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RELATIONSHIP BETWEEN GLYCOLYSIS,
THE KREBS CYCLE AND THE ELECTRON TRANSPORT CHAIN
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EXERCISE PHYSIOLOGY CARDIOVASCULAR RESPONSES TO GRADED EXERCISE
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Skeletal muscle subcellular structure. Depolarization of sacolemma in T-tubule region

induces Ca2- release from sarcoplasmic reticulum (SR), which causes muscle

shortening. Ca2+ is resequestered by SR during relaxation. (From Selkurt EE: Basic
Physiology for the Health Sciences. Boston: Little, Brown and Co. 1982.)

Molecular components of skeletal muscle thick (myosin) and thin (actin) filaments.
Interaction of myofilaments and conformational changes in crossbridge formation
increases myofilament overlap and results in muscle shortening. (From McArdie
WD Katch F, Katch V; Exercise Physiology. Philadelphia: Lea & Febiger, 1981.)
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H(A) Monoglyceride      (B) Monoglyceride (C) Diglyceride

Mono and diglyceride. The fatty acid attached to the glycero in a monoglyceride may be attached either to one of the end
carbons (a) or to the middle carbon (b) In a diglyceride two fatty acids are attached to the glycerol molecule.

LIVER BLOOD

Galactose and fructose Glycogen
from food

Blood
Glucose from food Glucose Glucose

Certain amino acids from
food or catabolism of
body proteins

Lactic acid

Glycerol from Lactic acid
catabolism of fat carried by
in adipose tissue blood from

muscles to liver

Source of blood glucose. The use of amino acids, glycerol and lactic acid to form glucose is called gluconeogenesis.
The liver is able to obtain glucose from these many sources to maintain normal blood glucose.

 DIGESTION OF CARBOHYDRATES

 ORIGIN OF ENZYME ENZYME SUBSTRATE* PRODUCTS FORMED

 Salivary glands in mouth Salivary amylase Starch Mostly dextrins, and a little maltose
 Pancreas Pancreatic amylase Starch and dextrins
 Small intestines Maltase Maltose Glucose
 Small intestines Sucrase Sucrase Glucose and fructose
 Small intestines Lactase Lactose Glucose and galactose

*Substrate is the substance an enzyme acts upon.
Nearly all the digestion of carbohydrates occurs in the duodenum and jejunum. The bulk of starch digestion rests from the
action of pancreatic, not salivary, amylase. The end products of digestion of a mixture of the commonly occurring carbohy-
drates in foods are glucose, fructose and galactose.
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ESSENTIAL AND NONESSENTIAL AMINO ACIDS

ESSENTIAL NONESSENTIAL
AMINO ACIDS AMINO ACIDS

Histidine Alanine
Isoleucine Arginine

Leucine Asparagine
Lysine Aspartic acid

Methionine* (a) Cysteine* (and cystine* (a) (b)

Phenylalanine Glutamic acid
Threonine Glutamine
Tryptophan Glycine
Valine Hydroxylysine

Hydroxyproline
Proline
Serine
Tyrosine *(c)

* (a) Methionine, cysteine, and cystine contain sulfur, and are frequently designated “the sulfur-containing amino acids”

 (b) Cystine is made up of two cysteine molecules linked together.
 (c) Tyrosine is synthesized in the body from phenylalanine.

CLASSIFICATION, CHEMICAL COMPOSITION AND FOOD SOURCES OF FATTY ACIDS IN FOODS

 CLASSIFICATION COMMON NAME   NO. OF CARBON AND FORMULA*    FOOD   SOURCES
 DOUBLE BONDS*

Saturated Butyric  4:0 CH3CH2CH2COOH Butter
Caproic  6:0 CH3(CH2)4COOH Butter
Caprylic  8:0 CH3CH2CH6COOH         Coconut oil, butter
Capric 10:0 CH3(CH2)8COOH   Palm oil, butter, coconut oil
Lauric 12:0 CH3(CH2)10COOH        Coconut oil, butter
Myristic 14:0 CH3(CH2)12COOH Butter, coconut oil, nutmeg fat
Palmitic 16:0 CH3(CH2)14COOH       Beef, pork, and lamb;

 most vegetable fats
Stearic 18:0 CH3(CH2)16COOH        Beef, pork, and lamb;

 most vegetable fats
Arachidic 20:0 CH3(CH2)18COOH          Peanut oil and lard

 Monoun- Palmitoleic 16:1 CH3(CH2)5CH=CH(CH2)7COOH Butter and seed oils
 Saturated Oleic 18:1 CH3(CH2)7CH=CH(CH2)7COOH Olive oil, meats, and most

other fats and oils

 Polyun-
 Saturated Linoleic 18:2       CH3(CH2)4CH=CHCH2CH= Corn, cottonseed, soybean,

