way to lose weight is to expend more calories than you

consume.

II. A closer look at specific nutrients

A. Carbohydrates are important fuel and structural compounds

1. As fuel, it’s first burned

2. Muscles, in particular, rely on stored glycogen for immediate energy needs

3. Carbs are also very important structural compounds – broken down in

various ways, they provide the carbon skeleton for the other

macromolecules in our bodies.
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4. Dietary fiber, although not actually consumed, is a key element in

preventing Type II diabetes and heart disease through its effects on insulin

and blood cholesterol regulation

B. Fats are essential body components:

1. Healthy women may have 20-25% body mass as fat; men 15-19% (these

are considered “acceptable” levels – “good” is less than that)

2. Too little fat is unhealthy – e.g., women high-performance athletes with

extremely low body fat stop menstruating

3. Functions include

a. storing energy

b. cell membranes

c. insulating the body

d. cushioning organs

e. transporting vitamins

4. We can manufacture most of the fats/fatty acids we need

5. We need to get 2 essential fatty acids from our diet – both

polyunsaturated

a. linoleic acid (soybeans, peanuts, corn, sunflower seeds)

b. alpha-linolenic acid (flax, canola, green leafy veggies, wheat germ)

c. functions include building phospholipids and regulating pain perception,

inflammation

d. most diets have plenty of these!

C. Proteins are the most abundant class of molecules in the body (after water!)

1. Of the 20 amino acids used to make all our proteins, we can manufacture

12 from raw materials

2. The remaining 8 are the essential amino acids

3. Our bodies can’t store amino acids, so deficiency in any one amino acid will

prevent us from making the proteins we need
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4. Animal proteins contain all 20 in the right proportion; they are called

complete proteins

5. Many plant proteins are deficient in one or more essential amino acid 

a. either absent (some authors)

b. or present, but in very limited quantities (other authors)

c. their proteins are called incomplete 

d. combining plant foods provides “complete” or complementary protein in

the sense of providing the essential amino acids in proper proportion 

e. Eat from two or more of each group at each meal:

(1) grains (barley, rice, whole-grain breads, oats, cornmeal, etc.)

(2) legumes (beans, peas, lentils, soy, peanuts)

(3) seeds and nuts (sesame, sunflower seeds; walnuts, cashews etc.)

(4) vegetables (leafy and other dark green especially)

6. Protein deficiency is problem world-wide, but most Americans get more

than enough

a. RDA for men and women over 19 = .8g of protein per Kg of body mass

= .36g per pound

b. e.g., 110 lb adult needs 40g protein; 150 lb needs about 55g; 200 lb

needs 72.

c. Average American consumes > 100g/day (think about sources other

than meat . . .)

D. Vitamins are organic (built on carbon skeletons) nutrients that are necessary

for proper cellular function but in much smaller quantities than macronutrients

1. Most are catalytic and act with specific enzymes – so they’re not

“consumed” by the reactions they participate in

2. So far, 13 vitamins have been identified as necessary in humans

a. Of those, we can only manufacture a few

(1) Vitamin D in our skin when exposed to sunlight
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(2) bacteria in colon manufacture K, B5 (pantothenic acid), biotin

b. rest are essential nutrients – we have to get them from diet

3. Vitamins are classified into two groups based on solubility

a. Water soluble

(1) B complex (includes niacin, folic acid, biotin),  C

(2) Excesses are excreted in urine, so consuming more than necessary

usually isn’t harmful

b. Fat soluble

(1) A, D, E, K

(2) Excesses are stored in body fat instead of being excreted, so

overconsumption may have toxic effects

4. Do we need to supplement?

a. People eating balanced diets are unlikely to develop symptoms of

vitamin deficiency.

b. In spite of hype, benefits of most vitamin supplementation not well

substantiated.

c. Even for Vitamin C, E (antioxidants), benefits found in some studies and

negative effects in others.

d. Modest supplementation doesn’t hurt and is recommended for some

groups (i.e., pregnant women, older adults)

e. Massive supplementation may do more harm than good.

E. Minerals are 17  inorganic elements (other than oxygen, hydrogen, nitrogen)

necessary for many physiological processes

1. All are essential nutrients - must be obtained from the diet

2. Can be broken down into two broad categories

a. Macrominerals are necessary in relatively large quantities – they

include

(1) sodium (critical for nerve, muscle function) – 



Biology 109N - Life Science 2 page 25
Dr. Kerry S. Kilburn, Old Dominion University
Unit 2: Diet, Nutrition & Digestion

(a) most of us consume this to great excess

(b) average adult who doesn’t sweat profusely needs ~ 500

mg/day (~ 1/4 tsp)

(c) average American consumes 6,000 - 12,000 mg/day!

