
CHAPTER 3 : BASIC NUTRITION

 Life is a constant molecular process. Each living 
cell is its own “molecular machine.” Each “machine” 
is unique in its complexity and organization. In order 
for us to comprehend the machinery, we must identify 
each part that makes up the whole. In doing so, we 
can begin to comprehend what energy is processed 
through our system and how our machines convert that 
energy into usable fuel.1

 To begin with, it is important to identify the basic 
components of nutrition, which are broken down into 
simple molecules. All cells contain an abundance of 
inorganic (non-carbon containing) substances, such as: 

• Gaseous elements: Oxygen and carbon dioxide
for cellular oxidation.

• Soluble salts (minerals): Potassium and sodium
for cellular balance.

• Insoluble salts (minerals): Calcium for structure.
• Most importantly, the universal solvent, water:

The medium for reactions and transport of food
and waste.1

 On the other hand, the “molecules of life” are 
organic. Organic molecules contain carbon in varying 
amounts. Carbon is the primary requirement for 
all living systems. Carbon is unique because of its 
structure and its tremendous versatility to undergo 
reactions that create energy to sustain life. Without 
carbon, there is no life. 

 In order to understand how nutrition interacts with 
our bodies, it is important to know about a few of the 
small, simple, organic (carbon containing) substances. 
These substances are the building blocks of the larger 
components of cells and tissues. These substances are: 
sugars, organic acids, amino acids, and nucleic acids.

 Sugars: Such as glucose, serve as major fuels for 
cellular energy needs and are free to pass from cell to 
cell in body fluids. 
 Organic acids: The building blocks of fats and 
lipids, they act as intermediates in the breakdown and 
formation of other substances. 
 Amino acids: The fundamental parts of proteins in 
the body.

 Nucleotides form the basic structural unit of nucleic 
acids, such as DNA and RNA. They also serve to carry 
packets of energy within the cell (ATP). ATP is the 
principle mediator of energy-driven reactions in cells.1

 To understand how these simple molecules create 
larger components, it is important to understand the 
process of polymerization. Polymerization is the 
joining of single molecules into long chains, similar 
to the beads on a necklace. The individual molecular 
substance is a monomer, which forms linkages with 
other monomers to create a polymer (from singular to 
plural).
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 Monomers, the units for polymerization, include 
the organic substances that we have just learned about: 

• Sugars form polysaccharides such as starch, 
glycogen, and cellulose.

• Amino acids form polypeptides or proteins. 
• Nucleotides form polynucleotides or nucleic 

acids such as DNA and RNA.

 In most cases, the sugar units of polysaccharides 
are identical, as in starch, glycogen, and cellulose. 
All of these monomers (single molecules) are glucose 
molecules. This scenario allows for the body to easily 
access sugars as a primary energy source without a 
large expenditure of its own energy. 

 Proteins and nucleic acids, however, are composed 
of non-identical monomers. They are joined together 
(amino acid–amino acid and nucleotide–nucleotide) 
in unique sequences that are characteristic of each 
macromolecule (large chain). This scenario requires 
more energy and organization for biosynthesis (creation 
of more complex products) as well as breakdown for 
use.1

Metabolism

 The understanding of polymerization (multi-
chaining) of these components vital to life sheds light 
on how our bodies can use these components; not only 
for the structure of larger components, but for their 
energy-yielding properties as well. To understand this, 
we must understand the term metabolism.

 Metabolism is the chemical and physiological 
process in the body that provides energy for the 
maintenance of life. These chemical transformations of 
molecules occur in living organisms by the actions of 
enzymes that are under the control of genes, hormones, 
energy state, and end products.1 In simplified terms, it 
is essentially the building up (anabolism) and breaking 
down (catabolism) of essential components that 
provide energy for our existence.