 CH(CH2)7C00H sunflower, safflower oils,
 poultry, walnuts

Linolenic 18:3 CH3CH2(CH=CHCH2)2CH  Soybean oil, other vegetable
=CH(CH2)7C00H   oils, egg yolk

Arachidonic 20:4 CH3(CH2)4(CH=CHCH2)4 Very little in foods
(CH2)2C00H

* First figure indicated number of carbons; figure after colon indicated number of double bonds.

** To save space. (CH
2)4 for example, means the group                     occurs four times in the formula.
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Learn to Read and Understand Food Labels

A generation ago, most people had no idea what sorts of
ingredients could be found in the foods they were eating, much
less the exact amount of each nutrient per serving. Today’s new
food labels, which are called nutrition facts, make smart eating
almost foolproof. If you learn to understand and follow the label,
you can’t go  wrong. There are a few basic elements to a food
label that require a little explanation:

Be aware that everything on the food label will be relative to the
serving size printed on that label. Not that you need to restrict
yourself to the serving size specified, but be aware that when
you double the serving size, you also double the amount of each
nutrient and calorie in that serving.

The right-hand column contains the percentages of Daily Values
of each of the nutrients listed. As your label clearly states below,
these percentages are based on a 2000 calories per day diet in
which 30% of all calories are from fat. The grams listed in the
column on the left are far more meaningful.

Total Calories and Calories from Fat are the first number you’ll
read on the label that have real meaning. From these you can
determine the percentage of this food or this ingredient that
comes from fat. Simply divide fat calories by total calories to
get that percentage number. As a rule of thumb, you should try
to stay away from anything that derives more than one-third  
of its calories from fat.

The next major category is Total Carbohydrate. While this
number may give you an idea of overall carbohydrate content,
the more interesting number appears just below it. The higher
the  Dietary Fiber the better, and the lower the Sugars the better
(since the remaining balance is likely to be the more desirable
complex carbohydrate).
Next is Protein, expressed in grams. Try to keep a tab throughout
the day of the total grams of protein you’re consuming. A little
protein with every meal helps even out energy levels by reducing
the amount of insulin you produce as  a response to the
carbohydrate content of your meals.

Nutrition Facts
Serving Size 1 entree
Serving Per Container 1

Amount per serving
Calories 280 Calories from Fat 110

% Daily Value*

Total Fat 18%

 Saturated Fat 5g 25%

Cholesterol 40mg 13%

Sodium 610 mg 25%

Total Carbohydrate 27g   9%

 Dietary Fiber 4g 16%

Sugar 5g

Protein 16g

Vitamin 24% Vitamin C 2%

Calcium 10% Iron 20%

*Percent Daily Values are based on a 2000 calorie diet.
Your daily values may be higher or lower depending on
your calorie needs:

Calories; 2000 2500

Total Fat Less Than 65g 80g
Saturated Fat Less Than 20g 25g
Cholesterol Less Than 65g 80g
Sodium Less Than 2400g 2400g
Total Carbohydrate 300g 375g
Dietary Fiber 25g 30g

A generation ago, most people had no idea what sorts of
ingredients could be found in the foods they were eating,
much less the exact amount of each nutrient per serving.
Today’s new food labels, which are called nutrition facts,
make smart eating almost fool proof. If you learn to
understand and follow the label, you can’t go wrong. There
are a few basic elements to a food label that require a little
explanation.

Be aware that everything o the food label will be relative to
the serving size printed on that label. Not that you need to
restrict yourself to the serving size specified, but be aware
that when you double the serving size, you also double the
amount of each nutrient and calorie in that serving.

