
-

-

ID 499 - HONOR'S COLLEGE THBSIS 

PROPER HUTRITION FOR PEAK ATHLETIC PERFORMANCE IN FElvIALES 

by 

Laura L. Lutes 

Advisor: Dale B. Hahn, Ph.D. 
Associate Professor 
Department of Physiology 

and Health Science 
Ball State University 
December 21, 1983 



- , . (, '~) =~' 

Table of Contents 

-



Table of Contents -
I. A PROPER DIET FOR MOST FEMALES 

A. The Basic Four Minimal Daily Servings 
B. Good Sources for the Basic Four 
C. Modifications for the Female Athlete 
D. Iron in the Diet 
E. Weight Gain After the Season Ends 

II. PROTEIN IN THE DIET 

A. Understanding Protein Metabolism 
B. The Need for Protein while Training 

III. THE ROLE OF DIETARY FAT 

A. The Basic Structure of Fat 
B. Fat as an Energy Source 

IV. CARBOHYDRATES IN ENERGY PRODUCTION 

A. Types of Carbohydrates 
B. Carbohydrate Breakdown 
C. Carbohydrates as Energy Production 
D. Glycolysis 
E. The Reasons for Fatigue 

V. THE ROLE OF VITAMINS 

A. The B Vitamins 
B. Thiamin 
C. Riboflavin 
D. Niacine 
E. Pyridoxine (B 6 > 
F. Vitamin C 
G. Vitamin D 
H. Vitamin E 

VI. MINERALS IN THE DIET 

A. The Role of Minerals 
B. Calcium 
C. Phosphorus 
D. Iodine 
E. Magnesium 
F. Zinc: 
G. Sodi.um 

VII. HELPFUL HINTS FOR THE DIET OF THE FEMALE ATHLETE 

A. Ergonic Aids 
B. Carbohydrate Loading 

i 

Page 

1 

3 
3 
4 
4 
6 

6 

7 
8 

9 

9 
10 

12 

12 
12 
13 
14 
15 

16 

17 
17 
18 
18 
18 
19 
20 
21 

22 

22 
23 
23 
24 
24 
25 
25 

26 

27 
30 



-
VIII. 

IX. 

X. 

-

C. The Pre-Game Meal 
D. Some Conunon Fa1acies in Nutrition for the Athlete 
E. Food Interactions 

TABLES AND GRAPHS 

FOOTNOTES 

BIBLIOGRAPHY 

ii 

32 
34 
35 

38 

51 

59 



-

PROPER NUTRITION FOR PEAK ATHLETIC PERFORMANCE IN FEMALES 

Athletics in training and competition are always searching for 

that ultimate ingredient which just might give them that extra edge 

to win. Unfortunately, that magic ingredient has not yet been 

found. As stated by se veral n utri tionists and exercise phys iologists , 

"In general no type of diet supplementation will improve 
any type of performance in a normal person, on a normal 
diet ... No specific diet will change a moderately endowed 
athlete into a champion, but a sound dietary regimen is 
necessary to produce maximum fitness." 

This paper will present a very broad spectrum of the nutritional 

aspects of a. female athlete in competition and training. The first 

section of this paper will include the proper diet for the average 

female. It will then present modifications of this diet for the 

female athlete, and finally a short surrunary of the best way to 

lose weight j' to enhance performance. The second part of this 

paper will deal with the ways proteins, fats, and carbohydrates are 

used in the production of energy. It will also deal with the 

functions of the major vitamins, minerals, and electrolytes in the 

production of energy. The last section of this paper will deal 

with some food fads, some legitimate diet modifications, such as 

carbohydrate loading, and some special areas where research is still 

needed. 

A PROPER DIET FOR MOST FEMALES 

The basic functions of all of the foods tnat an individual con-

sumes are to provide energy, build and repair tissues, and regulate 
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metabolic functions in the body. The functions of these foods are 

as important in the sedentary woman as in the athlete. 2 The 

athlete's metabolic rate will substantially increase while exercis

ing, and will continue at this elevated level for more than an hour. 

Even witn this increased rate, there is really no substantial dif

ference oetween feeding an athlete and a non-athlete. 3 Both require 

the same basic nutrients, but the athlete will just need more of 

certain foods that will be discussed later. This is true, however, 

only if the athlete is receiving the proper diet and the proper 

nutrition. If she is not, then certain steps need to be taken to 

facilitate this need for a proper diet. 

An adequate diet for any woman is a diet which contains the 

recommended number of calories and nutrients for that individual 

(see Table 1). The problem with this is that much of the time most 

females do not receive this adequate intake of food. Thus, their 

diets are many times lacking in some areas. 4 For example, twelve 

females between the ages of fifteen and twenty-two, on an AAU swim 

team, participated in a food and nutrient intake study. Tnese 

females consumed an adequate number of calories for their ages and 

activity level, yet were deficient in vitamin D and iron. In 

anotner study on women who were not athletes, the minimal number of 

calories recommended for their height, weight, and age were not con

sumed, plus there were deficiencies seen in iron, vitamin D, and in 

some, calcium. In a third study these women consumed too many cal-

ories on the average, and there was still a deficiency in iron. 

Most of the extra calories tended to be from fat sources. 5 

Because of these facts, the athlete as well as the non-athlete 

needs to understand the basic minimal requirements. The modified 
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basic four diet, by Janet King, explains these requirements simply, 

yet efficiently. The basic four groups were divided into two groups; 

the basic group and tile supplemental group. The basic four included 

tne minimal number of daily servings. The supple~ental foods 

included the remaining foods such as fats, sugars, sweets, and 

additions to the basic four. 6 

The Basic Four Minimal Daily Servings 

USDA 

Basic Four Minimal Number of Daily Servings Recommended by the 

1) 2; 2-3 ounce servings meat or meat substitutes 

2) 2 servings of dairy products 

3) 4 servings (3/4 each cup) of fruits and vegetatles 

4) 4 servings of enriched breads and cereals 

Modified liasic Four 

1) 2 servings milk and milk products 

2) 4 servings ~rotein (3 ounces) 
2 of animal protein 
2 of legumes and nuts 

3) 4 servings fruits and vegetables (3/4 each cup) 
1 serving of vitamin C rich foods 
1 serving of dark green 
2 servings of other 

4) 4 servings whole grain cereal products 

5) 1 . f . 17 h . 1 serv1ng at or 01 , suc as peanut 01 , crisco, or 
margarine 

Good Sources for the Basic Four 

Some interesting facts to note, when trying to use these rec-

ommendations are that whole grain foods and cereals contain richer 

sources if vitamin E, B-6, folacin, magnesium, and zinc, more so 

than enriched, refined foods. 8 Some good sources of food for the 
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modified basic four for proteins are meat, fish, poultry, eggs, 

cheese, beans, and nuts. Some sources for dairy products are milk, 

cheese, and ice milk. Some sources for fruits and vegetables are 

greens such as spinach, broccolli, and citrus fruits such as 

oranges, lemons, and grapefruit. Finally some examples of breads 

and cereals are whole grain breads, crackers, spaghetti, and rice. 

There are also some differences mthe amount of servings, according 

to the age of the female (see table 1). One example of this is 

with milk products, which supply a large amount of calcium. Chil-

dren nine years and under should have two to three glasses (8 oz.) 

daily. Children nine to twelve require three or more glasses (8 oz.), 

and teenagers should consume four or more glasses (8 oz.). Adults 

1 , d 'I 9 on y requlre two or more cups al y. 

Modifications for the Female Athlete 

This modified diet can be used as a basis for the competitive 

female athlete, but a few modifications need to be made for her 

10 increased energy output. According to Dr. R~, Professor of 

Nutrition at Ball State University, the additions should especially 

include added carbohydrates, since they are the main source of 

energy for the competitive athlete. This athlete's diet should 

11 contain 50-60 percent carbohydrates. Research has found some 

other nutr~~tdeficiencies in female athletes as well. As mentioned 

before, deficiencies in vitamin D and iron were found to be common 

, f I ' 12 ln ema e S'Wlmmers. 

Iron in the Diet 

The problem of the low iron content in females is not a new 

phenomenon. Athletes, however, can have their performances adver-

sely affected by this low iron content. In one study, for example, 
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the total calorie intake for the women was 2,026 per day, but their 

13 iron intake was well below the RDA for women. This low iron intake 

many times will not show up in iron hemoglobin levels, but is 

obvious in serum ferratin levels. 14 Many times there is also a fall 

in blood pH and a resultant increased blood lactate level. lS These 

conditions were found to precipitate limited aerobic carbohydrate 

metabolism, and an early reliance on anaerobic energy production, 

. . 1 . d f' 16 result1ng 1n actate accumulat10n an at1gue. From this result, 

it is obvious that a low iron intake can severely deter the chance 

for a female athlete to reach peak performance. 

There are three peculiarities included in the iron content of 

female athletes. One.peculiarity involves her increase in blood 

volume. 17 Since there is more blood volume in the female athlete, 

tne red blood cells are going to be dispersed into a larger amount 

of blood. 'rhis is a very important fact to remember when trying to 

determire the iron consumption of tile female athlete. Since there 

is this larger volume of blood, there will be a fewer number of red 

blood cells per milliliter of blood. This could make the individual 

appear iron deficient. 

The second peculiarity involves the female's compensation for 

her suboptimal iron intake. When the female's body is low in iron, 

it takes the iron from the bone marrow to use in the blood. Because 

of this compensation, lower serum ferratin, and serum iron levels 

were found in the female distance runner. 19 Thus, if the runner's 

body had to continually make up for a low iron intake, there would 

be a deficiency in the bone marrow. 20 

The thi.rd peculiarity involved a disturbance in iron absorbtion, 

which result.ed in a faster loss of iron than in normal subjects. 2l 
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Thus, the combination of a disturbance in iron absorbtion and an 

increased iron loss would explain the latent iron deficiency in 

80 percent of female runners. This also explains why the endurance 

runner's adaptation mechanism is not as problem free as it first 

sounds. Besides vitamin D and iron, salt and water replacement should 

22 be adequate. This will be discussed later. 