 BMR (basal metabolic rate) or RMR (resting 
metabolic rate) is the amount of energy expended 

to support the ongoing metabolic work of the body’s 
cells. Maintenance of body temperature, heartbeat, 
and respiration are continuous processes that expend 
energy. The energy needs for these processes must be 
met before any calories can be used for physical activity 
or food digestion. This typically accounts for about 
60-70% of the body’s energy supply. For example, a 
person who requires 2000 calories a day will expend 
as many as 1200-1400 of them to support the RMR. 
A person’s RMR can be influenced by a number of 
factors, including age, height, gender, environmental 
temperature, exercise, and diet

 Gradual weight loss of 1-3 lbs per week is ideal. 
Any weight loss over 3 lbs per week tends to involve 
loss of water, which the body is forced to excrete when 
it relies on protein and fat for energy. When regular 
eating resumes, and the body uses carbohydrates as its 
main fuel source, the lost water and the lost pounds are 
regained. 

 The typical body can only burn about 2 lbs of fat 
per week.

Carbohydrates

Basic fundamental facts:

 Carbohydrates are the primary source of fuel in 
the human diet. Carbohydrates are broken down into 
two categories: simple carbohydrates and complex 
carbohydrates.

 Simple carbohydrates, or simple sugars, are 
primarily in very sweet foods, such as fruit juices, 
syrups, honey, molasses, and the majority of the 
processed foods in an industrialized diet, including 
cookies, cereals, and white bread.
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Examples of simple carbohydrates.

 Complex carbohydrates are found in whole, 
unprocessed foods such as potatoes, corn, rice, and 
most vegetables.

Examples of complex carbohydrates.

 Complex sugars are stored as starch or glucose 
polymers (chains). Our bodies break down the complex 
sugar chains, mainly into glucose, in order to digest it 
and absorb them. It then assimilates the sugar into a 
complex storage material called glycogen, which is 
found primarily in the muscle tissues and liver. 

 There are four calories per one gram of 
carbohydrate.
 According to the American College of Sports 
Medicine (ACSM), carbohydrates should comprise 
58% of the body’s total caloric intake for healthy 
individuals.

 The Institute of Medicine published the 
recommendation that 45-65% of total caloric intake 
should be derived from carbohydrates.

 Carbohydrates include sugars and their derivatives. 
Their general chemical formulation is that of the 
combination of carbon with water (C–H2O), or 
hydrated carbon, as the name implies.1 

 There are several types of sugars, but the key sugars 
are galactose, fructose, and glucose. Glucose is the 
most abundant sugar in the body. 

 Carbohydrates are the chief source of energy 
for all bodily functions and muscular exertions. 
They are necessary to assist in the digestion and 
assimilation of other foods. Carbohydrates provide 
us with immediately available calories for energy by 
producing heat in the body. This occurs when carbon 
in the system unites with oxygen in the bloodstream.4 
Basically, carbon meets oxygen, and things get heated.

 For athletes looking for a boost of energy, it’s 
important to choose complex carbohydrates, like 
vegetables, rice, and whole grains, as opposed to 
simple carbohydrates, which convert into sugar 
immediately, are taxing on the liver, and cause a spike 
in blood sugar levels.

 Carbohydrates also help regulate protein and fat 
metabolism. Fats require carbohydrates for their 
breakdown within the liver. Free sugars, particularly 
glucose, are important energy fuels in the nervous 
system, brain, muscles, and many other tissues. To 
understand carbohydrates, it is key to know and 
understand the term glycogen. 

 Glycogen is the stored energy substance produced 
by the polymerization (chaining) of glucose. The 
formation (synthesis) of glycogen by polymerization 
of glucose is glycogenesis. The splitting of the 
glycogen polymer chain, which frees up glucose, is 
glycogenolysis. 

 Glycogen is stored mainly in the liver and muscle 
tissues, as well as in other body tissues.1 When the 
liver is depleted of glycogen, the body will break 
down lean body mass to use as fuel. Muscle glycogen 
stored in muscles is self-serving only to the muscles. 
Because of the large total mass of muscle in the body, 
the total muscle stores of glycogen will exceed those 
of the liver by roughly five times.
 
 Despite this large glucose store, muscle glycogen 
cannot be used to replace depleted blood sugar, since 
the tissue lacks a key enzyme. However, in prolonged 
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starvation (over 24 hours) there is a line of defense 
in the breaking down of proteins and other tissues 
(lean body mass) to release those carbons for glucose 
production. Remember, carbon meets oxygen and 
things heat up to create usable energy. 

