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““If we could give everyIf we could give every
individual the right amountindividual the right amount

of nourishment andof nourishment and
exercise, not too little andexercise, not too little and

not too much, we wouldnot too much, we would
have found the safest way tohave found the safest way to

health.health.””
Hippocrates c.460-377 BCHippocrates c.460-377 BC
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Building Blocks of LifeBuilding Blocks of Life

•• GrowthGrowth

•• RepairRepair

•• All tissuesAll tissues
–– OrgansOrgans

–– MusclesMuscles

–– BonesBones

–– BloodBlood

–– HairHair

–– GlobularGlobular
proteinsproteins
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What Are They?What Are They?

•• Structural units composed of amino acidsStructural units composed of amino acids
joined together by peptide bondsjoined together by peptide bonds

•• Endlessly complex arrays of diverse formsEndlessly complex arrays of diverse forms
and chemical combinationsand chemical combinations

•• Classifications:Classifications:
–– Peptide = two amino acidsPeptide = two amino acids
–– Tripeptide Tripeptide = three amino acids= three amino acids
–– Polypeptide = up to 100 amino acidsPolypeptide = up to 100 amino acids
–– Protein = 100 or more amino acidsProtein = 100 or more amino acids

•• Single cells contain thousands of proteinsSingle cells contain thousands of proteins
•• Body has about 50,000 different proteinsBody has about 50,000 different proteins
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Amino AcidsAmino Acids

•• Building blocks of proteinBuilding blocks of protein

•• Humans require 20 different amino acidsHumans require 20 different amino acids

ALANINEALANINE

Amino group

Amino acid
side chain

Organic
acid group
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Amino AcidsAmino Acids

•• Amino acids are like the 26 letters ofAmino acids are like the 26 letters of
the alphabet:the alphabet:

A B C D E F G H I J K L M N O P Q R S T U V W X Y ZA B C D E F G H I J K L M N O P Q R S T U V W X Y Z

PROTEINPROTEIN BOYBOY SWEETHEARTSWEETHEART

SUPERCALIFRAGILISTICEXPIALAODOSCIOUSSUPERCALIFRAGILISTICEXPIALAODOSCIOUS

•• When combined in specific order theyWhen combined in specific order they
make meaningful words:make meaningful words:
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Placement Gives MeaningPlacement Gives Meaning

•• A single letter canA single letter can
make a hugemake a huge
difference in thedifference in the
meaning:meaning:

•• Letters can also beLetters can also be
combined to makecombined to make
non-sense words :non-sense words :

WALK

TALKTALK
ERVBWIHPCQZ

Limitless potentialLimitless potential: Proteins formed from linking just three: Proteins formed from linking just three
amino acids could generate 8000 different proteins!amino acids could generate 8000 different proteins!



©2007 Fred Hardinge, DrPH, RD

ProteinsProteins

Sequence is VitalSequence is Vital

•• Sickle cell anemiaSickle cell anemia

•• Caused by the transposition of onlyCaused by the transposition of only
two amino acids in a chain of moretwo amino acids in a chain of more
than 200 AAthan 200 AA

SUPERCALIFRAGILISTISUPERCALIFRAGILISTIECECXPIALAODOSCIOUSXPIALAODOSCIOUS

SUPERCALIFRAGILISTICEXPIALAODOSCIOUSSUPERCALIFRAGILISTICEXPIALAODOSCIOUS
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A Fabulous Design!A Fabulous Design!

I praise youI praise you
because I ambecause I am
fearfully andfearfully and
wonderfully made;wonderfully made;
your works areyour works are
wonderful, I knowwonderful, I know
that full well.that full well.
Psalm 139:14Psalm 139:14



©2007 Fred Hardinge, DrPH, RD

ProteinsProteins

Essential Essential vs vs non-Essentialnon-Essential

•• Humans cannot synthesize eight aminoHumans cannot synthesize eight amino
acids so these must be ingestedacids so these must be ingested
preformed in foods.preformed in foods.