As Dr. R~ke stated, an athlete's diet should consist of 50-60 

percent carbohydrates. If a competitive athlete were to consume 

5,000 calories per day, she would need 180 grams of protein, 135 

23 grams of fat, and 730 grams of carbohydrates. One should remem-

ber, however, that there are varying needs of calories, according 

to age, type of activity, and intensity of activity (see table 2).24 

Weight Gain after the Season Ends 

'The consumption of additional calories is sometimes dctrimcnt<J.l 

to the competing athlete, after her training season is over. She 

becomes accustomed to her increased calorie intake, and continues 

this high consumption. The resultant body weight may be detrimen-

tal to the athlete's future performances. If the athlete wants to 

lose weight, while in training, she should lose no more than one to 

three pounds per week. If too much weight is lost, water, and pos-

sibly muscle mass will be lost, instead of fat. The best and the 

safest approach for the athlete to take, would be for the athlete 

to start losing the excess weight three to four months before the 

competitive season begins. 25 This should be done so that when the 

practices and competition start, the athlete will not have to worry 

about losing the weight. 

PROTEIN IN THE DIET 

Throughout the years, many coaches and athletes have probably 
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advocated a steak dinner for the meal before the athletic event. 

For example, in Super Food for Super Athletes (Flemming 1968), pro-

tein was proclaimed as the magic pill, which would do wonders for 

athletes. 26 Protein, however, is actually more important for struc-

tual materi.al, rather than energy material. Protein is important 

mainly as Cl source of amino acids, from which an organism can 

build its own structural and functional proteins. 27 The protein 

molecule provides the lattice work around which calcium and phos-

phorus are deposited, to form bones. Collagen, a protein substance, 

gives strength to connective tissues. It also creates the fibers 

that form the tendons, and that make up the sheets that cover the 

28 muscles and hold them in place. Besides providing the basic 

structure for most of the bodies ~issues, amino acids are required 

for the structure of enzymes, hormones, and oxygen carriers. These 

, 1 d h 1 b' h d 'b d' 29 h lnc u e emog 0 ln, cytoc romes, genes, an antl 0 leSe T e 

secondary function of protein is to serve as an energy source, but 

this happens only when the body is depleted of the stored carbohydrates 

and fats. 

llnderstandiny Protein Metabolism 

In order to understand protein metabolism, one should understand 

the chains which make up these proteins, referred to as amino acids. 

Stated very simply, each protein molecule is a chain with links of 

small nitroqen containing molecules called amino acids. The chains 

11 d 1 'd 30 are ca e po ypeptl es. The amounts of the various amino acids 

in the protein chains will determine the food's nutritional value. 31 

One very important fact in the metabolism of amino acids is that 

they depend on the nitrogen from the air, thus proteins would never 

be used in any anaerobic work. The amino acids, which are used for 
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energy, are not clean burning fuels since nitrogen cannot be oxi-

dized by the body. It requires a large amount of energy to convert 

amino acids into a usable form of energy, and they also leave residue. 

The remaining residue is the nitrogen fragment, and the remains of 

other protein substances, which result in urea and uric acid. 32 

Protein breakdown and synthesis is constant as a process in 

the human body. During the growing years, there is also a positive 

nitrogen balance in training which indicates the buildup of the 

muscles. 3) A basic explanation of how the amino acids are metabol-

ized, is that after the amino acids have been digested and absorbed, 

they are transported into the liver, which breaks down the amino 

acids. The liver will then synthesize an amino acid mixture for the 

tissues and plasma proteins, that will channel them into pathways 

of carbohydrate and fat metabolism. Surplus protein cannot be 

stored as amino acids, so the amino acid's carbon is transformed 

into carbohydrate or fat. As mentioned before, the nitrogen is 

oxidized and converted to ammonia, then finally into urea, which 

. d )4 
1S excrete . 

The Need for Protein while Training 

Physical activity significantly increases the need for dietary 

protein. 35 While this is true in most cases, there are a few excep-

tions and some controversy about this statement. The normal 

requirement for the athlete undergoing serious training is 19/kg 

body weight per day.36 Some authorities feel, however, that this 

should be increased during training. There are many different reasons 

for this line of thinking. Training and competition demand greater 

amino acid retention and protein under anabolic circumstances. 37 
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Increases in lean body mass, enzymatic protein myoglobin, and hemo-

globin are typical effects of training. Also the development of 

protein urea, and myoglobin urea also would require higher than 

1 . 1 1 38 M h th norma proteln eve s. any researc ers use ese reasons as sup-

porting evidence of the need for increased amounts of dietary pro-

tein. There has been very little objective experimental evidence, 

h 
. 39 however, to support t ese contentl0ns. 

It is felt that protein supplementation during training is met 

by increased calorie consumption in the normal diet. The only 

time a protein supplement is needed, is when the athlete is not 

receiving the adequate amount of protein from her diet. This, how

eve r I i fl h i <J h 1 y un 1 ike 1 y • 40 

THE ROLE OF DIETARY FAT 

Just as proteins are used predominantly for building blocks, 

fats and carbohydrates are used for energy. Fats are also used 

to protect various organs, as main constituents of some body struc-

tures , and also as carriers for the fat soluble vitamins A, D, E, 

41 
and K. There are also many different types of fats. For clarif-

ication, they will be divided into three main groups: simple, com

pound, and derived. 42 

The Basic Structure of Fat 

The simple fats are primarily triglycerides. These represent 

the main stores of fat in the body, since 99 percent of the body 

fat is in this form. The triglyceride molecule contains glycerol, 

which is not: a fat, and three clusters of fatty acids. The two 

types of fatty acid molecules are saturated and ,unsaturated. The 

saturated fats bond with as many hydrogen atoms as chemically pos-

sible, and do not melt at room temperature. Saturated fats are 
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found in beef, pork, egg yolks, and dairy products. 43 unsaturated 

fatty acids contain at least one double bond, along the carbon chain, 

and do not contain the optimum potential for hydrogens to bind. If 

there is only one double bond, the fatty acid is monounsaturated, but 

if there are two bonds or more, the fatty acid is polyunsaturated. 

These are the fats which melt at room temperature, such as vegetable 

. 1 44 
01 • 

The compound fats are the phospholipids, glucolipids, and lipo-

proteins. The lipoproteins are the most important of these three, 

because they transport the fat in the blood. 45 Finally, the derived 

fats are types derived from simple and compound fats, such as chol-

esterol. Cholesterol is present in all cells, and is either consumed 

in foods or synthesized within the cell. 46 

Fat as an Energy Source 

One would think that fat is the ideal cellular food because each 

molecule carries large quantities of energy per unit weight, lS 

47 easily transported and stored, and is readily converted into energy. 

During sedentary periods, most of the lipid from the fatty acid 

digestion, produces chylomicrons. These are released into the 

lymph, then carried away into the blood stream. After a meal, there 

is usually an elevated blood lipid level. Both the liver and adipose 

t . I . ttl' th . f h hI' 48 1ssue p ay an 1mpor an ro e 1n e process1ng 0 t ese c y omlcrons. 

The fat is a fairly good energy source, because it contains more than 

twice the energy storage capability than carbohydrates or protein. 

However, the slow rate of metabolizing the fat makes it a less effic-

. f . k 49 lent source 0 qU1C energy. 

During prolonged exercise, there is a gradual increase in the 

amount of fat used for energy (see graph 2). When this happens, the 
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fatty acids are derived from three sources: 1. Fat stores in adi-

pose tissues, which are mobilized in response to exercise induced 

elevation of adrenalin; 2. Circulating triglycerides rich lipo

proteins which use fatty acids in hydrolysis. The lipoproteins have 

been shown to increase in muscles with prolonged exercise; 3. The 

fat stored within the tissue itself (this fat has been shown to be 

greater in physically trained subjects, than in untrained subjects) .50 

During these extensive periods of exercise, fat mobilization is init

iated by a hormone sensitive lipase, that hydrolyzes triglyceride to 

free fatty acids and glycerol. 51 "These, then diffuse into the 

blood for t.ransportation throughout the body .•. Using fatty acids for 

energy involves the breakdown of fatty acids to substances that can 

be broken down into CO2 and H20."52 This is the process used to 

produce acetyl-Co-A units which enters into the Krebs cycle to 

eventually produce energy (see illustration 4). 

Exercise also increases mobilization of fat from the adipose 

tissues. In trained athletes there are higher levels of use of the 

free fatty acids during a muscular contraction. In fact, if work is 

at a low enough intensity, over a long period of time, fatty acids 

will contribute from 80-90 percent of the energy.53 With the 

athlete's intensive training, her efficiency of utilizing fat can be 

improved. This is extremely important in endurance events where 

glycogen could be spared as fat is burned. However, in maintaining 

performance at intensities of 60 percent to 75 percent V02 max, 

(percentage of oxygen consumed), even the highly trained athlete 

-- will have to depend on her glycogen store. The reason for this is 

because the fatty acid breakdown process cannot be utilized at a rate 

high enough to benefit the athlete. 54 
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In surrmary, fat is an energy source in a very concentrated form. 

It can be utilized during prolonged low intensity work. Carbohydrates 

are the preferred fuel during sustained high level activity.55 Thus, 

a high fat diet is not recommended. In fact, as Dr. Costill suggested 

in my interview, "A high fat diet could severely deter peak perform

ance for an athlete.,,56 

CARBOHYDRATES IN ENERGY PRODUCTION 

Types of Carbohydrates 

Carbohydrates, as mentioned before, are the main energy fuel 

for the body. The energy derives from the breakdown of carbohydrates 

is used to vower muscular con tractions to serve as a "primer" for 

fat metabolism, and is essential for the proper functioning of the 

57 nervous system. There are three main fOLms of carbohydrates, 

these are: polysaccharides, disaccharides, and monosaccharides. 