 Most of the carbohydrates ingested in a natural diet 
consist of starch, the plant storage polysaccharide 
that is similar in structure to glycogen. Starches are 
considered complex carbohydrates because they 
require prolonged enzymatic action to be broken down 
into simple sugars (glucose) for digestion.4 

 Cane sugar, or sucrose, a disaccharide or double-
sugar (glucose–fructose), is abundant in “civilized” 
diets, and lactose (galactose–glucose) is a significant 
component in a high milk diet. Small amounts of 
glucose and fructose are found in fruits and honey, 
which are very easily digested. Glucose and fructose 
are simple sugars, or simple carbohydrates. Cellulose is 
a plant structural polysaccharide that cannot be a food 
source of carbohydrates for humans, but does provide 
bulk for the motility of the intestinal contents. When 
you are eating a salad, you are ingesting cellulose.

 The Standard American Diet (SAD) is high 
in unhealthy fats, processed foods, and simple 
carbohydrates, and low in fiber. When blood sugar 
levels are drastically fluctuating, we put ourselves at 
risk for health complications like diabetes, high blood 
pressure, heart attacks, and other common issues.

 The most current RDA for carbohydrates is set at 
130 grams per day for adults and children. This is 
based on the average minimum amount of glucose 
used by the brain. However, recent guidelines from 
the U.S. Agriculture and Health and Human Services 
departments recommend that a maximum of 10% 
of daily calories should come from added sugars 
such as high-fructose corn syrup. According the 
National Health Service, an average male adult needs 
approximately 2500 calories a day. 10% of that would 
be 250 calories or about 60 grams of added sugar per 
day. There are almost 40 grams of sugar in 12-oz can 
of Coca Cola and about 90 grams in a 32-oz Big Gulp 
which translates to 160 and 360 calories of added 
sugar.

 The Institute of Medicine has recommended as 
a guideline that 45-65% of calories should come 
from carbohydrates. Carbohydrates from whole food 
sources should make up the bulk of the diet for many 
sound reasons, but mainly because they are loaded 
with antioxidants and fiber—protein and fats are not 
adequate sources of these nutrients. The research has 
shown diets high in protein and fat to be correlated 
with cardiovascular disease and cancer.

 Only monosaccharides (glucose) are absorbed in 
any significant extent from the gastrointestinal (GI) 
tract. Examples of monosaccharides include glucose 
(dextrose), fructose (levulose), galactose, xylose, and 
ribose. Therefore, the carbohydrates, disaccharides, 
and polysaccharides must be broken down by specific 
enzymes, which include salivary and pancreatic amy-
lase, maltase, lactase, and sucrase. 

 The liver serves as the major metabolizer and 
regulator of dietary carbohydrates. Remember, the 
major carbohydrate that emerges from the liver is 
glucose. One of the principal metabolic functions of 
the liver is to act as a blood glucostat. The blood 
glucostat’s job is to convert excess incoming glucose 
into glycogen (glycogenesis) in times of plenty, and 
to reconvert glycogen to glucose (glycogenolysis) 
during periods of food restriction, thereby maintaining 
an adequate level of glucose in the bloodstream. This 
regulation of blood sugars exemplifies the principle 
recently coined “the zone.” The key to any weight loss 
program is the regulation of blood sugars. Beware of 
diets that restrict too much caloric intake. They may be 
successful at first, but tend to fail in the long run.

 The typical American diet consists of three large 
meals. If these meals are not balanced properly, 
especially if they are primarily simple sugars and 
refined carbohydrates, the effect can be a devastating 
emotional and energy roller coaster. Almost 
immediately after a highly refined carbohydrate meal, 
the blood glucose level rises above the optimum zone 
and we feel full of energy, but only for a short while. 

 The liver senses the flood of blood sugar and signals 
the pancreas to dump insulin into the bloodstream. 
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Insulin removes glucose from the bloodstream, and in 
this scenario a high level of insulin is required to clear  
out most of the blood sugar. Some of the glucose is 
stored as glycogen; the rest is stored as fat. This rapid 
drop in blood sugar causes us to feel tired, weak, and 
even worse, hungry. An unbalanced, high-carbohydrate 
meal will restart the cycle. 