The right-hand column contains the percentages of Daily
Values of each of the nutrients listed. As your label clearly
states below, these percentages are based on a 2000 calories
per day diet in which 30% of all calories are from fat. The
grams listed in the column on the left are far more
meaningful.

Total Calories and Calories from Fat are the first number
you’ll read on the label that have real meaning. From these
you can determine the percentage of this food or this
ingredient that comes from fat. Simply divide fat calories by
total calories to get that percentage number. As a rule of
thumb, you should try to stay away from anything that
derives more than one-third of its calories from fat.

The next major category is Total Carbohydrate. While this
number may give you an idea of overall cabohydrate
content, the more interesting number appears just below it.
The higher the Dietary Fiber the better, and the lower the
Sugars the better (since the remaining balance is likely to be
the more desirable complex carbohydrate).
Next is Protein, expressed in grams. Try to keep a tab
throughout the day of the total grams of protein you’re
consuming. A little protein with every meal helps even out
energy levels by reducing the amount of insulin you produce
as a response to the carbohydrate content of your meals.
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How to Read and Understand Food Labels 

Nutrition Facts
Serving Size 1/2 cup (140g) Cooked
Serving Per Container 1

Amount per serving
Calories 280          Calories from Fat 110

% Daily Value*

Total Fat  3g 5%

Saturated Fat 5g 0%

Cholesterol  0mg 0%

Sodium         15mg 1%

Total Carbohydrate 30g            10%

 Dietary Fiber 4g 16%

Sugar 0g

Protein 6g

Vitamin A 0% Vitamin C 0%

Calcium 2% Iron 8%

*Percent Daily Values are based on a 2000 calorie diet.
Your daily values may be higher or lower depending on
your calorie needs:

 Calories:      2000      2500

Total Fat Less Than 65g 80g
Saturated Fat Less Than 20g 25g
Cholesterol Less Than 300g 300g
Sodium Less Than    2400g  2400g
Total Carbohydrate                      300g      375g
Dietary Fiber 25g 30g

Carlories per gram
Fat 9 Carbohydrates 4  Protein 4

ritocate, Whole Bunchwheat, Whole Barley,

INGREDIENTS:
Whole Oats, Long Grain Brown Rice, Whole  Hard Red Winter
Wheat, Whole T
Sesame Seeds

a.

b.

c.

d.

f.

g.

h

e.

i.
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New labels have fairly realistic estimations of serving size. Keep in mind that the rest of the label contains information
relative only to this listed serving size or portion, not necessarily the whole bag, box or can. If you intend to eat double
or triple or half the listed serving size, be sure to double or triple or  halve the other numbers on the label.

Calories per serving should be self-explanatory. More important is calories from fat. To determine exactly how “fat-
free: or fat-laden each serving is, divide “calories from fat”. If it is less than 30%, you should be OK, provided you 
are eating substantial amounts of complex carbohydrate-rich foods (which will, almost by definition, be very low in 
fat). And even if this particular product contains fat in an amount higher than 30%,  your main goal number is still total 
fat grams per day.

% daily value is a  general reference guide based on an assumed daily calorie intake of 2,000 and the government’s
recommendation that 30% of you calories come from fat and 60% carbs. Your number will probably be different,
although not by much, so just note that all the numbers in this column express a percentage of that theoretical 2,000
calorie 60%-30%-10% diet.

Obviously, the number everyone is concerned with is fat, and all labels get this news out of the way first. Total fat grams
are what we are most interested in tracking, so pay close attention to this one. As for the saturated/unsaturated breakdown,
as was mentioned before, if your total fat intake is under control and you are eating mostly unprocessed foods, you
should be O.K.

"Total carbohydrate" is the main number to seek out in this category. Higher dietary fiber is considered good, a low
number for “sugar” is also considered good, since this refers to simple sugars. Assume that most of whatever is not
sugar will be complex carbs. Remember that we are looking to get a handle on grams per day.

Protein, expressed in grams per serving, ought to be self-explanatory, Remember, though, this won’t identify the amino
acid breakdown of your protein, just total grams per day.

Vitamin content is expressed only as a percent of the RDA. Note whether your foods are “nutritious” beyond just the 
three fuels.

This area has nothing to do with what’s inside. It is a reference guide for the consumer to see what the government’s
recommendations for an average 2,000 calories or 2,500 calories diet should be. By now, you already know about
1000% more than the average consumer, so disregard this.