Most of the natural foods such as wheat, peas, and beans are poly-

saccharides. These polysaccharides are converted into starch in our 

bodies. The disaccharides include maltose, lactose, and sucrose. 58 

These disaccharides are hydrolyzed to produce monosaccharides. The 

monosaccharides are glucose, fructose, and galactose. 59 

Carbohydrate Breakdown 

The primary end product of the carbohydrate breakdown is the 

monosaccharide, which is represented by glucose. Once digested and 

absorbed, these monosaccharides are transported by the blood to the 

liver and other tissues, where they are metabolized. 60 Glucose can 

be derived from many other sources as well. Galactose and fructose 

can be converted into glucose-6-phosphate. Amino acids, such as 

alanine, can be converted into glucose-6-phosphate. Lactic acid 

can even be converted into glucose. This process .:s accomplished 
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_ by transportation of the lactic acid, by the blood, to the liver, 

-

where it iE; reconverted into glucose. This is, however an energy 

consuming process, and is not just a simple reversal of glycolysis 

(see graph 3).61 There is one result of this blood glucose, it is 

a phosphorilation of glucose-6-phosphate. After this, it is con-

verted into stored muscle glycogen, or it goes into the glycolytic 

pathway to be released as energy. Excessive carbohydrates can be 

converted into triglycerides and stored as adipose tissue. 62 

Carbohydrates as Energy Production 

Carbohydrates, when used for energy, are the most efficient 

sources available to our bodies. Stored muscle glycogen, and blood 

glucose are the main contributors during high intensity exercise. 

Blood glucose may supply as much as 30-40 percent of the total 

. f h ' , 1 63 energy usee or t e exerc1s1ng musc e. The exact amount of glu-

cose utilized will depend, however, on such things as temperature, 

physical conditioning, pre-exercise diet, and the types of exercise. 

There is also a greater demand for carbohydrates, when the flow of 

oxygen in the working muscle does not meet the demand for oxidative 

b I
, 64 meta 0 1sm. During the early minutes of exercise, before the 

oxygen transport system (circulation) has fully compensated for the 

sudden increase in exercise metabolism, carbohydrate serves as the 

65 primary energy source. This carbohydrate is metabolized in the 

muscle, to form Adenosine Triphosphate (ATP). Adenosine Triphosphate 

is the main source of energy for our bodies. In these early minutes 

of exercise, ATP is metabolized without oxygen, so it is anaerobic. 

If energy is needed for continued exercise, a high energy compound 

called phosphocreatine is used (see graph 4) .66 After this, glycogen, 



14 

_ which is derived mainly from carbohydrates, is used as an energy 

-

source for muscles. It is stored in the muscles and can be metab-

olized within the muscle, to produce ATP. This process is also, 

mainly anaerobic. The final, long term source of energy is from the 

aerobic metabolism of glucose (carbohydrates) and some fats (see 

67 graph 4). 

Glycolysis 

This energy transfer system in our bodies is a very intricate 

and marvelous achievement, which takes place whenever needed, in 

most people. There are actually two stages for this breakdown of 

glucose for energy. The first stage involves the breakdown of 

the glucose molecule into two molecules of pyruvic acid. These 

are the anaerobic stages. The second stage is of glucose metabol-

ism. In this stage, pyruvic acid is degraded into carbon dioxide 

and water. Energy transfers resulting from these involve carbon 

electron transport, and oxidative phosphorilation, so they are 

b
. 68 aero l.C. When glucose enters a cell to be used for energy, it 

undergoes a series of chemical reactions called glycolysis (see 

grap!l 5). Glycolysis is a complex series of steps. Stated very 

simply, phospnates activate the carbohydrate molecule. Tnis is 

accoJnt-lll.Sl1ed by A'l'P being broken down into ADP, with energy as a 

result. Glycolsis generates 4 ATP's during substrate reactions. 

There is, however, only a net gain of 2 ATP's. Each pair of elec-

trons produced, going through electron transport permits 3 molecules 

ATP. There are 2 pairs of electrons generated by each glucose unit, 

so there is a total of 6 ATP's added to the previous 2 ATP's.69 

After glycolysis, tl~ pyruvate is transferred into the Krebs cycle. 
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The Kreus cycle is a series of 8 stetJs whic!l eventually produce 36 

ATP's (see graph 6). These ATP's are used as fuel for muscular 

70 work. 

The Reasons for Fatigue 

It seems, witn this energy producing system, that one should 

be able to perform physical work forever. This, however, is obvi-

ously not the case. Tnere are many different theories regarding 

the exact cause of fatigue. Some of the theories are very obvious, 

such as the build up of lactic acid in the muscles, exhaustion of fuel, 

and a fluid electrolyte imbalance, which leads to a reduced metabol

ism. 71 One theory witH two parts to it which works togetner to 

11elp produce fatigue is, a drop in blood sugar, which affects the 

central nervous system. 72 Many scientists feel that the theory of 

fuel exhaustion is not a primary contributor, unless the exercise is 

. 1 1 fl' d f . 73 at a maXlmum eve, or a ong perlO 0 tlme. Many theorists 

agree that instead of first being affected by a depletion of fuel, 

that the drop caused in blood sugar would affect the central nervous 

74 system. It seems that in prolonged exercise, physical exhaustion 

may not be due to changed biochemical state of the muscle, but pos-

siiJly due to lowered blood glucose levels, which affect the neural 

75 state of the muscle (see grapil 7). Dr. Roepke, in my interview with 

her, also agreed that this could be a large contributing factor in 

causing exhaustion. She stated that when a muscle was biopsied, that 

tnere was still an amount of fuel left, which could have been util-

. d 76 lze . The aspect of fatigue is caused by a combination of the many 

variaules mentioned. 

As it can be seen, carbohydrates serve as the major source of 

energy, as well as fuel for the central nervous system. Muscle 
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glycogen and blood glucose are the major fuels during intense exer-

cise. Our bodies need all three types of food stuff: proteins, 

fats, and carbohydrates. If deficiencies result in one area, the 

body will t.ry to compensate for the deficiency, but if the deficiency 

is prolonged for any of the three (especially carbohydrates) a 

resultant detrimental affect on performance will be seen. 

THE ROLE OF VITAMINS 

Carbohydrates, proteins, and fats are all essential to our 

Dodies. Tllere are, however, other important nutrients as well. These 

include the vitamins, minerals, and water. Vitamins represent a num-

ber of organic food sources found in many foods. They are essential 

for the optimum functioning of many bodily functions. They are also 

important in increased levels of activity. There is much contro-

versy as to whether athletes need to supplement their diets with 

increased intakes of vitamins. Advertisements abound about the 

need for increased vitamin intakes. However, except for persons with 

special medical needs, the Food and Nutrition Board of the National 

Research Council, has indicated that there is no available scientific 

77 
justification for recommending the routine use of vitamin supplements. 

Vitamins are in almost everything one eats or drinks. The athlete who 

consumes a well-balanced diet, with the proper number of calories, 

will receive the Recommended Daily Requirement for the various vitamins. 

This statement is the key. Tile diet of the female athlete has to be 

well balanced, and provide the proper number of calories. If it is 

not well balanced, the potential for having a deficiency which would 

ff t f " f' 1 78 a ec I:-ler ormance slgnl lcant y. 

There are actually fourteen different vitamins, each having its 

own function within our bodies. These vitamins are classified as 
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water soluble and fat soluble. Vitamins received in excess amounts 

that can be excreted from the body are the water soluble vitamins. 

These vitamins include the B vitamins (thiamin, riboflavin, niacin, 

B
6

, B
12

) pantothenic acid, biotin, choline, folacin, and vitamin c. 
. 79 

The fat soluble vitamins are vitamins A, D, E, and K. All of 

these vitamins are essential to an athlete's growth and functioning, 

but for the purposes of this paper, I will only discuss the ones 

wnich are most important in the athlete's performance (for a chart 

of the functions of all the vitamins listed, see graph 8). 

Tne B Vitamins 

THe vitamins which seem to affect performance the most, also 

have tended to raise the most controversy. They have been used in 

many scheme.s, for profit. These are the B complex vitamins, and 

vitamin C, D, and E. The u vitamins are water soluble, so they are 

not stored in the human body. The B vitamins which seem to raise 

the most controversy are thiamine, riboflavin, niacin, and pyridox-

. 80 lne. 

Thiamin 

Thiamin (B l ) plays an important role in energy metabolism and 

the nervous system. It also plays an important role in the oxidative 

decarboxilation of pyruvate to acetyle COA, where it enters into 

the Krebs cycle, to ultimately produce ATP. 81 If the thiamin were 

not available, lactic acid would be produced in increased amounts, 

and fatigue would be a possible result. Because of the obvious 

relationship of this vitamin with energy utilization, many people 

jump to the conclusion that the more ingested, the more ATP would be 

produced. However, there is not conclusive evidence that thiamine 



- 82 
intake above the normal RDA will enhance physical performance. 

Foods which contain thiamin include meat, fish, poultry, cheese, 

vegetables, enriched cereals, and milk. 

Riboflavin 

Riboflavin (B 2 ) functions as a coenzyme. Its main role seems to 

18 

be involved with the oxidative reactions occurring in the mitochon-

dria. Good sources for riboflavin include liver, yeast, milk, meats, 

green leafy vegetables, and whole grain breads. There has not been 

very much research as to the effects of riboflavin and athletic 

performance. B3 Since it is involved, however, with the mitochondria, 

which is the energy producer of the cell, false claims of its energy 

producing abilities have been made. B4 

Niacine 

A third u complex vitamin is niacine (B 3 ). Its major function 

is to act as a component to two coenzymes concerned with glycolysis, 

fat synthesis, and tissue respiration. It used to be felt that 

increased niacin levels would lead to increased anaerobic capacity, 

since it served in conjunction to NAD and NADP (these two act as 

h d 
. d . ) 85 . . .. . y rogen acceptors 1n energy pro uct10n. N1aC1ne 1S w1dely d1S-

tributed in such things as peanuts, meat, fish, and grain products. 

More research needs to be conducted on this vitamin, because con-

flicting studies have resulted. Thus far there seems to be no sub-

stantial evidence that even a dietary deficiency would result in a 

detrimental affect on energy metabolism. 86 

Py r idoxine i.!4l 
The last B vitamin to be mentioned, is pyridoxine (B 6 ). This 

is not just one substance, but a term for three functionally related 
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pyridines: pyridoxine, pyridoxal, and pyridoxamine. These pyridines 

play an important role in the reactions of the cell, converting 

amino acids into the particular amino acids necessary for the cell's 

own activity.87 It is also important in oxygen transportation and 

utilization, because it aids in forming hemoglobin, myoglobin, and 

cytochromes. This would lead one to believe that it would aid ~n 

aerobic endurance activities, but no research has been conducted to 

back this up.88 It has also been found that when an athlete eats a 

hign protein diet, the need for pyridoxine increases. Some of the 

foods which contain this vitamin are meats, fish, poultry, and 

h d b d h '" 89 potatoes. More researc nee s to e one on t 1S v1tam1n. 