 The following is an example of a woman who is 
consuming carbohydrates throughout her day, making 
her liver work very hard. She may have a bagel in the 
morning (which can have anywhere from 200 to 400 
calories each), which breaks down into glucose very 
quickly, triggering the release of insulin to store it 
either as glycogen or fat. When the blood has a flood 
of glucose, insulin tends to overreact, forcing the blood 
glucose levels to a subsatisfactory level. Therefore, her 
blood sugar is now low, an hour after her bagel. She 
then snacks on another carbohydrate, whether it’s juice 
or a sugar cookie, which breaks down to glucose and 
enters the blood stream very quickly. Again, her blood 
sugar peaks and then bottoms out. She feels light-
headed and ready for lunch. Typically she eats readily 
available refined carbohydrates, such as pasta with 
marinara sauce. Although pasta can be a healthy food 
choice, it is not going to keep her satisfied, because 
there is little or no protein or fat to balance the meal. 
One or two hours later, she is hungry again and snacks 
on another carbohydrate. She ends the day too tired 
to exercise and has yet another low-fat, low-protein, 
high-carbohydrate meal for dinner.

 What is happening to this woman’s body? By the end 
of the day, she has consumed 1200 to 1500 calories, at 
least 80% of those from carbohydrates. The lack of 
protein in her diet caused her body to catabolize her 
precious muscle tissue, if not her vital organs, as its 
source of protein to sustain itself.

 Catabolism of muscle tissue not only makes her 
weaker, but also lowers her metabolism rate. This 
is because muscle tissue requires more energy to 
sustain itself: the more muscle one has, the faster the 
metabolism will be. It is the body’s innate defense 
mechanism for conserving energy. As illustrated in 
the previous example, nutritionists find that the lack 
of fat, particularly essential fatty acids, diminishes 

a person’s ability to metabolize (break down) stored 
fat, especially since their insulin is busy clearing their 
blood sugar to store as glycogen and fat. Again, this is 
one of those innate defense mechanisms to conserve 
energy. 

 To easily improve a diet that contains too many 
carbohydrates, one could keep the same type of diet 
and integrate some protein and fat, which would 
completely change this whole scenario. By eating a 
better mix of protein, carbohydrates, and fat at each 
meal, sticking with complex carbohydrates instead of 
simple sugars, and by “grazing” on smaller balanced 
meals and snacks, it is possible to keep blood glucose 
within an optimum zone all day. The result: A steady 
supply of energy and far less stored fat.

 In review, carbohydrates are classified as simple 
and complex carbohydrates. The final stage of a 
carbohydrate before absorption is glucose. The rate 
at which a carbohydrate is broken down into glucose 
is an important component to consider when deciding 
which carbohydrates to incorporate into the diet.

 Each type of carbohydrate has a glycemic index, 
which is a number (1-100) given to determine the rate 
at which the carbohydrate is broken down into glucose. 
The lower the number, the longer it takes to break 
down, and the higher the number, the faster. Apart from 
diabetes, the glycemic index (GI) concept has been 
applied to sports performance and appetite research. 
Low-GI foods eaten before prolonged strenuous 
exercise have been found to increase endurance time 
and provide higher concentrations of plasma fuels 
(energy from the carbohydrates in the blood stream) 
toward the end of the exercise.16

  In other studies, low-GI foods were found to 
produce greater satiety than foods with high glycemic 
and insulin responses.17 In general, it is optimal to 
incorporate mostly low-GI foods into the diet. High-
GI foods are preferable when a quick supply of 
glucose is needed, such as after prolonged strenuous 
exercise. Remember, high-GI foods can be moderated 
to breakdown more slowly by adding some protein 
and fat. For example, a bagel has a high GI of 72 (pure 
glucose being 100), but if you added peanut butter to 
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the bagel (peanuts have a low GI of 14), the GI for 
the meal will be lowered and therefore converted into 
glucose at a slower rate. Examples of low-GI foods 
are: grass-fed beef, free-range chicken, salmon, cod, 
shrimp, soybeans, flaxseeds, nuts, berries, avocados, 
and asparagus. Examples of high-GI foods are: white 
potatoes, white rice, baked goods, cookies, sweets, 
sodas, some cereals, and Gatorade.  