New labels are required to list ingredients more specifically than in the past. This may assist you in identifying foods
that contain too many artificial ingredients, colorings, additives and preservatives - so you can avoid them, obviously.

b.

a.

c.

d.

e.

f.

g.

h.

i.

How to Read and Understand Food Labels 
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This is how to use the information in the previous chart to calculate the calories you’ll burn doing your
aerobic exercise.
EXAMPLE: Jill weights a total of 130 pounds. She attends aerobic dance classes at her local health club.
The workouts last 45 minutes, after a brief warm-up, and are usually at a medium intensity. Referring to the
chart, Jill would see that a 130-pound person burns 6.1 calories per minute doing aerobics at this level: 45
minutes multiplies by 6.1 = 275 calories per workout. The reason she uses her total weight and not just her
Lean Body Mass to figure her calories per minute is because she is carrying around all her fat weight as well
as her lean weight when she exercises.
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Table 1. GI of Some Common CHO Rich Foods (5)

Foods with High GI (>70)
Food Serving Size GI CHO (g) Fat (g)
Graham wafers 4 biscuits 74 22 3
Bagel 1 31 13 1
French baguette 30 g 42 22 1
Kaiser roll 1 roll, 50 g 33 22 1
White bread 1 slice, 35 g 38 18 1
Bran flakes 3/4 cup 74 24 1
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Table 1. (continued)

Foods with High GI (>70)
Food Serving Size GI CHO (g) Fat (g)
Cheerios 30 g 74 20 2
Corn flakes 1 cup, 30 g 84 26 0
Grape nuts 1/2 cup, 58 g 71 47 1
Rice krispies 1 cup, 30 g 82 27 0
Total cereal 30 g 76 22 0
Cupcakes w/ icing & cream filling 1 73 26 3
Scone 1, 38 g 92 90 2
Rice, instant, cooked 1 cup 87 38 0
Rice, long grain, steamed 1 cup, 180 g 109 39 0
Brown rice, boiled 1 cup, 180 g 76 57 2
Premium soda crackers 3 biscuits 74 17 4
Rice cakes 2 cakes , 25g 82 21 1
Water crackers 5 biscuits, 25 g 78 18 2
Jelly beans 5, 10 g 80 9 0
French fries 120 g 75 49 26
Pretzels 50 g 83 22 1
Potatoes, baked 1, 120 g 93 15 0
Watermelon 1 cup 72 8 0
Pineapple, fresh 2 slices 66 10 0
Gatorade 1 cup 78 15 0
Lucazade 300 ml 95 56 0
Waffles 25 g 76 9 3
Lebanese white bread 1 slice 75 57 2.5
Sourdough bread 1 slice 54 14 1
Wholemeal bread 1 slice 69 14 1
Just right, cereal 3/4 cup 62 38 1
Froot loops cereal 1 cup 69 27 1
Nutri-grain cereal 1 cup 66 20 0
Oat bran, raw 1 1 tbsp 55 7 1
Shredded wheat 1/3 cup 67 18 0
Sponge cake 1 slice, 60g 46 32 4
Carrots, peeled, boiled 1/2 cup 49 3 0
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Table 1. (continued)

Foods with High GI (>70)
Food Serving Size GI CHO (g) Fat (g)
Chicken nuggets 100 g 46 17 16
Orange cordial, diluted 1 cup 66 20 0
Croissant 1 67 27 14
Ice cream 50 g 61 10 6
Fruit cocktail, canned/Natural juice   1/2 cup 55 15 0
Kiwi fruit 1 52 8 0
Mango 1 55 19 0
Orange juice 1 cup 46 21 0
Strawberry jam 1 tbsp 51 18 0
Grapes, green 1 cup 46 15 0
Honey 1 tbsp 58 16 0
Raisins 1/4 cup 64 28 0
Bran Muffin 1 60 34 8
Pasta, linguine, cooked 1 cup 46 56 1
Pasta, rice vermicelli, cooked 1 cup 58 58 0
Pasta, cheese and tomato 2 slices, 230 g 60 57 27
Popcorn, low fat, popped 2 cups 55 10 2
Power Bar, Performance, chocalate 65 g 58 47 5
VO2 max energy bar, chocalate 65 g 49 45 2
Sucrose 1 tbsp 65 5 0
Sweet corn 1/2 cup 55 18 1
Foods with High GI (<70, >45)
Food Serving Size GI CHO (g) Fat (g)
Angel food cake 1 slice, 30 g 67 17 Trace
Banana 1 medium 55 32 0
Baked beans in tomato sauce 1/2 cup 48 21 1
Digestives biscuits 2 59 21 6
Rich tea biscuits 2 55 16 3
Pita bread 1 piece 57 38 1
Light rye bread 1 slice 68 23 1
Apple juice, unsweetened 1 cup 40 33 0
Dried apricots 5-6 pcs, 30 g 31 13 0
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Table 1. (continued)