Research has shown that inadequate amounts of the B vitamins 

Ildve resulted in a decreased capacity to perform endurance activities. 

It may be concluded that a deficiency of the B complex vitamins will 

ledd to a decreased ability to perform endurance work. However, an 

athlete on a proper diet should not encoun ter this chance for defic-

iency. There are many references which recommend that a supplement 

be taken, but unless the athlete's diet is very poor, she will not 

need this supplement. 90 

Vitamin C 

Besides the B vitamins, vitamin C (ascorbic acid) has provoked 

misconceptions. The total role of vitamin C is still not known. It 

is known, however, to aid in synthesis of collagen, in the metabolic 

reactions 0= amino acids, in the synthesis of epinephrine, and in 

91 the anti-inflammatory corticoids of the adrenal gland. Some good 

sources of vitamin C are citrus fruits, tomatoes, white potatoes, 

broccoli, and greens. One should be careful in preparing these, 

since vitamin C can be destroyed by cooking. Massive amounts of 
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this vitamin, besides not helping performance, could actually be 

detrimental to an athlete's performance. Large amounts can cause 

bowel problems, diarrhea, and in some studies have been shown to 

destroy vitamin B
12

, which is essential for prevention of anemia. 

If a deficiency results, over a long period of time, muscle weakness, 

along with a decreased trainability of the muscles results. Once 

again there is wide controversy surrounding the question of an 

increased need for vitamin C, during strenuous athletic training. 

While it is believed that some increase in the intake of ascorbic 

acid could be needed by the training athlete, the amount which is 

needed is still subject to question. 92 

Another area dealing with vitamin C, which should be explored 

involvl2s wound healiny, anu its affect on muscle soreness. Althouyh 

no data is yet conclusive, there has been a relationship established 

between healing tissue, and increased intakes of vitamin C. 93 It 

would be very beneficial to the injuries athlete if it were found 

that vitamin C aids in the healing of wounds. 

Vitamin D 

Vitamin D is a sterol which aids in the absorptive capacity of 

calcium and phosphorus. It also promotes calcification of the bones. 94 

Vitamin D aids in calcium transport, by acting in the nucleus of 

intestinal cells. This induces the production of mRNA for proteins, 

h · h . 11' t' l' b . 95 w 1C W1 1n urn 1ncrease ca C1um a sorpt1on. Vitamin D occurs 

in two forms; D2 which results for irradiation of ergosterol, and D3 

which is a compound in the skin activated by the sun. 96 It is also 

a fat soluble vitamin, which means that excesses will just build up 

in the body. If this build up becomes too large, a toxic effect 
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will result:. Obviously this toxic state would be very detrimental 

to any type of activity, especially any athletic pursuit. Results 

of this toxic affect would be such symptoms as weight loss, vomiting, 

nausea, and loss of muscle tone. There may also be a release of 

calcium from the bones to be deposited in the soft tissues. 97 Because 

of these ill affects of vitamin D, supplementation for the athlete 

is not needed, and could possibly be harmful. If an athlete feels 

that she needs more of this vitamin, she should increase her intake 

of such foods as breads, fish, and fortified milk. 

Vitamin E 

The last vitamin which will be discussed is vitamin E. This is 

also a fat soluble vitamin. Good sources of vitamin E include 

wheat germ oil, margarine, green leafy vegetables, legumes, and nuts. 

Research, once again is needed on this vitamin. One of its primary 

functions is to act as an antioxidant to prevent damage to the cell 

~8 membrane. It is also speculated that it is involved in certain 

activities in the body, such as the formation of red blood cells. 99 

There are various falacies which have been recorded about this 

vitamin, about it being needed in building energy and endurance. 

There have also been reports that it aids in the reduction of the 

accumulated lactic acid in the blood. These reports are highly sub-

jective to ~alse interpretation, since many of the experiments did 

. 1 100 not contaln proper contro . Therefore, as of yet there is no 

real evidence that vitamin E supplementation has any effect on 

improving performance. Since it is a fat soluble vitamin, excesses 

are stored, and there can result in detrimental ·effects. lOl 

In conclusion, vitamin supplements can reverse the symptoms of 

vitamin deficiency. If an athlete consumes her RDA for caloric intake, 
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~ she should not spend her money foolishly because vitamin myths she 

-

will encounter. If, however, her diet is verh haphazard and indes-

criminate, a multivitamin supplement would be recommended to assure 

her that she will receive her adequate needs. While the supplement 

will not allow her to do better than her physical capabilities, it 

. d . f h d f" 102 could be an al 1 s e were e lclent. Many of the facts have 

been clouded, on this subject, because of testimonials by coaches 

dlld dthletes. More research needs to be done on such vitamins as the 

B 1 C E' d D 103 comp ex, , ,an . When more research is done and documented, 

the facts will be able to be separated from,the myths. 

MINERALS IN THE DIET 

Often spoken of, when vitamins are mentioned, are minerals. 

Just like vitamins, there is little need for supplementation of 

these elements if the female athlete ingests the proper diet. Most 

minerals are found in the living cells. They are classified into 

two types; major minerals which are present in large quantities, and 

. 1 1 .. .. 104 trace mlnera s, t10se present ln mlnute quantltles. 

The Role of Minerals 

Minerals serve various functions in the human body. Some are 

utilized as building blocks, such as calcium and phosphorus, in the 

bones and teeth. Iron in hemoglobin, cobalt in B12~ zinc. in insulin, 

and iodincin thyroxine all represent the roles of minerals in enzymes 

105 and hormones. Minerals are also important in such regulatory 

functions as pH buffering, regulation of muscular contractions, nerve 

impulse conductions, and regulation of normal heart rhythm. Of the 

seventeen major and minor minerals, (for complete listing, see chart 

9) only six have RDA's. These six are: calcium, phosphorus, iodine, 
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. . d' 106 magnes1um, Zlnc, an 1ron. Since I have discussed the importance 

of iron earlier in this paper, I will now briefly discuss the 

remaining five, plus briefly mention the importance of sodium. 

Calcium 

Calcium is the most abundant mineral in the body. Ninety-nine 

percent of the body's calcium is contained in the bones and teeth. 

The calcium combines with phosphorus to produce the bones and 

teeth. l07 While it is obvious that most of the calcium is in use, 

the remainder is used in several functions, not related to bone 

structure. It is needed in many enzume systems, in heart and skeletal 

muscle cont.raction, nerve impulse transmission, and blood clotting. 

If there are decreased amounts of circulating calcium, the parathyroid, 

which regulates calcium metabolism, could be affected. A sudden 

- increase in calcium, in its ionized form, can cause respiratory or 

-

cardiac tailure, whereas a sharp decrease of calcium can cause 

108 muscle tetany. One should remember, however, that the chances 

of an imbalance, either way, to cause such erratic behavior, are not 

large. The fact that calcium benefits the functioning nerves and 

muscles, does not mean that by increasing the intake of calcium, one 

will improve his nervous or athletic performance. l09 Thus, if one 

receives the RDA for calcium, this will be sufficient for the indiv-

idual to function at her optimum level without fear of a deficiency 

occurring. 

Phosphorus 

Along with calcium, phosphorus, as mentioned, combines with 

1 . . d h .. d' b . h 110 ca C1um to prov1 e t e r1g1 1ty to ones and teet . Phosphorus 

is also essential to the effectiveness of the B vitamins, plus it 

is an essential ingredient in high energy adenosine triphosphate 
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and creatine phosphate compounds. These two compounds are essential 

f f " III in supplying energy or any type 0 actlvlty. Phosphorus also 

112 buffers certain acid end products of muscular work. It is for 

this reason that there are so many claims by advertisors, coaches, 

and athletes for the high consumption of special phosphate containing 

drinks to improve performance. As of yet there is no evidence to 

. . 113 prove tIllS ass umptlon. 

Iodine 

In the subject of athletic performance, iodine does not have 

much influence, however, it is still an essential mineral. Iodine's 

main involvement is with the thyroid gland, and some enzymes. If 
. 

there were a severe deficiency, a thyroid malfunction would be likely 

114 to occur. 

Unlike iodine, magnesium is vital to man, because it is impor-

tant in regulating body heat, muscle contraction, and protein 

synthesis. It is also important in the formation of muscle and liver 

glycogen from exogenous gludose. During energy metabolism, glucose, 

fatty acids, and amino acids are acted on by magnesium. Magnesium 

1 h 1 · 1 t t' b t b'l" h ,115 a so e ps 1n musc e con rac lons, y sal lZlng t e contractlons. 

In 1974, the National Research Council reported that magnesium defic

iency was rare, because it is widely distributed in foods. 116 "Rus-

sian investigators, however, reported a need for a 30 percent increase 

of magnesiilla of athletes in training. In a recent report (Rose and 

others) the magnesium content, after a marathon race had been signif

icantly reduced.,,117 Since this, not much research has been done to 

study magnesium deficiencies or supplementation for the athlete. lIB 
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Zinc 

Since zinc is a trace element, not much research has been done 

on it, as far as its effect on athletic performance. Zinc is impor-

tant for many enzymes which function in carbon dioxide disposition, 

and the energy metabolism of the muscle. It is also involved with 

insulin now. 119 There has also been some interest in the powers of 

zinc in healing wounded skin, however, most research tends to indi-

., 1 ff . . fl' 1 d 1 . 120 cate that lt 1S on y e ect1ve 1 tle person 1S a rea y ow on zlnc. 

Sodium 

Although sodium is not one of the minerals which has an RDA, it 

receives enough controversy and misinterpretation, that some facts 

on this silllstance should be brought out. Sodium, along with potassium 

and chloride are electrolytes. This means that when ingested, they 

- act as electrically charged particles within the body. These par-

-

ticles maintain the body's fluid balance. This balance includes 

exchanging nutrients and wastes within the body. Electrolytes sodium 

and potassium also maintain proper electrical gradients across cell 

membranes. This differentiation is required for the proper transmis-

sion of nel:ve impulses, for the stimulation and contraction of the 

muscles, and for proper functioning of the glands. l2l 

Salt (sodium) is contained in almost all foods people eat. The 

body, however, contains mechanisms to allow for a wide range of 

sodium intake. Aldosterone is the key mechanism in this regulaiton. 