•• Essential amino acidsEssential amino acids::
–– isoleucineisoleucine, , leucineleucine, lysine, , lysine, methioninemethionine,,

phenylalanine, phenylalanine, threoninethreonine, , tryptophantryptophan, &, &
valinevaline

•• Children and some older adults cannotChildren and some older adults cannot
manufacture manufacture histadinehistadine
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Non-essential Amino AcidsNon-essential Amino Acids

•• The body manufactures the remainingThe body manufactures the remaining
amino acidsamino acids

•• These are the non-essential aminoThese are the non-essential amino
acidsacids

•• Does not mean they are unimportant,Does not mean they are unimportant,
just that they are manufactured fromjust that they are manufactured from
other compounds already in the bodyother compounds already in the body
at a rate adequate to meet dailyat a rate adequate to meet daily
demandsdemands
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Complete Complete vs vs IncompleteIncomplete

•• Manufacturing a specific proteinManufacturing a specific protein
requires the availability of appropriaterequires the availability of appropriate
amino acids.amino acids.

•• Complete proteins come from foodsComplete proteins come from foods
that have all the essential amino acidsthat have all the essential amino acids

•• Incomplete proteins come from foodsIncomplete proteins come from foods
that have one or more of the essentialthat have one or more of the essential
amino acids missingamino acids missing
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Difference?Difference?

•• Only in two circumstances:Only in two circumstances:

–– A diet limited in variety of choicesA diet limited in variety of choices

–– And insufficient in caloriesAnd insufficient in calories

•• By combining two or more By combining two or more ““incompleteincomplete””

food proteins a food proteins a ““completecomplete”” protein is made protein is made

(protein (protein complementaritycomplementarity).).

•• Variety of foods consumed is the insuranceVariety of foods consumed is the insurance

of adequate protein of adequate protein nutriturenutriture..
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Quality  of  Proteins

CombinedCombined
GrainsGrains
LegumesLegumes

TRYTRYMETMETLYSLYSILEILE

TryptophanTryptophanTRYTRY

MethionineMethionineMETMET

LysineLysineLYSLYS

IsoleucineIsoleucineILEILE
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Protein QualityProtein Quality

100100

7070

6969

6060

5757

5656

4747

4545

4444

4343

3434

3434

EggsEggs

FishFish

Lean beefLean beef

CowCow’’s milks milk

Brown riceBrown rice

White riceWhite rice

SoybeansSoybeans

BrewerBrewer’’s yeasts yeast

Whole-grain wheatWhole-grain wheat

PeanutsPeanuts

Dry beansDry beans

White potatoWhite potato

Protein RatingProtein RatingFoodFood
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Comparison of Beans  and  BeefComparison of Beans  and  Beef

0.0 g0.0 g1.6 g1.6 g70.15070.150
mcgmcg

6-8 g6-8 g7-9 g7-9 gBeansBeans

96 mg96 mg5.5 g5.5 g11 11 mcgmcg0.0 g0.0 g24 g24 gBeefBeef

CholChol..Sat. FatSat. FatFolateFolateFiberFiberProteinProtein
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Get  Protein?Get  Protein?

•• Grains and legumes provide excellentGrains and legumes provide excellent
protein when combined to provide theprotein when combined to provide the
full complement of the essential aminofull complement of the essential amino
acidsacids
–– Grains low in lysineGrains low in lysine
–– Legumes low in Legumes low in methioninemethionine

•• Body has small pools of reserves thatBody has small pools of reserves that
span mealsspan meals

•• Soy-protein isolates quality ranks withSoy-protein isolates quality ranks with
animal proteinanimal protein
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Food Sources of ProteinFood Sources of Protein

18183 oz.3 oz.
AnimalAnimal

Beef, leanBeef, lean

88
88

8 oz.8 oz.
1 slice1 slice

DairyDairy

Milk, skimMilk, skim
CheeseCheese

77
44
77
66

1414
1111
33

2020
99

1 oz.1 oz.
1 Tbsp.1 Tbsp.
2 oz.2 oz.
2 slices2 slices
1 cup1 cup
3.5 oz.3.5 oz.
1212
½ cup½ cup
1/2/ cup1/2/ cup