(d) National recommendation is to restrict sodium to no more

than 2400 mg/day

(e) Note that table salt is only about 15% of our consumption -

the rest is in processed food

(2) potassium (nerve, muscle function; bones and teeth; component of

nucleic acids)

(3) calcium (nerve, muscle function; bones and teeth; acid/base

regulation) – this is the one we’re most likely to be deficient in, in

part because it can be hard to absorb from food

(a) dairy products and many vegetables are good sources

(b) some veggies contain compounds that limit calcium uptake

b. Trace minerals are necessary in much smaller amounts – but

deficiencies cause serious problems.  Example = iron

(1) component of hemoglobin, which carries oxygen to cells and

removes carbon dioxide

(2) RDA minimum = 18 mg

(3) deficiency = anemia – iron-deficiency anemia affects 10% of

toddlers, adolescent girls, and women of childbearing age in the

U.S. (much larger fraction worldwide)

(4) too much iron is also a problem – iron overload from eating

supplements is the leading cause of accidental poisoning in small

children in the U.S.

F. Summary

1. Diet refers to what we eat.  Digestion is the breakdown of food into

chemical components that can be absorbed by the body; nutrition is what
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the body does with those compounds.

2. Nutrients can be classified based on where they come from and what we do

with them.  Carbohydrates, fats, and proteins can all be broken down for

fuel and provide structural raw materials.  Vitamins and minerals regulate

physiological processes.  Many nutrients can be manufactured from raw

materials supplied in the diet; essential fatty acids, essential amino acids,

most vitamins, and all minerals must be provided intact from the diet.

3. Our bodies use fuel even when we’re at rest; the rate at which we use fuel

at rest is our basal metabolic rate.  Increasing activity increases metabolic

rate.  Carbohydrates, fats and proteins can all be used to fuel metabolism. 

Regardless of the source, excess calories are ultimately stored as fat; the

only way to lose weight is to consume fewer calories than we expend.

4. Carbohydrates supply energy and structural carbon. Fats store energy,

insulates the body, and protects internal organs.  Too little fat is unhealthy,

just as too much fat is.  Of the fatty acids needed for our fats, two are

essential and must be ingested with the diet.  Both are easily obtained from

a balanced diet.

5. Proteins make up the largest class of chemicals in our bodies. Of the 20

amino acids used to make our proteins, 8 are essential.  “Complete”

proteins can be obtained by eating animal protein or from eating proper

combinations of plant foods.  Most Americans consume more than enough

protein in their diets.

6. Vitamins are organic nutrients needed in small quantities; most work with

enzymes as catalysts.  We can only synthesize a few vitamins; the rest we

must get from our diet.  Water-soluble vitamins are easily excreted,

whereas fat-soluble vitamins are stored in body fat.  Overconsumption of

fat-soluble vitamins is likely to be more problematic than is overconsumption

of water-soluble vitamins.  A well-balanced diet provides baseline vitamin
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needs; whether or not supplementation is helpful is still an open question.

7. Minerals are inorganic elements with a variety of functions.  Macrominerals

such as sodium and calcium are needed in relatively large amounts; trace

minerals are needed only in small amounts.  We are most likely to consume

too little calcium and too much sodium in our diets.

III. Structure and function of the digestive system: How we get those nutrients from the

food we eat. We start with an overview, then take each region of the digestive

system one at a time.

A. Overview:

1. Food processing occurs in four stages; digestion is just one:

a. Ingestion = the act of eating

b. Digestion = the mechanical and chemical breakdown of food into

components small enough for the body to absorb.

c. During absorption, lining the digestive tract take up the small nutrient

molecules (then move them into the blood stream for transport to

tissues).

d. Elimination = undigested material passes out of the digestive system.

2. Humans have inherited the basic vertebrate pattern of a digestive system

consisting of an alimentary canal + accessory glands

a. alimentary canal

(1) consists of a “tube” that starts at the mouth and ends at the anus -

parts are

(a) mouth

(b) oral cavity

(c) esophagus

(d) stomach

(e) small intestine

(f) large intestine
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(g) rectum

(h) anus

(2) each portion of the tube is structurally and functionally different - the

tube is regionally subdivided to give us a good division of labor

among the parts 

(3) by differentiating the parts, each can be structurally specialized for a

specific function, making it more efficient

b. accessory glands secrete chemicals that aid in digestion – they are

(1) salivary glands

(2) pancreas

(3) liver (digestive secretions are stored in the gall bladder)

B. The mouth, oral cavity, and pharynx

1. Food is taken in via the mouth

2. Mechanical breakdown begins with chewing

3. Salivary glands produce secretions with several important functions:

a. slippery glycoprotein lubricates food and protects soft tissues of the

mouth

b. buffers neutralize acidic foods (tomatoes, e.g.)

c. antibacterial agents kill harmful bacteria

d. digestive enzyme = amylase begins to break down starch into sugar

e. note that salivary glands are activated by sight, smell of food

(sometimes just thought!)