 Carbohydrates are the most important source of 
fuel for athletic, fit people. Our muscles perform 
very efficiently burning carbohydrates at all levels 
of activity. In fact, carbohydrates are so critical 
to muscular work that when the muscle runs out of 
their stored form of carbohydrate, muscular work 
ceases completely.6 This is called “hitting the wall” 
or “bonking.” The human body fuel stores are 76% 
fat, 23% protein, and 1% carbohydrate. Despite the 
fact that an athlete hitting the wall still might have 
lots of stored fat fuel remaining, carbohydrates must 
be present in order for those fats to be metabolized. 
Because our bodies can only store very limited 
amounts of glycogen (think of how small the liver 
is, where the glycogen is stored), and because we tap 
into this glycogen supply so often throughout the day, 
adequate carbohydrate consumption throughout the 
day is integral to athletic performance. A well-trained 

endurance athlete can store only enough carbohydrate 
(in the form of glycogen) in the muscles and liver to 
run for a maximum of two hours.6 Glycogen depletion 
occurs at an hour to an hour-and-a-half in untrained 
individuals. After that, glycogen depletion causes a 
dramatic plunge in performance and can cause the 
body to “cannibalize” itself for survival.
Total carbohydrate storage capacity in the liver and 
muscles range from just 200 to 500 grams (about 
800 to 2000 calories) of glycogen.6

 If an individual were to have an inadequate 
carbohydrate intake, several events would take place: 
dehydration, poor performance, and a catabolic state 
(body eating muscle). The brain relies on glucose as 
its main fuel source. Therefore, in a state of inadequate 
carbohydrate intake, the brain will signal the liver to 
free up its glycogen to replace depleted blood sugar for 
the brain’s consumption. However, muscle glycogen 
cannot be used to replace depleted blood sugar. In 
essence, once glucose enters the muscles, it is typically 
locked in.2 Because of its limited storage capacity, 
muscle glycogen is sensitive only to its own energy 
requirements. When the liver’s supplies are gone, the 
liver begins gluconeogenesis.

A well-trained endurance athlete can store only enough carbohydrate (in the form 
of glycogen) in the muscles and liver to run for a maximum of two hours.6
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 Gluconeogenesis is the synthesis (creation) of 
glucose from non-carbohydrate sources: lactate, 
pyruvate, glycerol, and certain amino acids. All of 
these processes require a lot of water, and a lot of vital 
fluids are lost in the process. Also, they are not efficient 
sources of fuel for the muscles. Therefore, the body 
becomes dehydrated, which explains why there is a 
quick drop in weight in carbohydrate-restricted diets 
and a quick drop in performance during an endurance 
event. Prolonged carbohydrate-restricted diets are not 
recommended because not only do they put a significant 
amount of work on the liver and kidneys,  they put 
the entire body in a state of catabolism (breakdown 
of other glucose storage to fuel the body, such as your 
muscles). This lowers the rate of metabolism of foods 
at some point to counter the catabolic state. Once 
the individual consumes a normal diet, the body will 
be more inclined to store food as fat. The body has 
developed this innate primal defense mechanism to 
conserve itself, because the body doesn’t know when 
carbohydrates will be readily available. 

Lipids

 Lipoproteins carry lipids between our intestine and 
liver. Basic fundamental facts:

 High source of energy yielding 9 calories per 1 
gram of fat.

 1 pound of fat yields 3500 calories of energy.

 Essential fats must be consumed in the diet. There 
are two key essential fatty acids: linoleic and 
linolenic acid.

 A diet high in omega 3 fatty acids (fish oils) is 
essential to good health
.
 A diet high in saturated fats (most animal fats and 
fried foods) is not associated with good health, and is 
associated with elevated cholesterol levels. 

 According to the ACSM, the diet should consist 
of 20 to 30% fat, with a balance of saturated, 
polyunsaturated, and monounsaturated fats. 2010 
dietary guidelines reduced saturated fat intake to 

less than 10% and replaced the rest with mono-
polyunsaturated fats. 2015 guidelines recommend 
saturated fat intake should be less than 10%, with the 
rest coming from mono-poly unsaturated fats. There is 
no dietary requirement for saturated fats for individuals 
2 years an older.

 Fats or lipids are the most concentrated source of 
energy in the diet. When oxidized, fats furnish more 
than twice the number of calories per gram than  
carbohydrates or proteins. One gram of fat yields 
approximately 9 calories to the body. In addition to 
providing energy, fats act as carriers for the fat-soluble 
vitamins A, D, E, and K.