Sometimes, however, the bodies regulatory system cannot make up for 

excessive losses. These losses would take place in hot weather, with 

excessive sweating. These excessive water and .electrolyte losses 

cause impaired performance, heat cramps, heat exhaustion, or heat 
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stroke. 122 This obviously would severely impair performance. Many 

athletes can lose up to 5 Kg of water in practices or games, because 

of sweating. The immediate treatment for this loss, is to replace 

h h . 123 the water lost t roug sweatlng. Although, in most cases, people 

unconsciously ingest more salt when it is needed, sometimes a slight 

amount of salt should be added to the fluid ingested. The suggested 

amount is 1/3 teaspoon of table salt per liter of water. Although 

this does not seem like much, it is quite efficient to replace the 

fluid and electrolytes which have been lost.124 From this descrip-

tion one should realize that the ingestion of salt tablets is totally 

wlneeded dnd could be very harmful, if done over a long period of 

time. It should also be obvious that water is the essential ingred-

ient that needs to be replaced because it is the loss of this, along 

- wi th the electrolytes, which causes the deficiency symptoms. 

Minerals serve a vast array of functions in the human body. 

While it is not hard to receive the minimum daily requirements for 

these minerals (except possibly iron), a deficiency will result in 

substandard performances. While supplementation for most of these 

minerals is not usually needed, one should try to consume the proper 

diet to receive these minerals. 

HELPFUL HINTS FOR THE DIET OF THE FEMALE ATHLETE 

The last sections of this paper will not be dealing with, what 

would be considered, ordinary nutritional information. This section 

will contain special information, that the female athlete should 

appreciate. This last section will deal with such topics as; ergonic 

acids, carbohydrate loading, pre-game meals, the best time for con--
sumption of other meals, some nutritional myths, and ideas for future 

study. 
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Ergonic Aids 

The idea of ergonic aids has persisted for a long time. Athletes 

are willing to try anything and everything to gain that extra edge. 

Manufacturers and salesmen know this, and have tried every conceivable 

scheme to convince the athlete to buy their product. This~paper will 

discuss the ones most commonly known to athletes, and their benefits 

or hazzards. 

At one time or another, everyone has heard that glucose, dex-

trose, or honey act as quick energy sources during competition. The 

reasoning behind this assumption is that the ingested sugar causes 

insulin to be released from tre pancreas. The insulin then causes 

the blood sugar to be stored in the muscles. The problem with this, 

is that this causes a low blood sugar (hypoglycemia) which will give 

the athlete feeling of weakness. 125 It is obvious then, that a 

these substances would not aid in performance. If anything, ingesting 

any of these substances approximatley an hour before an athletic 

event could elevate the insulin, consequently lowering the blood sugar, 

126 and severely deterring performance. 

Gelatin, has also been reported as possessing an ergonic affect. 

The rationale most commonly used in recommending gelatin is its 

relationship to creatine formation. Since glycine, which is gelatin, 

is considered essential for the formation of creatine, some have 

1 t d t h t 1 t · h 1 f h h .. h 1 127 specu a e : a ge a 1n may e p orm p osp ocreat1ne 1n t e muse e. 

This, however, has not been proven. As far as researchers can spec-

ulate, neither gelatin, nor glycine contain any ergonic effects for 

the athlete. 

The most popularly advertised ergonic aid is wheat germ oil. 

to 
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~ Coaches as well as national and internation athletes swear by it. 

-

Wheat germ oil has been promoted by the Biobin Oil Company as improv-

ing endurance, stamina, and vigor. This oil company does not have 

any studies to back up its claims, but it even has a brochure with 

comments from coaches and athletes. 128 There is also a researcher 

(Cureton 1949) who claims that wheat germ oil is a "wonder aid" for 

athletes. 129 With all of these claims of the magic of wheat germ 

oil, it is not hard to realize the reasons for its controversy. 

The reasons for the imagined success of the wheat germ oil are varied. 

The Shute Foundation for Medical Research claimed that it was the vit-

amin E in the oil which reduced the oxygen requirements for the tissues. 

Others, such as Cureton, reported the ergonic effect was because 

of an alcohol extracted from the germ or embryo of the kernel. 130 

The problem with most of these statements, once again, is that there 

had been no real scientific research to varify them. There have been 

other studies done, which contrast with these statements and findings 

for the effects of wheat germ oil. Because of these conflicting 

reports, and the need for further research, it is felt that wheat 

germ oil can be used as an ergonic aid, but its effects may be 

h 1 . 1 h h' 1 . 1 131 more psyc 0 og~ca , t an p ys~o og~ca • 

Another ergonic aid, which has recently been brought up, is 

caffeine. Unlike the other ergonic aids mentioned, there seems to be 

a possible benefit from its ingestion. It has been shown that con-

suming the amount of caffeine found in two cups of coffee, sixty minutes 

before exercising, significantly extends endurance in moderately 

strenuous exercise. Caffeine does this by stimUlating epinephrine to 

release fatty acids. The fatty acids are then used for energy, instead 

of carbohydrates. 132 

---------"""""""'----- ---------
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This sounds great, unfortunately there are some complications 

in using ca.ffeine. One problem is that athletes who are accustomed 

to drinking normal doses of coffee, will not be affected by ingesting 

caffeine before their athletic events. Also, if too much caffeine 

is ingested, the athlete will become too kinetic and may ultimately 

133 
destroy her carbohydrate stores, at a faster rate than normal. 

In older studies, caffeine was found to increase work performance, 

but in more recent studies (Bugyi, 1941) the caffeine in various 

doses, had no effect on initial strength, final strength, or the 

rate of fatigue. Once again, there are conflicting reports resulting 

from research. 134 More research obviously needs to be done, to 

determine caffeine's actual value, if any. If, however, it is 

found to be of value in enhancing athletic performance, an ethical 

issue will arise involving the morality and legality of using 

caffeine since it is known to be a stimulant. 

The last ergonic aid which will be presented is the high sugar 

variety of replacement fluids. These fluids contain a variety of 

minerals, carbohydrates, salts, and water that the body loses while 

sweating. Ergonic aids of this type, can sometimes be used to 

maximize performance. The key to using one of these solutions, is 

the time of ingestion. If one wishes to facilitate her best perform-

ance, she should ingest the ergonic mixture during the course of the 

long distance event. This will stimulate one's body to burn the 

glycogen more efficiently. It also causes the hormone response to 

b d ' ff t th t h' 1" d 135 , e 1 eren:, us no as muc 1nsu 1n 1S nee ed. The ergon1c 

aid should not be ingested, however, before competition begins. This 

is becuase the high sugar content of the drink will cause the glucose 
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in the blood to transfer into the muscle. This induces a low blood 

sugar, and a resulting feeling of weakness. This does not happen, 

however, while exercising, because as mentioned before, the insulin 

response is different, and the ergonic aid facilitates glycogen 

'1' , 136 Utl lzatlon. If in the long distance run, however, the body 

reaches the point that the muscle fibers are emptied of glycogen, 

even an ergonic aid will not help. The fibers are still producing 

glycogen, but not at a fast enough rate for the amount of energy 

, d 137 reqUlre . In conclusion, it is felt at this time, that the bene-

fit of ergonic aids is more psychological than physiological. The 

use of mixtures, such as Gatorade, however, do have some significance 

if used during a long distance event. An athlete must realize that 

her loss of water should be her main concern. She should also remem-

ber that any ergonic aid will not cuase her to perform better than 

her present capabilities. 

Carbohydrate Loading 

Besides ergonic aids, carbohydrate loading has filled magazines 

and advertisements as a new wonder formula, for producing optimal 

performance. Carbohydrate loading has changed from when the theory 

was first introduced. Bergstrom and Holtman (1972) stated, "that in 

order for glycogen depletion techniques to be most effective, it is 

important that the glycogen stores be maximally depleted through 

xh
. . ,,138 e austl ve exerClse. This depletion of muscle glycogen consisted 

of a depletion stage 4-7 days before the athletic event. This deple-

tion included a maximal energy output workout, plus a diet consisting 

of high fat, high protein, and low carbohydrate 'consumption. In the 

second phase of this, the following 3 days included increasing the 
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carbohydrate intake, and maintaining the protein and fat intake. 

This was to supersaturate the muscles with glycogen. In the third 

phase, four to six hours before the event, the athlete would eat any 

1 d . bl 139 mea eSlra e. 

These three phases of diet have recently been changed through 

extensive research in this area. The research was done because one 

or two bouts of exhaustive exercise are not beneficial for the 

athlete during his "tapering" phase. There is also the fact that 

these exhaustive bouts could increase the chance for injury. Because 

() f t IlL'!3(' d i :;ddvdlltJ(jCS U [ the cJrl.>ohytlr ulc lUddiny luchnitl uu, u s l udy 

was undertaken to determine to what significance the depletion phase 

had on muscle glycogen supercompensation. The study took six well 

trained runners and put them on diets with 15 percent, 50 percent, and 

70 percent carbohydrates. Each diet was consumed during six day inter-

vals. There were also standardized training runs, and competitive 

time trials. During the research, adequate amounts of time were 

given between each of the three six day diets, to assure that any 

physiological change was due to the present diet, and not to the 

previous one. The results of this study clearly indicated that 3 

days on a mixed diet along wi th a tapering-depletion type schedule 

elevated the muscle glycogen stores to levels similar to severe 

. d 1 . d' . 140 exerClse, ep etlon let reglmens. This reserach also backed up 

another previously known fact. This is, that carbohydrate loading 

is of little benefit to shorter endurance events, such as a 12 mile 

run. In events of shorter endurance the question of, "does my diet 

contain enough carbohydrate to maintain adequate' stores of muscle 

glycogen for training and performance?,,141 In longer distance events, 
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however, (20 miles or more) carbohydrate loading does seem to pro-

duce b f 't 142 some ene 1 • 

As it can be seen, the technique of carbohydrate loading has 

changed in the last few years. Now there is no longer a recorrunended 

severe depletion or exercise phase. This is a step in the right 

direction considering this phase could end up deterring the perform-

ance, more than the carbohydrate loading would aid the performance. 