4. The tongue is a muscular organ with several functions:

a. taste buds allow us to taste our food (although most of the taste comes

from smell)

b. shapes food into a ball (“bolus”) for easier swallowing

c. swallowing = pushing the food to the back of the oral cavity and down

into pharynx
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5. The pharynx is the common chamber of the respiratory and digestive

systems – both the esophagus and trachea (windpipe) branch from it.

a. problem = keeping food moving into esophagus, not into trachea

b. solution is a flap of tissue = epiglottis – when food reaches the back of

the pharynx and we swallow, the top of the trachea lifts up and pushes

the epiglottis down, closing the opening over the windpipe and forcing

the food into the epiglottis

c. When this doesn’t work right, we choke – the Heimlich maneuver uses a

burst of air to clear food from the windpipe from beneath

C. The esophagus transports food to the stomach

1. Food is moved via wave-like contractions of smooth muscle (this same

action will propel food through the entire digestive tract)

2. In 5-10 seconds food will reach the stomach; constriction of the base of the

esophagus keeps the food in the stomach

3. Note that, to reach the stomach, the esophagus must pass through the

diaphragm, a sheet of muscle attached to the bottom of the rib cage

a. sometimes, the opening through which the esophagus passes gets

enlarged = hiatal hernia

b. when that happens, part of the top part of the stomach protrudes up

through the opening; this can allow digestive juices from the stomach to

abrade the lower part of the esophagus and may cause

gastroesophageal reflux disease (GERD) – but not the only cause.

D. The stomach stores food and breaks it down chemically

1. Large stomach allows ~ 2 liters of food to be stored for several hours (it’s an

adaptation to sporadic food supply)

2. Stomach produces 3 main secretion (collectively called gastric juices):

a. Pepsinogen (inactive enzyme) becomes pepsin (active enzyme) - starts

to break down big protein chains into smaller chains
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b. HCl has several functions:

(1) kills microorganisms ingested with food

(2) breaks down connective tissue in meat

(3) helps break down cellulose (plant fiber in plant cell walls) so we can

extract nutrients from inside plant cells

(4) converts pepsinogen to pepsin

c. Mucus lubricates and protects the cells lining the stomach from acid –

but enough erosion still occurs that we need to replace the cells lining

our stomachs ~ every 3 days

3. Stomach muscles contract, mixing food with secretions and forming mixture

called acid chyme.  

4. Gastric ulcers are open sores that form when mucus can’t protect the

stomach wall from damage/digestion by gastric juices

a. Helicobacter pylori = bacterium now thought to be the primary cause of

ulcers

b. This bacterium secretes ammonia gas, which neutralizes the acidity of

the gastric juices.

c. Bacteria attach to stomach lining and grow – causing localized loss of

mucus and damage to stomach walls by gastric juices

d. Up to 50% of world’s population may be infected with H. pylori; in only

about 10% does growth of bacteria cause stomach walls to be broken

down faster than they can be repaired – this causes the sores of gastric

ulcers.

5. Ring of muscle at base of stomach keeps chyme in stomach; releases it to

the small intestine a bit at a time – it takes ~ 2-6 hours for stomach to empty

completely after a meal.

E. The small intestine is the major organ of digestion and absorption.

1. Organ itself is over 6m long (“small” comes from small diameter relative to
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large intestine)

2. Note that, because it receives acid chyme from stomach, upper part of the

small intestine is also susceptible to ulcers (called duodenal ulcers)

3. Duodenum = upper 25 cm (10") of small intestine, where major secretions

are added to the acid chyme from the stomach:

a. the liver produces bile used in fat digestion

(1) fat is water-insoluble, so forms large droplets in the chyme

(2) large droplets have low SA/V, so very hard for enzymes to digest

(enzymatic breakdown is a surface process)

(3) Bile emulsifies fats = breaks it down into much smaller droplets with

much larger SA/V

(4) bile from the liver is stored in the gall bladder and released into the

duodenum

b. the pancreas secretes two important items:

(1) alkaline solution (bicarbonate - like baking soda) to neutralize the

acid chyme

(2) complex mixture of enzymes that complete digestion of

macromolecules into their building blocks

(3) on your own - read about lactase - figure out what “lactose-

intolerant” means

c. By the time chyme passes through the duodenum, chemical digestion is

~ complete

4. The rest of the small intestine (most of its 6m length!) is specialized for

nutrient absorption

a. Key to good absorption = very large surface area – about 300m2, or the

size of a tennis court!

b. Large SA achieved by complex folding: circular folds of wall, themselves

folded into finger-like projections called villi, whose outer layers of cells
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have their cell membranes folded into microvilli (see fig. 21.10B).

c. As we discussed when we talked about materials exchange, absorption

is also efficient because the villi are lined with capillaries and a lymphatic

vessel, so nutrients are only 2-3 cell layers (the intestinal epithelium and

capillary wall) from the blood or lymphatic fluid.

d. Pathway of absorption depends on the nutrients

(1) Everything except fats are absorbed from intestine into capillaries;

from there, they flow:

(a) into larger blood vessels that take them first to

(b) the liver, which detoxifies harmful chemicals, processes many

of the nutrients into forms the body needs, and converts

excess glucose to glycogen; from there, processed nutrients

go to

(c) the heart, which then pumps them to tissues throughout the

body

(2) Fats have a more complex absorption process because they form

large droplets.  Essentially, they are absorbed into the cells lining

the intestine, then into the lymphatic vessel; from there, they flow

(a) into larger lymphatic vessels

(b) to a large vein entering the heart

(c) eventually to the liver where they’ll be processed further

before being sent to body tissues for use

F. The large intestine reclaims water

1. The large intestine = the colon; it’s only about 1.5m long.

2. It joins the small intestine at a T-junction

a. “small arm” of the T = blind pouch called the cecum (which, in some

herbivores, is an important site of cellulose digestion)

b. the appendix is an even smaller pouch off the cecum; when it gets
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inflamed, it causes appendicitis (there’s that -itis suffix again!).

3. Colon’s primary function is to finish absorbing water from solid waste 

a. Between the food we eat and the secretions we use to digest it, ~ 7 liters

of water pass through the digestive tract each day.

b. Much is absorbed in the small intestine; the rest is absorbed by the

colon (but feces not completely dry!).

c. As water is absorbed, waste becomes more solid and compact - final

composition is ~ 75% water, 5% bacteria, and the rest insoluble fiber

and some other items.

d. In addition to water, colon absorbs a few other compounds either left in

the feces or generated by the bacteria living in the colon  – e.g., vitamins

K, biotin, and B5

4. On your own - find out what causes diarrhea and constipation – understand

the answer to the question at the end of 21.11

5. The last part of the colon is the rectum, where feces are stored until

eliminated. The anus is the opening through which feces are passed.

G. Summary

1. Food processing involves ingestion, digestion, absorption, and elimination.

2. Like other vertebrates, humans have a digestive tract consisting of a

regionally differentiated alimentary canal and a set of accessory glands that

provide secretions.

3. Digestion begins in the mouth and oral cavity. Mechanical breakdown and

chemical digestion of starch occur there. The tongue moves food from the

mouth to the pharynx, where the epiglottis prevents food from entering the

windpipe.

4. The esophagus transfers food from the mouth to the stomach.

5. The stomach mixes food with gastric juices containing protein-digesting

enzymes and a strong acid. Mucus protects the stomach lining from its own
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juices.

6. Acid chyme enters the upper small intestine (duodenum), where it receives

bile from the liver and a mixture of digestive enzymes from the pancreas.

Chemical digestion of the macronutrients is completed here.

7. Most of the small intestine is specialized for nutrient absorption. A very

large surface area and close proximity to capillaries keep the exchange

process efficient. From the capillaries, most nutrients pass to the liver for

processing, then to the heart for delivery to body tissues. Fats travel a

different route, but are still processed in the liver before being sent to body

tissues.

8. The large intestine absorbs water and some nutrients either left in the feces

or produced by intestinal bacteria (vitamins, e.g.). Feces are stored in the

rectum and passed from the body via the anus.