 By aiding in the absorption of vitamin D, fats help 
make calcium available to body tissues, particularly 
to the bones and teeth. Fats are also important for the 
conversion of carotenes, such as beta-carotene, to 
vitamin A. Vitamin E is a powerful antioxidant and 
is found in healthy high-fat foods such as almonds, 
avocados, and sunflower seeds.

  Fat deposits surround, protect, and hold in place 
organs such as the kidneys, heart, and liver. A layer of 
fat insulates the body from environmental temperature 
changes and preserves body heat. This layer also rounds 
out the contours of the body. Fats prolong the process 
of digestion by slowing down the stomach’s secretions 
of hydrochloric acid. Thus, fats create a longer-lasting 
sensation of fullness after a meal. The substances that 
give fats their different flavors, textures, and melting 
points are known as the “fatty acids.”

Fatty Acids

 There are four types of fatty acids to discuss: 
saturated, monounsaturated, polyunsaturated, and 
trans-fatty acids.
 
 Saturated fatty acids may be synthesized in the 
body and thus are not essential to consume. They tend 
to cause a rise in plasma low-density lipoproteins 
(LDLs) and cholesterol. The specific saturated fatty 
acids in the diet may be important, since all saturated 
fats do not seem to have the same effect on serum 
lipids. The types of saturated fats found in butter, beef, 
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lard, and chicken fat seem to have the greatest effect 
on raising cholesterol levels.4 These fats turn solid at 
room temperature.

 Monounsaturated fatty acids are almost solely 
derived from oleic acid, which can be synthesized 
in the body as well. Therefore, it is not a fatty acid 
that must be eaten. Oleic acid can help reduce bad 
cholesterol levels, which makes it a good choice of fat. 
Olive oil has 75% oleic acid. Cocoa, real chocolate 
from cacao, is also a source of oleic acid. “Mono/
polyunsaturated” refers to foods such as olive oil 
(monounsaturated fat), avocados (monounsaturated 
fat), flaxseed oil (polyunsaturated fat), and salmon 
(polyunsaturated fat).

 Polyunsaturated fatty acids cannot be synthesized 
in the body. They are essential as hormone precursors 
and as components of cell membranes. They must be 
obtained from dietary sources and therefore are the 
essential fatty acids. Both mono- and polyunsaturates 
are usually liquid at room temperature and are derived 
from vegetable, nut, or seed sources, such as corn, 
sunflowers, safflowers, and olives.

 There are two essential fatty acids known as 
polyunsaturated fatty acids, or PUFAs. They are 
linoleic and linolenic acid. Good sources for these 
are flaxseeds and flaxseed oil, safflower, sunflower, 
soybean, corn, and sesame oil. These fatty acids are 
necessary for normal growth and healthy blood, 
arteries, and nerves. They also keep the skin and other 
tissues youthful and healthy by preventing dry and 
scaly skin. They are necessary for the transport and 
breakdown of cholesterol and for the production 
and balance of hormones. One to two percent of 
calorie intake from PUFAs (3 to 6 grams) is enough to 
prevent symptoms of deficiency in most healthy adults. 
If you were to ingest more than three to six grams of 
linoleic acid per day, it would be prudent to take extra 
vitamin E due to the fact that a high intake of linoleic 
acid can be procarcinogenic (able to become damaging 
to the body when taken in high doses). Some natural 
sources of essential fatty acids, such as avocados and 
sunflower seeds, provide vitamin E as well.

 Vegetable shortening and margarine have undergone 
a process called hydrogenation, in which unsaturated 
oils are converted to a more solid form of fat. These 
fats are found in all kinds of processed foods and are 
listed on the label as “partially hydrogenated fats.” 
These transformed fats are called trans-fatty acids, 
and are more dangerous to our bodies than saturated 
fats. Ingested in small quantities, our bodies will 
burn them off as energy and conserve the natural 
fatty acids for more important functions. However, 
if there is an over-consumption of trans-fatty acids 
that exceeds our body’s capacity to break them down, 
disease begins to manifest as our body attempts to use 
altered molecules for vital structures and functions. It 
is highly recommended to limit consumption of this 
fatty acid. Margarine, which is loaded with trans-fatty 
acids, should be used sparingly even though it is lower 
in saturated fats than butter. Estimated average intake 
of trans-fatty acids is about 12 grams per day in the 
US, of which 95% comes from partially hydrogenated 
vegetable oil products such as fast foods, cake mixes, 
soup, and sugary breakfast cereals. The rest are from 
animal products, mainly beef and butter.18 The recent 
recommendation by the U.S. Agriculture and Health 
and Human Service department is to keep intake as 
low as possible. A number of studies have observed 
an association between increased intake of Trans fats 
and increased risk of Cardiovascular Disease (CVD).