(see chart 10 for suggested meals). Females participating in dis-

tances less than this should worry more about getting the right 

nutrition and carbohydrates in their normal diets, than worrying 

about the techniques of carbohydrate loading. She should remember 

that any technique like this cannot make up for any deficiency 

143 that she already has. 

One of the most over-rated aspects of nutrition, is the signif-

i cance put on the pre-game meal. Ingestion of food is not followed 

by an increased physical efficiency, yet this subject has been one 

144 of discussion and controversy. Two major points of the pre-game 

meal are timing and size. If a meal is too close to a competitive 

event, nausea or cramps could result. If meals are too far apart, 

hunger could arise, also causing lU1comfortable feelings. The types of 

pre-game meal most often recorrunended is one which is minimal in fat 

and protein. Carbohydrates such as grains, fruits, and vegetables 

are good supplements for a meal. The meal should contain approximatley 

500 calories (this is according to preferance) and should be eaten 

three to four hours before the athletic event. 14,5 The high carbohy-

drate meal results in a rapid rise of blood glucose, which is followed 

by a below normal glucose level. However, if liver glycogen is high 
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enough, the secretion of epinephrine before the competition should 

restore the blood glucose level to normal by performance time. 146 

The reason for limiting high fat intake before an event, is that 

fats have a slow absorption and emptying rate. High protein meals 

are discouraged, because they may affect the amount of acetic acid 

in the body, and may also produce acid residues which will result 

, 'd· 147 ln aCl OSlS. Besides these two effects, the protein to carbohy-

drate breakdown is an energy consuming process, which may be detri-

148 mental to peak performance. 

A substitute which may be used for a solid pre-game meal, is 

the liquid supplement. There are some advantages to this type of 

It is economical, well balanced in nutrient, and easily 

d ' d 149 1geste . 

Aside from the liquid meal's value as a pre-game meal, it 

would also be of value to the athlete trying to consume four meals 

a day. One suggestion for athletes, since they expend such high 

amounts of energy daily, is to eat four smaller meals throughout the 

day, instead of two or three bigger meals. This concept may be 

expecially healthy for those athletes who have morning practices, to 

1 · hI' th 1 t . b fl· 15 0 consume a 19 t mea ln e a er evenlng e ore s eeplng. There 

are many different types of liquid meals which can be purchased, or 

they can be prepared very economically. For approximatley one quart 

of liquid meal, mix together one half cup of water, one half cup of 

nonfat dry milk, one fourth cup of sugar, three cups skim milk, and 

a teaspoon of flavoring, such as cherry, vanilla, or chocolate 

151 extract. 

The most important aspect that the athlete needs to remember 

about her meals, is that they are adequate for nutritional purposes. 
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She needs to remember that her pre-game meal, as well as her number -
of meals a day, will not provide maximum benefits, if she is lacking 

in essential nutrients. 

Some Common Falacies in Nutrition for the Athlete 

Many of the myths and misinformation which athletes receive, 

have hopefully already been settled in this paper. There are, how-

ever, hundreds more which probably have not been touched upon. 

'rlw~;e <..ire ~ome of the LIues Lions ,-lIlU answers I have come across, while 

doing my research: 1. Does meat build energy? No, protein is not 

the main energy food. Proteins are used mostly for structural proc-

csses. Carbohydrates are the best foods to consume to produce 

152 energy. 2. Does drinking water during an athletic event cause 

cramps and slow the individual down? No, there is no evidence to 

_. support these claims. In fact, water is the most important resource 

-

f h · 1 ., 153 3 hl d 1 h or p YSlca actlvlty. . Do at etes nee sa t tablets when t ey 

sweat? No, this is entirely false. Extra salt intake does more harm 

than good, because it irritates the lining of the stomach. Also 

sweat contains relatively small amounts of salt, and nutritionally 

balanced diets will usually contain enough salt. 154 4. Will eating 

steak and eggs the night before a game enhance performance? No, 

this is also untrue. The meal ingested the night before the game has 

little affect on the event the next day. A nutritionally balanced 

diet is the best safeguard to insure optimal affects from one's diet. 155 

5. Does milk before an athletic event cause cotton mouth, cut speed, 

and cause stomach upset due to curdling? No, cotton mouth is caused 

by emotional stress and fluid loss. Also milk "curdling" is a natural 

part of digestion, and does not cause the stomach to become upset. If 

a meal is eaten too soon, prior to the competition, the blood which 
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h h ' f I' 156 has traveled to t e stomac may cause a naUSlOUS ee lng. 

Food Interactions 

Because of myths such as these, there needs to be continuous 

research in the field of nutrition, and nutrition in athletic per-

formance. It could be seen throughout this paper, that there are 

topics such as caffeine, the B vitamins, gelatin, and wheat germ oil 

which need to have more information for definite conclusions to be 

made. Another aspect which should be explored is the nutrient vitamin 

and mineral interactions. For example, we know about some of these 

interactions already. Vitamin D, is known by almost everyone to 

h t ' f l' 157 help tea Isorptlon 0 ca Clum. There are other reactions such 

as this. The simultaneous ingestion of vitamin C, with sources of 

iron, helps in the absorption of iron. High levels of zinc adversely 

affect copper metabolism, and ingestion of high levels of phosphorus 

interfere with calcium absorption. lS8 Some studies have shown that 

hitJh fiver intake affects the absorption of some essential nutrients. 

Plus, essential minerals such as iron and chromium need to be in 

special chemical and physical form for effective absorption. lS9 

Besides these nutrient and vitamin interactions, more research 

needs to be conducted on food and drug interactions, and the effects 

of all of the synthetic substances in our food. For example, Gor-

gonzola cheese and antihistamine cause acute allergic reactions in 

some people, when they are combined. Oral contraceptive use lowers 

blood levels of folic acid, vitamin B12 , and B6 . Alcohol also 

affects the interactions of many nutrients. 160 Besides these, the 

many synthetic substances routinely added to foods also creates many 

reactions. Included in these interactions are that excessive levels 



36 

of EDTA, other chelating agents, highly purified foods, soy protein 

isolates, and modified starches and lipids affect the absorption 

and utilization of essential nutrients. 161 Processing and fabricat-

ing foods destroys many of their nutrients, and finally the extensive 

replacement of conventional food, with highly processed or fabricated 

d 1 · bId' k f . 162 h' 100 s, may re su t 1n an un a ance 1n ta e 0 some nutr 1ents . 'I' lS 

processing could also convert some components into compounds which are 

h · hI . 163 19 Y tOX1C. 

These examples are just the tip of the iceberg, as far as drug, 

mineral, vitamin, and synthetic interactions in our bodies. These 

interactions must be explored, so that the general public as well as 

the competitive athlete will know the effects of the substances put 

into their bodies. Along with this, thoro-ugh research, there may be 

some way of uncovering other synergystic affects of vitamins and 

minerals, with carbohydrates, fats, or proteins. An end result of 

this could help the athlete utilize these substances to aid in 

peak performance. 

A very broad spectrum of nutrition for the female athlete has 

been presented. The topic of basic nutrition, has been presented, 

along with the affects of proteins, fats, carbohydrates, vitamins 

and minerals on the athlete's body. The subjects of nutritional mis-

conceptions, ergonic aids, and needs for future research were also 

explored. 

Total nutrition for female athletes differs little from that 

of male athletes. The only exceptions would be vitamin D, B6 , iron, 

and caloric consumption. This caloric consumption varies little until 

puberty, because body weights and structure are very similar. In 

early adulthood, the difference between calories/pound body weight 
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- 'k' 1 "1 164 is also strl lng y Slml ar. The female athlete needs to understand 

her body in order to achieve her desired performance. She should 

realize that by monitoring her dietary intake, she will not be able 

to perform better than her capabilities, but she will give herself 

every chance to perform at her optimal best level. 

-
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Table 1 

Suggested Allowances of Vitamins, Minerals, and Calories Recommended 
by the Food and Nutrition Board. 

Fat Soluble Vitamins 
Vito Vito Vito 

Age Weight Height Energy Protein A (I.V.) D E 

years kg Ibs. cm (koal) g (RE) (I.V.) (I.V.) 

A) 11-14 44 97 155 2400 44 800 4000 400 12 
B) 15-18 54 119 162 2100 48 800 4000 400 12 
C) 19-22 58 128 162 2100 46 800 4000 400 12 
D) 23-50 58 128 162 2000 46 800 4000 

Water Soluble Vitamins 

Ascor- Folacin Nia- Ribo- Thia- Vita- Vita- Cal- Phos- 10- Iron Mag- Zinc 
bic Acic~ _____ cin flavin min min B6minB 12 cium ~orus dine ~esium 

mg ug mg mg mg mg ug mg mg ug mg mg mg 

45 400 16 1.3 1.2 2.0 3.0 1200 1200 115 18 300 15 
45 400 14 1.4 1.1 2.0 3.0 1200 1200 115 18 300 15 
45 400 14 1.4 1.1 2.0 3.0 800 800 100 18 300 15 
45 400 13 1.2 1.0 2.0 3.0 800 800 100 18 300 15 

Source: Nutritional Aspects of 
Human Physical and Athletic 
Performance pp. 391-392. 

A Suggested Food Guide 

Proteins Grains Fruits and Vegetables --...... --p---------------... ~------.... ----------..... ~ ~ .. -- - - ... 
Leafy vegetables 

---~---~--other fruits 
vegetables 

lowfat milk, yogurt, 
cheese 

whole grains liberal 
- - -- - - .. - consumption 

refined 
grains 

moderate 
consumption 

• 

_ ... -------_."-'-------.. ----.. ----.. -----4- ------_.-
cheese 

-

nuts 
seeds 

very moderate 
consumption 

'-' .... __ ... -' ____ •• ~ ~ _ ~~ ___ """;I-_.L-__ .&.. ___ -I 
'l'ak.en 1 rom: ------ -- - - -. 
Considerations for 
A New Food Guide, 
p. 53. 