PlantPlant

PeanutsPeanuts
Peanut butterPeanut butter
Pasta, dryPasta, dry
Whole-wheat breadWhole-wheat bread
Baked beansBaked beans
TofuTofu
Almonds, driedAlmonds, dried
Chick peasChick peas
LentilsLentils

Protein, gProtein, gServingServingFoodFood
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AmountsAmounts
of Proteinof Protein

9696110110
AverageAverage

AmericanAmerican
ConsumptionConsumption

0.80.80.90.90.90.90.90.9
Grams of proteinGrams of protein

per kg of bodyper kg of body
weightweight

4444505056565959
Grams per dayGrams per day

based onbased on
average weightaverage weight

AdultAdultAdolescentAdolescentAdultAdultAdolescentAdolescentRecommendedRecommended
AmountAmount

WomenWomenMenMen
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ProteinProtein

1.1. Higher metabolic loadHigher metabolic load

2.2. Extra workload on the kidneysExtra workload on the kidneys

3.3. Increased risk of osteoporosisIncreased risk of osteoporosis

4.4. High protein foods associated with high fatHigh protein foods associated with high fat

and cholesterol.and cholesterol.

5.5. High protein foods tend to be lower inHigh protein foods tend to be lower in

fiber.fiber.
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OsteoporosisOsteoporosis

•• Bone density of 80 year old women asBone density of 80 year old women as
good as 60 yr. old non-vegetarians.  good as 60 yr. old non-vegetarians.  JADAJADA

1980:76:148-511980:76:148-51

•• 20 year advantage for a vegetarian20 year advantage for a vegetarian
womanwoman
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Types of VegetariansTypes of Vegetarians

•• Lacto-vegetarianLacto-vegetarian

•• Ovo-vegetarianOvo-vegetarian

•• Lacto-ovo-vegetarianLacto-ovo-vegetarian

•• Pure vegetarianPure vegetarian

–– HygienicHygienic

–– VeganVegan
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BreakfastBreakfast

3131TotalTotal

1212

99

0.250.25

1.751.75

11

33

44

Granola, ¾ cupGranola, ¾ cup

Soy milk, 1 cupSoy milk, 1 cup

Raisins, 1 TbRaisins, 1 Tb

Orange juice, 1 cupOrange juice, 1 cup

Banana, 1 medBanana, 1 med

WW toast, 1 sliceWW toast, 1 slice

Peanut butter, 1 TbPeanut butter, 1 Tb

Protein, gProtein, gBreakfastBreakfast
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DigestionDigestion

•• All proteins brokenAll proteins broken
down into theirdown into their
individual aminoindividual amino
acidsacids

•• ProteasesProteases
•• Utilized byUtilized by

rebuilding therebuilding the
proteins necessaryproteins necessary
for growth andfor growth and
repairrepair

•• Nitrogen balanceNitrogen balance
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VegetarianVegetarian

Using Meat 6+ Days a WeekUsing Meat 6+ Days a Week

•• CHDCHD
–– Men, age 40-54Men, age 40-54

–– Men, age 55+Men, age 55+

–– Women, age 55+Women, age 55+

•• DiabetesDiabetes

•• RATIORATIO
–– 4x4x

–– 2x2x

–– 1.5x1.5x

–– 3.8x3.8x
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CHD and DietCHD and Diet
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Non-Veg. LO-Veg. Total Veg.

Am J Clin Nutr  1978:31:S191-8
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Cancer RiskCancer Risk

•• 41% greater risk of prostate cancer41% greater risk of prostate cancer
Cancer 1989:24:598-606Cancer 1989:24:598-606

•• 66% higher risk of ovarian cancer66% higher risk of ovarian cancer
Environmental Aspects of Cancer, 1993Environmental Aspects of Cancer, 1993

•• Twice the risk of bladder cancer:  UseTwice the risk of bladder cancer:  Use
of beef, poultry or fish more than 3Xof beef, poultry or fish more than 3X
per week doubled the risk.per week doubled the risk.