 Cholesterol is a lipid, or fat-related substance, 
necessary for good health. It is a normal component 
of most body tissues, especially those of the brain, 
nervous system, liver, and blood. It is needed to form 
sex and adrenal hormones, vitamin D, and bile salts. 
Bile is needed for the digestion of fats. Cholesterol also 
seems to play a part in lubricating the skin. Cholesterol 
has been given a bad rap due to its association with 
arteriosclerosis (thickening and/or narrowing of the 
arterial wall). High cholesterol levels are a risk factor 
for heart disease. However, not everyone with high 
cholesterol gets heart disease. Some individuals are 
genetically predisposed to have high cholesterol levels 
regardless of their cholesterol intake or health status. 
Cholesterol is part of all cell membranes and is a 
precursor to steroid hormones. 
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 Dietary cholesterol is found only in animal foods 
such as egg yolk, dairy products, shellfish, meats 
and poultry. One of the key recommendations from 
the 2010 Dietary Guidelines to limit consumption of 
dietary cholesterol to 300 mg per day is not included in 
the 2015 edition from the U.S. Agriculture and Health 
and Human Service departments. However, this 
does not suggest that dietary cholesterol is no longer 
important to consider when building healthy eating 
patterns. In general, foods that are high in cholesterol 
such as fatty meats and high-fat dairy products are 
also higher in saturated fats. Current average intake of 
dietary cholesterol among those 1 year and older in the 
United States is approximately 270 mg per day. 
 The National Cholesterol Education Program has 
recommended that cholesterol levels remain below 
200 mg/dl.3 However, normal cholesterol levels 
range from 120 to 260 mg/dl.3

 Cholesterol levels are increased by excessive 
caloric intake regardless of the source of the calories. 
The kind of fat in the diet as well as the amount can 
have a considerable influence on cholesterol and 
other serum lipids. High saturated fat intake has the 
most negative influence on cholesterol levels. Serum 
lipids are comprised of various lipoproteins (fatty 
substances like fats, oils, cholesterol, carotene, and 
vitamin E) carried in an envelope made of protein and 
phospholipid (lecithin-like) materials. Specifically, 
lipoproteins refer to transport vehicles for fats and 
cholesterol in our blood and lymph fluids. Our bodies 
already produce an adequate amount of cholesterol 
and it is not necessary to consume more. 

 These types of foods are high in cholesterol: egg 
yolks, butter, cheese, beef, cream, etc. 

 Lipoproteins carry lipids between our intestines, 
liver, and body cells. There are five classes of 
lipoproteins, each of which contain triglycerides, 
cholesterol, and phospholipids in different proportions. 
Each type consists of a lipid and protein composition 
that give it a specific size and density. As the proportion 
of protein goes up, density increases and size decreases.

 The five classes are, in order of size and density: 

• Chylomicrons (the largest, containing the largest 
proportion of lipids and the least protein)

• Very-low-density lipoproteins (VLDLs)
• Intermediate-density lipoproteins (IDLs)
• Low-density lipoproteins (LDLs)
• High-density lipoproteins (HDLs) (the smallest, 

containing the most proteins)

 The two most important lipoproteins are LDLs 
and HDLs. LDLs contain the greatest amount of 
cholesterol and may be responsible for depositing 
cholesterol on the artery walls, hence their reputation 
as “bad” cholesterol. 