-_ ... - - - - -- _ ..... ...--

desserts 
fats 
sweets 

alcohol 

sparce con
sumption 

- -- - -....,- - -... --- - ~ ,.. .... 
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Table 2 

Feeding the Female 

food 
later 10-12 
elementary 

early 
teens 

13-15 

milk 3 cups or more 3-4 cups or more 

eggs 

meat, 
poultry, 
fish 

1 whole egg 

3-4 ounces 
(l serving) 

dried beans, 5-6 table-
(poultry, spoons 
fish, eggs) 

potatoes 1/3 cup or 
(replaced by more 
macaronl, 
spaghetti, 
rice) 

other 
cooked 
vegetables 

raw vege
tClbles 

Vitamin C 
food 

1/3 cup or 
more at 1 
or more 
servings 

1/3 cup 

1 med. size 
orange or 
equiv. 

1 or more whole 
eggs 

4 ounces or more 
(1 serving) 

!.::! cup or more 

3/4 cup or more 

~ cup or more at 1 
or more servings 

~ cup or more 

1 large orange or 
equivalent 

Other 
fruits 

~ cup or more 2 servings 
at 1 or more 

Cereals 
whole grain 
restored or 
enriched 

bread whole 
grain or 
enriched 

butter or 
fortified 
margarine 

meals 

1 cup or more 

2 or more 
slices 

1 tablespoon 
or more 

1 cup or more 

2 or more slices 

1 tablespoon or 
more 

40 

18-19 

4 cups 

1 or more whole 
eggs 

7 ounces 

~ cup or more 
(1 serving) 

3/4 cup or more 

~ cup or more 

1 cup or more 

1 large orange or 
equivalent 

l~ or more serv
ings l~ cup 

1 cup 

2 or more slices 

1 tablespoon 

sweets 1/3 cup or more ~ cup or more simple 2 small servings 
simple dessert dessert at the most 

Vitamin D 
source 

u.s.P. of vit- U.S.P. of Vitamin D 
amin D daily daily 

2200 calories 3000 calories 
Taken from: Considerations for a 
New Food Guide, p. 55. 

U.S.P. of Vitamin 
D daily 

2500-3000 calories 



rlDuration of Activity 
~Intensity of Activ. 

Short Burst 
Maximum Effort 

N 

(l) 
rl 
..0 
rU 

E-i 

Event: Shot-put 
Javelin 
High Jump 
Diving 
Ski Jumping 

K/cal da.:l 3000-4000 

'1 hr.: 5 
1-2 hrs.: 10 
) 2 hrs.: 15 

Training % Increase 
in Daily Caloric 
Requirement over 
that Required during 
day of competition: 

l 

Graph 1 

Less than 1 
Minute-Strenuous 

Effort 

Dashes including: 
440 yd. 
Hurdles 
Long Jump 
50 & 100 yd. 
Swimming 

events 

3000-4000 

5 
10 
15 

1-10 Minutes 
Sustained 

Effort 

880 yd. run 
1 & 2 mile 
runs 

Swimming 
events 

10 minutes or 
more Inten
si ve Repealed 

Effort 

Basketball 
Lacrosse 
Tennis 
Gyrnnastics-

all around 

Endurance 
High Intensity 

Cross Country 
Running 

6 mile Run 
Soccer 
Cross Country 

over 100 yd.Fencing Skii.ng 
Most gyrnnas-

tic events 
Downhill 

slalom 
skiing 

3000-5000 

8 
17 
25 

3 mile run 

3000-6000 4000-5000 

10 13 
20 25 
30 38 

Taken from: Nutritional 
Aspects of Human Physical 
and Athletic Performance, 
pp. 298-299 
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Graph 2 

Relative Proportion of Fatty Acids Used 

Time 120 minutes 

60 90 

(-

Exercise 

/" 

~- Exercise ~ 

6 12 

Time 

120 

Recovery 

Fatty 
Acids 

(-- Recovery -~ 

18 3 

(minute) 

15 

Taken from: 
Exercise Physiology Energy, 
Nutrition, and Human 
Performance, p. 298 
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Graph 3 

"- Sources and Fates of Blood Glucose 

Liver 
glycogen 

11 
Otner Glucose-b- ____ ~ ) 
Dietary ~ Phosphate ~<---
Sugars 

i 
pyruvate 

Blood 
Dietary glucose 

1 
Blood 
Glucose 

C0
2
f-- acetyle 

coA 
Urine glucose 

Ii 
glycol Genic 
Amino Acids, 
etc. 

Fatty Acids 
Steroids, etc. 

> 

Extra Hepatic Tissues 
Glycogen 

u 
Glucose-b
Phosphate 

1 
pyruvate 

I \ 
Acetyl 

coA 

Fatty Acids, 
Steroids, etc. 

Taken from: 
Nutritional Aspects of 
Human Physical and 
Athletic Performance, p. 46. 
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Graph 4 

Predominant Energy Pathways 

Time 

0 1 s 4 IS 10 I S l~ min. 3 min . 
. ----I ------·-----I--~I LI ___________ 1 ------------------------------1---

Are 
~ Strength-Power 

1-

Power lift-high Jump 
Shotput-golf swing-tennis serve 

A'l'P- CP 
sustained Power 
Sprints, fast breaks 
football line play 

f\TP=CP-Lactic Acid 

An Aerobic Power Endurance 
200-400 m. dash 

~. ____________ , __________________ -J 

Immediate/Short 
term Non-Oxidative 
Systems 

100 yd. swim 

Aerobic Endurance 
Beyond a ~ mile run 

Aerobic-Oxidative 
System 

Taken from: 
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Exercise Physiology Energy, 
Nutrition, and Human Perform
an ce, p. 2 67 . 

____ .... ____ ..... _-,,·w .. ___ *"'&,"-_-.-____________ --~ _._- .-----
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Graphs 5 & 6 