•• Greater colon cancer risk.Greater colon cancer risk.

•• Greater risk of lymphoma  Greater risk of lymphoma  JAMA 1996:275:1315-21JAMA 1996:275:1315-21

Non-vegetarians have
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against pancreatic canceragainst pancreatic cancer

1.00

0.15

0.0

0.2

0.4

0.6
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1.0

1.2

Never Past

Consumption

Protein meat 

substitutes  (p<0.05)

All analyses adjusted for age, sex smoking and the other significant foods.

Relative Risks

1.00
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(p<0.01
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ProteinsProteins Advantage of Eating Beans,Advantage of Eating Beans,
Peas, and Lentils Peas, and Lentils and the risk ofand the risk of

colon cancercolon cancer

1.00
0.75

0.58

-0.1
0.1
0.3

0.5
0.7

0.9
1.1
1.3

1.5

R
e
la

ti
v

e
 R

is
k

<1/week 1-2/week >2/week

Consumption

p<0.01

Adjusted for age, sex, calories and red meat consumption,
obesity, and family history of cancer.
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Guidelines for AdequacyGuidelines for Adequacy

•• Emphasize unrefined foodsEmphasize unrefined foods

•• Include a variety of choicesInclude a variety of choices

•• Adequate caloric intakeAdequate caloric intake

•• Low to moderate proteinLow to moderate protein

•• Moderate fatModerate fat

•• Lots of vegetables and fruitLots of vegetables and fruit

•• (Limited use of eggs, milk, and cheese)(Limited use of eggs, milk, and cheese)



©2007 Fred Hardinge, DrPH, RD

ProteinsProteins From Which FoodsFrom Which Foods
Should We Choose?Should We Choose?

 Fruit  Veg Grains  Beans Nuts Milk  Eggs Meat 

Cancer  X X X X     

Heart disease  X X X X X    

Osteoporosis  X X X X  X   

Obesity  X X X X     

Food poison  X X X X     

Cost X X X X     

Ecology X X X X     

Endurance  X X X X     
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Vegetarian DietVegetarian Diet

•• Vegetarian diets conform more closely toVegetarian diets conform more closely to
major nutritional recommendationsmajor nutritional recommendations

•• Vegetarians do not have to calculate how toVegetarians do not have to calculate how to
lower cholesterol levelslower cholesterol levels

•• Automatically increases dietary fiberAutomatically increases dietary fiber
•• Provides abundance of alpha and betaProvides abundance of alpha and beta

carotenescarotenes
•• Will not have to worry about lowering intakeWill not have to worry about lowering intake

of animal fatof animal fat
•• Eliminates the concern of getting too muchEliminates the concern of getting too much

proteinprotein



©2007 Fred Hardinge, DrPH, RD

ProteinsProteins

Vegetarian DietsVegetarian Diets

•• Provide excellent nutritionProvide excellent nutrition

•• Tasty and satisfyingTasty and satisfying

•• EconomicalEconomical

•• Environmentally soundEnvironmentally sound

•• Result in reduced disease riskResult in reduced disease risk
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for Vegetarian Eatingfor Vegetarian Eating

•• Consume a variety of plant foods toConsume a variety of plant foods to

provide all the essential amino acidsprovide all the essential amino acids

•• Supply sufficient calories from variousSupply sufficient calories from various

foods to maintain adequate weightfoods to maintain adequate weight
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Recommended Serving SizesRecommended Serving Sizes

•• ½ cup of cooked beans or peas (100 grams)½ cup of cooked beans or peas (100 grams)

•• ½ cup tofu (100 g.)½ cup tofu (100 g.)

•• ¼ cup soy alternatives (30 g.)¼ cup soy alternatives (30 g.)

•• 1 egg (50 g.)1 egg (50 g.)

•• 2 egg white (50 g.)2 egg white (50 g.)

•• 1 cup soy milk (commercial)1 cup soy milk (commercial)

•• ¼ cup ¼ cup misomiso

•• ¼ cup soy flour¼ cup soy flour
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