 Levels of LDL cholesterol higher than 160mg/
dl are classified as high-risk LDL.2 LDL cholesterol 
can be lowered by exercise, weight loss, decreasing the 
overall percentage of fat calories, and incorporating a 
better balance of monounsaturated and polyunsaturated 
fats into the diet.
 On the other hand, HDLs are responsible for 
removing cholesterol from the cells in the arteries 
and transporting it back to the liver for repackaging 
and removal from the body. Studies have shown that 
individuals with higher levels of HDL have less heart 
disease. Thus, HDLs have become known as “good” 
cholesterol. HDL cholesterol below 35 mg/dl is 
considered a risk factor for coronary heart disease.2 
Consistent exercise will raise the levels of HDL.

 Total Cholesterol: HDL + LDL ÷ HDL = Total 
Cholesterol Ratio. The basic rule of balance is to 
have a high amount of HDLs in your body relative 
to your total amount of cholesterol. The ratio of total 
cholesterol should always be less than 5.0. If a person’s 
total cholesterol was 200, then their HDLs should be 
at least 40.

 Fiber in the diet has been shown to be highly 
effective at indirectly lowering cholesterol levels. It 
does so by increasing bulk in the diet, which leads to 
a greater sense of fullness, which in turn can decrease 
the likelihood of overeating for the rest of the day. 
Because fiber also absorbs water, it “keeps things 
moving” in the intestinal track, and the absorption of 
fat and cholesterol decreases.
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 A target of 25-30 grams of fiber per day is 
necessary for optimal health. 40 to 50 grams of fiber 
per day has been suggested for cholesterol reduction. 
ACSM has suggested that a daily intake of no more 
than 30% of calories from fat is compatible with good 
health.

Proteins

Basic Fundamental Facts:

 Protein is found in various foods such as animal 
flesh, organ meats, eggs, dairy, nuts, seeds, and various 
combinations of grains and legumes.

 Amino acids are the building blocks of protein. 
There are 20 amino acids; 9 of these are essential in 
the diet.

 Essential Amino Acids: phenylalanine, valine, 
threonine, methionine, tryptophan, histidine, 
isoleucine, lysine, and leucine

 1 gram of protein equals 4 calories.

 According to the ACSM, 12% of the diet should be 
protein.

 In 2002, the Institute of Medicine published 
the recommendation that 10-35% of total caloric 
intake be derived from protein.

 Next to water, protein is the most plentiful substance 
in the body. Protein is a substance containing nitrogen 
and is one of the most important elements for the 
maintenance of good health and vitality. It is of primary 
importance in the growth and development of all body 

tissues. It is the major source of building material for 
muscles, blood, skin, hair, nails, and internal organs, 
including the heart and brain. Protein is needed for 
the formation of hormones, which control a variety of 
body functions such as growth, sexual development, 
and rate of metabolism. Protein also helps prevent 
blood and tissues from becoming either too acidic 
or too alkaline, and helps regulate the body’s water 
balance. It is also important in the formation of milk 
during lactation and in the process of blood clotting.

 Enzymes and antibodies are examples of 
proteins. Enzymes are substances necessary for 
basic life functions, and antibodies help fight foreign 
substances in the body. They are also formed from 
protein. Because protein is the biological structure for 
many vital substances in our makeup, a deficiency in 
protein can not only catabolize muscle tissue, but also 
weaken the immune system, slow the metabolic rate, 
cause hormonal imbalance as in PMS, increase hair 
loss, and cause an overall feeling of weakness.

 Aside from being the major source of building 
material for the body, protein may be used as a source 
of energy, providing four calories per gram of protein. 
However, this energy function is spared when sufficient 
fats and carbohydrates are present in the diet. Excess 
protein that is not used for building tissue or energy 
will be converted by the liver and stored as fat in the 
body tissues.

 Under normal resting conditions, we derive only 
1-2% of our total fuel (ATP recycling) requirements 
from protein metabolism.6 Protein’s contribution to 
energy only becomes significant under circumstances 
that the body recognizes as “survival situations.” 
These situations are vigorous exercise for more than 
one or two hours without taking in any fuel during 
the exercise, or during starvation, deprivation, or very 
low-calorie diets. In these situations, the body will 
cannibalize its muscle tissue for emergency fuel instead 
of fat, because muscle tissue is the largest consumer 
of energy in the body. The results are less energy for 
exercise, less muscle tissue, lower metabolism, and an 
increased tendency to store calories as fat rather than 
burn them as fuel.