Combined 

Glycolysis and the Krebs Cycle 
Combined - Simplified for a 
Basic Understanding 

Glu ose 

4ATP 2ATP 
2 Net ATP C 2NA:+ 

2NADH+H+ 

Pyruvic Acid 
~ NAD+ 

ty,2C02 ~ 2NADH+H+ 
~~ 2Acet y 1 CoA 

() 

~~~ ~Citric Acid 

2ATP V';.c, 
./'\ Krebs 

2ADP 

~ 

4C02 

2NAD+:J 

2NAD+ ') 

6NAD 

45 

32ADP=32P~ 32ATP 

Source 

substrate 
Phosphorilation 

2112 (411) 

Substrate 
Phosphorilation 

811
2 

(16B) 

Reaction Net ATP 

glycolysis 2 

glycolysis 4 

pyruvate--Acetyl CO-A 6 

Krebs Cycle 

Krebs Cycle 

2 

22 

Total~ATP 

Taken from: 
Exercise Phys
iology Energy, 
Nutrition & 

Human Perform
ance, p. 75. 
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Graph 7 

Blood Glucose Cycle in 

Muscle During Exercise 

Blood /lUCOS 
Muscle 

Gluc~e 

( Glycogen 

Pyruvate? Urea 

yG1YC gen 

\fNH2 
Alanin 

~lanin 

Pyruvate 

Taken from: 
Exercise Physiology 
Energy, Nutrition, & Athletic 
Performance, p. 21. 
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Water and Fat Soluble Vitamins, their RDA's, Dietary 
Sources, Major Functions, and Effects of Deficiencies and Excesses 

Vl. ... amin 
RDA for 

Healthy Adult 
Dietary 
Sources 

Major Body 
FW1ctions 

Deficiency Excess 

QriiTB 
0-1 

r h.o."","'e. 

\:)-.;L 
,~o ~ 10.,,'\1'\ 

t'\ \ o..~\ f'\ 

----

()-~ 

'·1 r ,doll:,n~ 

Pc.ntothen;c 

Ac,',ol 
_. 

r. 0 \ 0..<::11"'\ 

-" 

f:J -I .;L -
(l,., ot', 1"'\ 

.. 

C~O\',I'\e. 

---

V;+a."":, '" C. 
,Co rb',c Ac..IC,I 

Ft>.T 
v; tOo",,', ..... A 
~ e...~· ..... o \ 

f.+C\M,,,,, D 

-.--

I,l-q"", ... E: 

v,+C\"";,,, \~ -

m ---, ---- -------------- - - _. -------- ~e.r.loe.ri (pe."·.p~-$nT -61 Po"\<' , 0 rjnr" ... ,to.+s c.oe.l'\~ 'i"""e i Y\ ("'e.o..~ +., OI"\S 1 ~ 

\.5 

I.~ 

~O 

:, 

5 -10 

.4-

CO.3 

Not 
Es tQ b\i.5~E'_d 

Not 
Esta.b\ls\...e.d 

45 

S(lh .. 'o\e.. 

J 

0/ 

IS 

.03 

Non e.. 
w\...o\e. 3C"'C. ... V'\s, ·lh"O\V·\ .... ~ the.. rt.tv'\()Vo.\ osr e C"Q \ nerve. c.~~e:s 

ed.etv'\o" he.o. ... t 
le~u.""e.C; co.r'o()'t\ c).'()'#,.Id.e. 

Rt por+e.( 
~a:, \t.('e) 

W,c1e..\,\ C. 0 .... ~ t', h.\e.n i" ()~ -+l.,) () ~ 10, v', 1'\ ~ ~dd.e.nt~ liPS, 
NOV'lL 

1'\u.<!.\;:lA.~·.de. CO~'t\l.,/"""'e.S .... ,- C r4ckS Q.+ Cor,,~('s 
OIS"\-("', b",,\e.d velve. \n e.ne.rS'l ""'e.~)O'bOliS_ 0 .If ....... ou.ih,lesiol\ f.. e f' ()(" -\- e. d 

(F~D o. .... ci f"'rnn 0 ~ e.'{ e.s 
L', ve.r- Ie.a." ""-e.o;ts SOI'\'S+ .... ~~ .... T ~f +~o c.oe"t.'t ...... l!s f'e. \\o.Y"Q. $ "'",) F"I,,!!>"' .. "'j. bl 
3C"'Q,"s, \e.~ ......... e.s ' 1""6Ive.cI,1"\ o't,do.·ho,,-re.dl.l.c.~·,o" Clnol t'3o.s-t ... a·'I'\~e!o- ',,, ,), ~ ii",.51 
COn 'oe ~or"",~d ~r-o" re.n,c.~·lo,,~ ~', .... a. 1e.5'()I'\S C!~ "e.CK.{o..cl 
"'r~f' tepho,l'\ (Ii AO - N A Of') nerve. ci;sorders ho.n.cls 

~e.C1.~s, ve~e.~~\es Co~" z-'t "" e. " \'"w 0 \ v ed I", a.""' ..... o :r ... r' ,-;'Q b', fl +'1, CO", No hI!. 

w\-.~\e" ~ ("n,', '" nt', do "",Ii!.."\ a 'oa \"...,,~ \/ll\S;flt'lS Mu:5t.~-

c.e.c--eo..\s 
IQ ~ {cd".~~~, ~e.porte. 
... ,. teL.,' ,," 

W\Ch.\'i 
c.~n!!;\-·I'\\4e",;- o~ ~o eI\l..1"'e, ~, F'o..\-',.:)"e., s\~~p No"e.. 
u""·'c .... p\o.'tS a.. c..~n"'('"~\ (",o\e. d.\ 5 h,,.loo.t'\t.~S 

O,S;'("", bl.4"te.d ',n e."e.('"~'i \"t'\t..."t:l..bo \15~ 
·1 .... PQ·, .... (.d ~o6~t:L ... Re.p(){"tE', 
at\o,,", 

L~y."",e.5 ~ret"n C O~:"H~""'e. """o\vt,(j '~I"\ -i:r-I\t\r\e .... ~e .. ,,'.~\ 0 u. ~ (In l ..... ~ f'\o W\ e. 
v~etl\b\e'.s I.)\-'O\e 6T ~', ... ~\~ eQt''.,O'" u.',,;,~ ,""I !'It","o \b3"e..o,\ 

• do ~"'~ ~y\d R4!.~O d~c ","'e.Q..'\- {,(""OJ uc~~ nuc.\e't a.c::, + ...... C!.. b',S;"", d-'so'l"clt,5 
.-. 

mU.:5~\e "",e...a.+S C()t"~'1'/"'~ ',,,,IIo\vtd ',1'\ tt'o.I\S'.f'" Fe.-\,~,,~. dep(,"I!~16" No"t 
e':,~S, d.C1.~ r~ pr-ocJ.! O~ ~\ .... ~\e.. c:~("bo'" ","",\o~ '.", 1\0. us Ill., de c-W\c"r .. \ is 
I.4C t~ f\ot ~r-t.:!.t!",\- '''' "'~t.\t:,c, o,~',d "" ~""'.,,,~ I\~',d .... llSc ... \0,. p<l'. '" 5 R-of'""\t" 
p\q,,-t -\000.5 "'~~'ot>\'J&-

Le~u.w\'e.s, \le~~- CO~"'~'1""~ r-et lI.i r-td ",tI \" ~;", --I Fa + I ~ ue., de pt'tSS'16'" 
--

~.hb. t,,~ o.~', ~o 0.<-.01 ~ .. ~ • J Nbt\e. 
+Q.'o\e~, I"f\.e.a.fs nloa\ .. S.....,. ... ~\\{<:.o~e"" t;o .... ....,.C\..· 

"au5\ ..... dtt''''CI.~·.1.~ 
R (' ~o f''\ ('d "" "~~,, \q,. PQ'I '" S 

+",0'" 
A\\ ~oocl~ c..()"'\-~," CtlI'\!ot·,i'4t.1"'\ 't olf P '" OS p\-..c, hr'CG t-..\o .... ~ 'I"'~ p,",o~p\"III'I~"ds rrtc .. r.s~~ o~ p\.o,'\'o..1'\"~ n~\4rCl' 

NoV\f?. 

(e~') 'I 0 \I~ J Ii liE!. t" , T('4,,,S"';' '" e .... o.c.e...~ 'I \ t.~/)\i .... ~ Re{lo",'\~cI ~epbdec 
_~-t"~~"s) 

C:ltC"""S ~r-",,".'\-5 I ma."",1'CI:,,,,'E, ',n''I''~ ce.\h ... \o. .... $('.",<,,,'t (dt~4!"'- ,,~\o.\\"t \'1 
+ ..... Q..1-o«.s ~ r-E!.t." ""0..\1'"\1( o~ c.o. ... ~'\e.3e ,baht, .... .('0.'\\ a .... o~ ski"', -\-M',e:, ~a~..\1 
PQpp~('.s, ~o.\Q.d doe"" .. "e,;. r ..... f'or1'o,"''" ., .... +u"'--, blo(ld ·,t'1 ~ K,cI 
'.3 .... e.e ,,$ Coo \\~~e~ s~ "''t~S·IS. ve..~e\s) sto\'\es 

Ca,,~"r,·h ... eW'\," 0' r ..... I)(lo!!.p~ ..... G re.t 't\ v~t,f!.'\~l..It!s. tl,~",~ ~h",d",~.ss I\etl.do.~"'e. v (IIisuCl. \ pi5""e" \-)ft'\O" .. "''"~'''QMf.. 
p e t'I'.,<\.,..e .... + i ~\"'i'~~~'\'" b ... 'H-e. r I ""'" \ \(. , 

cke.e.se 

Cac).·\·,vt.r 0" \ 

~?:,~S, do.·,f''! pt'Cld .. <:"h 
~C) C"t-.,~ ',ed ....... \k, 
W\Qf"C\Q('\ "'~ 

$ e.ed~ ,~t"~t" \~4" '{ 
ve~~"\-Q.b\~!!>, ""Q(' -

3a.f"\ ... e.S,S ~ar-\-~"'.,,~ 

(':, .. Un le.o..-ty vej(!-
+o.'t>\e.s,s .... a.\\ 
Cl-II",,,"'·'''' c:.ere,\s, 
"r",\" ... tv'\t<\.'t-~ 

0-9 c.,,·.,,"~el iQ.\ +i~SuH .. Ro\e. 
i", "",uc:o,o!'iSt\c.t..h<\."'·lll~ sl.J~~~u·,s b\', .... d"ess 6~.s ," ,51,)t 1 

o~ \o~ bON 

Pf"C)""o't. ~tClI..)"\\.,. "" t-f\-'M.NI.lho..- R",l. .... ~ \-.s (Iob ... e. \1110 ...... ' "',,,,., I -i-illoV\ o~ bCl'"'t.~.l:,,<..('(.<\.~I!!. dt ~6t'""'''' ,,~ !.)·I '" 
ctbso,..'o+jo,", co\' c:a.\c:,,,,,,,. c\.:.\cif"~"'. ost~-

0'1 <\.r" "'eo.. 

..... ~\C\c:,c.. i,,(ui ... \~ I~~ (If tJ~~ 

F\&nc.,'\·,0'" S 0. ... 0. ... '\', 0 ""lela." "r ~05S'I'b\~ R~ \o,'h .,-e.\, 
+. rC"t\lt"t t~\\ .... ~"'\,.,.6 ... (, 

c:l t\ ...... o..~ e. ~'I\e.M"a. NtlW\-'hi,( 

1 .... f>Hh ... t h b\l)od c.\~\ti ... ~ C, ... cl·,~ .. a .... ~d ~('k-\i"t\ 
(Q.<:.."',\Te.. ~bc-""a.,"\bn o-t' cl e.'i·,C.i e"C::W-S ,IUS' 

~"I) t'" r- b ..... '0\"'(.) o c:.\ ~ t(?Ci 1,)', "'" ~o •. tOK'Ie 

.s.II tr ~ 10 \ttd' "). 

Taken from: 
Exercise Physiology 
Energy, Nutrition & Human Per
formance, pp. 26-27. 



48 
Graph 9 

Important minerals in the Body, Their Recommended 
Daily Intake, Dietary Sources, Najor Bodily Functions, and Effects 

and Deficiencies and Excesses 
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Graph 9 
(Continued) 
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______ --=b:..;o:..;d=.yL we i ght) 

'" 

Widely 
Distrib
uted in 
foods 

Func
tion 
unknown 

Func-

Not 
repor
ted 

Ane-

Industri~l ex:£: 
S\lr~S sl.l-lcon
Slllcone1sivar Ci1 um-.l ung rr J 
tat10n ,t.l.n-vQn 
1t1ng, n1ckel-
acute pneumoni 

Seafood 
meat 
grains 

tions mia 
in close 

assoc.w/Vit.E (rare) 

Gastrointes tir 
disorders,lun~ 

irritation 

Widely 
Distrib
uted in 
foods 
Marine 
fish, 
dairy prod
ucts,vege.s 

legumes, 
cereals, 
organ 
meats 

ConstitunetIn ani-Poisoning in 
of enzymes ~~5~: mangane~e min~ 
involved inqrowth general1zed dJ 

Olstur. f fat syntne-of ner ease 0 nerVOl 
SlS system' system 
Constituent very high in
of thyroid Foiter takes depress 
hormone thyroid activ

ity 

Constituent Not inhibition of 
of some reported enzymes 
enzymes by man 

fats, vege- Involved inImpatredOccupat~al. 
t bles '1 ab1l1tyeXpO$UD .skJ 

a 01 s, glucose & to metab- ~k1dne~ dan 
meats energy olize· age 

metabolism glucose 
o & Constituent Not Industrial BXh 

rgan of Vitamin sure:dermatJ 
muscle meats reported tis & red 'B-12 . milk 1n man blood cell di~ 

solid foods 
liquids 
drinking 
water 

eases 
Transport Thirst Headaches ,nam 
of nutri- dehydra-ea,edema,higt 
ents, temp.tion blood pressurE 
r~g'fpart1-

g~r~b~l.i~acL.s 

Taken from: 
Exercise Physiology 
Energy, Nutrition, and 
Human Performance, pp.30-: 
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Breakfast: 

Lunch: 

Snack: 

Dinner: 

.-

Snack: 

Chart 10 

Carbohydrate Loading, Sample One 
Day Meal Plan 

1 cup fruit juice 
Hot or Cold Cereal 
1 to 2 muffins 
1 tbsp. butter 
coffee (cream/sugar) 

2-3 oz. Hamburger with bun 
1 cup juice 
1 orange 
1 tbsp. mayonnaise 
pie or cake 

1 cup yogurt 

l-l~ pieces baked chicken 
1 baked potatoe, with margarine 
1 cup vegetable 
1 cup sweetened pineapple 
iced tea (sugar) 
1 tbsp. sour cream (optional) 

1 glass chocolate milk with 
4 cookies 

*entire days menu approximately 2,500 
calories. 

Taken from: 
Diet and Nutrition 
p. 300. 
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