Foods with High GI (<45)
Food Serving Size GI CHO (g) Fat (g)
All bran cereal 1/2 cup 42 22 1
Chickpeas, boiled 120 g 33 22 3
Apple 1 medium 38 18 0
Cherries 20 pcs 22 10 0
Grapefruit 1/2 medium 25 5 0
Orange 1 medium 44 10 0
Pear 1 medium 38 21 0
Skim milk 1 cup 32 13 0
Pasta, fettucine, cooked 1 cup 32 57 1
Spaghetti, cooked 1 cup 41 56 1
Peanuts, roasted, salted 1/2 cup 14 11 40
Rice noodles, fresh 1 cup 40 44 0
Snickers 59 g bar 41 35 14
So good Soy drink 1 cup 31 12 9
Pizza, super supreme 2 slices, 268 g 36 72 31
Soya beans, boiled 1/2 cup 18 10 7
Yogurt, extra-lite strawberry 200 g 28 33 2
Prunes, pitted 6,40 g 29 24.8 0
Plain white chocolate 29 g 42 17.9 8.8
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FAT BURNING ZONE- Heart Rate_________

ANAEROBIC THRESHOLD- Heart Rate_________

PEAK TRAINING- Heart Rate_________

STAGE TRAINING - Level 2

SPEED--
INCLINE--

SPEED--
INCLINE--

STAGE I   30-60 Minute workout.

5 Mins. Warm-up      Total Workout 30-60 Minutes

FAT BURNING / RECOVERY DAY

STAGE II    28 Minute Interval. Repeat once per workout if needed.

10 Minutes                                5:00 Minutes                 5:00 Minutes                5:00 Minutes   

WARM-UP / FAT BURNING       AT          FAT BURNING         AT         FAT BURNING        AT         FAT BURNING

STAGE III    15 Minute Interval. Repeat 2, 3 or 4 times per workout.

WARM-UP                 ANAEROBIC THRESHOLD                 PEAK          AT          PEAK         COOL DOWN

SPEED--
INCLINE--

:30 sec.
:30 sec.

:30 sec.
:30 sec.

:30 sec.

5 Minutes

1:00 Min. 1:00 Min.

5 Minutes

1:00 Min. 1:00 Min. 1:00 Min.
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High Intensity Day-B 15 minute workout

5 min. Warm-up                                                                                                     5 min.

warm-up                                    AT              Keep HR at Peak-reduce workload           AT             cool down

High Intensity Day-A 15 minute workout

5 min. Warm-up                                                1 min. 5 min.

warm-up                                    AT                AT              PEAK            REC           PEAK        cool down

Medium Intensity Day-B 14 minutes

5 min. Warm-up                                        :30                                   :30                                5 min.

warm-up                                   AT                REC              AT              REC              AT            cool down

Medium Intensity Day-A 28 minute workout

10 min. Warm-up                                  5 min. 5 min. 5 min.

warm-up                                   AT               REC               AT              REC              AT           cool down

Low Intensity Day 30-60 minute workout.

5 min. Warm-up     

Recovery/Fat Burning day

Recovery Zone: Heart Rate_________ Calories_________

Anaerobic Threshold: Heart Rate_________ Calories_________

Peak Training: Heart Rate_________ Calories_________

WORKLOAD

WORKLOAD

1 min. 1 min. 1 min.

WORKLOAD

1 min.
1 min.

1 min.

WORKLOAD

1 min.
1 min.

1 min. 1 min.

WORKLOAD

1 min.

1 min.
1 min.

1 min. 1 min.
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