IV. So – what should we eat?  The 2005 Dietary Guidelines for Americans (USDA,

http://www.healthierus.gov/dietaryguidelines/) 

A. Recommendations are based on review of most current scientific evidence

about diet and health – approach is to find best diet to manage weight, provide

necessary nutrients, and prevent chronic disease

B. Key major recommendations are to eat a varied diet rich in whole foods, with

emphasis on

1. variety of fruits and vegetables – excellent sources of many different

nutrients, including fiber, vitamins, minerals

2. whole grains rather than processed grains – also excellent sources of many

different nutrients

3. limiting saturated fats and added sugar

4. balancing caloric intake to maintain weight

5. limiting energy-dense, nutrient-poor foods (e.g., most snack foods, lots of

fast food, sugary beverages, alcohol)
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C. Specific recommendations break food intake down into traditional categories,

but also look at total caloric intake.  E.g. – estimates for a moderately active

woman (5 hrs of moderate physical activity, e.g. 1.5-3 mi walking at a 3-4 mph

each day) age 19-30

1. Total caloric intake to maintain weight = 2000 kcal (for a male of same age,

same activity, = 2400)

2. Recommendations include daily intake as well as variety over the course of

a week

3. Fruit group: 4 servings/day

a. 1 serving = ½ C (e.g., cut fresh, frozen, or canned fruit)

b. ½ C equivalents:

(1) 1 medium apple

(2) 1/4 C dried fruit

(3) ½ C fruit juice

c. servings should emphasize whole fruit (fresh, frozen, canned, dried)

over juice to provide fiber

4. Vegetable group: 5 servings/day = 2.5 C

a. 1 serving = ½ C (e.g., cut raw or cooked vegetables)

b. 1 serving = 1C raw leafy greens (e.g., salad greens)

c. intake should be balanced over the week to include ~ equal amounts of

dark green vegetables (e.g., broccoli), bright orange vegetables (carrots,

some squash), legumes (beans, peas, etc.), starchy vegetables (corn,

potatoes), and other vegetables

5. Grain group: 6 oz-equivalents/week 

a. 1 oz-equivalent =

(1) 1 slice bread

(2) 1 C dry cereal

(3) ½ C cooked rice, pasta, cereal
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b. At least ½ of intake should be whole grain (whole wheat/whole grain

breads and cereals, brown rice, whole-wheat pasta)

6. Meats & beans (note that beans count as vegetables and meats): 5.5 oz

equivalents/day

a. 1 oz equivalent =

(1) 1 oz cooked lean meat, poultry, fish (1 oz ~ size of a domino)

(2) 1 egg

(3) 1/4 C cooked beans, tofu

(4) 1 Tbs peanut butter

(5) ½ oz nuts, seeds

b. Intake should include 4-5 non-meat servings/week

c. meat should be lean!

7. Milk/dairy: 3C low-fat products/day. 1 C equivalents =

a. 1 C milk, yogurt

b. 1.5 oz natural cheese (little bigger than a domino)

c. 2 oz processed cheese

8. Oils: 24 g = 6 tsp equivalents/day.  1 tsp equivalent =

a. 1 tsp vegetable oil

b. 1 Tbs low-fat mayo

c. 2 T light salad dressing

9. Discretionary calories = number of calories remaining to make up 2000

calorie total – these are the only calories that should be made of saturated

fats (e.g., butter) and added sugar:

a. total discretionary calories = 267 (about 28 oz of regular soft drink)

b. recommended breakdown:

(1) 18g saturated fat

(2) 8 tsp added sugar (equivalent to ~ 3 Tbs jelly)

D. To meet overall recommendations, how much would we need to change our
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diets?  On average, our daily food consumption needs to change as follows:

1. Fruits: women + 0.8 C; men 1.2 C

2. Vegetables: women and men + 0.9 C

3. Grain group: women + 0.1 oz; men - 1 oz 

a. whole grains: women + 2.2 oz; men + 2.6 oz

b. enriched grains: women  - 2.1 oz; men -3.6 oz 

c. we eat too much white bread and snack foods!

4. Meat & bean group: womwen + 0.4 oz; men -1.4 oz

5. Milk group: women + 1.6 C; men + 1.2 C

6. Oils: women + 0.4 g; men -4.2 g

7. Discretionary calories:

a. saturated fats: women -18g; men -27g

b. added sugars: women -14 tsp; men -18tsp

c. again, we eat too many prepared, fast, and snack foods

E. Summary: 

1. The current 2005 dietary recommendations from the USDA are based on

the best current scientific evidence about the effects of diet on health.

2. Key recommendations are to eat a varied diet rich in whole foods,

especially fruits, vegetables, and whole grains; to limit saturated fats, added

sugars, and other energy-dense/nutrient-poor foods; and to balance caloric

intake to maintain weight.

3. To meet current guidelines, most Americans must increase their

consumption of fruits, vegetables and whole grains and decrease their

consumption of processed, fatty foods.


