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CARSTRACT

Carbohydrate has been shown bto delay fatigue in

aprobilic activities. Only preliminary data C(Lambert et al.,

Lil

1921 has shown that theve could be some effect of
carbohydrate doaring multiple bout resistive exercises,
especially when consuming a low energy diet. Twenty two
axpariencad mals bodybuilders were studied to test for
the effect of carbohydrate ingestion on muscle endurance.
Fourteen subjects (PROT and CARR)  were divided into
two treatment groups, protein supplemented PROT (n=73, and
the carbohydrate supplemented CARRB (n=73. These subjects
were placed on a prescribed exercise workout and a
maintenance diet for 3 days. Then, testing was performed
an o &ll subjects before the two groups were placed on a low
energy dist for 4 days. A& control CONT (n=8) group was
asked to record theilr mnormal diet and wovrkout daving the
MAINT and EXPER phase dayvs. Beforese the perfovrmance tests
were perfovmed, FPROT vreceived & proteln supplement at 1.25g

of protein/kg of body weight. The CAREB group was glven an



ismocaloric amoaunt of carbohydrate beverage 15 minutes

before test performance. The test consisted of ssven ssts
of decreasing repetitions of flat bench presses with the
last et being pevformsd until volitional fatigue.

Mo significant difference was found amoung groups and

7owvaolume (kilograms 1ifted X

all fTeshts with

repetiticons in set seveny in baseling C(CONT= 1093 + 130.35,

PROT= 111% + 119.1, and CARE= 1064 + 110.3), pre-test
CCONT= 921 _+ 130,353, PROT= 1090 + 119.1, and CAREB= 1117 _+
110,83, and post-test (CONT= 1001_+ 130.35, PROT= 10468 +

119.1, CARR=

+ 116,33, The volume lifted by CARE
tended to increase with each test while that for PROT

tended to decrease in group by tims interaction (p=.087).
Therefore, it appears that carbohydrate ingesticon given 135
minttes priorv to o a multiple bout bench press test of seven

sets, had no significant effect on muscle endurance during

resistance weloght training.
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Chapter 1
INTRODUCTION

Diet is an integral part of athletic performance and
achievement in many sports today. For example, endurance
athletes nesed plenty of fusl to sustain long pericds of
exercise. In contrast, powerlifters alter their diets to
increase strength and muscle mass. But athletes such as
bodybuilders, use diets to enhance their physical physique.

Bodybuilders have two distinct phases of training for
competition. The "mass building" stage, where diet is
altered to aobtain as much muscle mass as possible, and
clogser to the competition a "cutting” phase which typically
Cinvaolves rveduction of calorie intake while maintaining an
intense training program. If the calaorie intake is
severely restricted it may be detrimental to the athlete’s
health and/or physical performance (Hickson et al., 19903
Elliot et al., 1987; Freischlag et al., 19843,

A lot of bodybuilders have achieved this goal of
muscle definiticon through the use of anabolic steriods or
through dietary and exercise manipulations (Ellict et al.,
13873, HMany studies have shown the detrimental effects of
steriods and the negative impact an the body, both short
and long term (Kleiner et al., 1983). Where other studies
such as that performed by Manore et al. (1993), examined &
world-class bodybuilder who consumed a high carbohydrate

1



diet in preparation for a competition.

Although strength measurements were not taken, Manore
et al., (1933), suggested the possibility that the athlete
was able to endure this rigorous training while dieting due
to a dist mostly in carbohydrates. It may be possible that
the high carbohydrate diet allowed the bodybuillder to
perform his rigorvous training regime while still achieving
his goal of muscle definition for competition, in
comparision to other diets in previous competitions. This
is in concurrence with the "typical"'" bodybuilding diet:
high carbohydrate, low fat, and moderate to high in protein
{Sandoval et al., 1931). Sandoval et al. (19910, state
that the typical bodybuilding diet is high in complex -
carbohydrates, very low in fat, and very repetitive. They
note that the bodybuilder’s rationale for this type of diet
is to reduce overall bodyfat (get cut?) and to have enough
energy to survive the training workouts.

Carbohydrates are an important macronutrient in
providing energy to the body. The availability of
carbohydrate can determine the rate of muscle fatigue
(Costill, 1988). According to Costill, the rate of
alycogen depletion depends on exercise intensity, physical
conditiconing, exercise mode, enviranmental temperature, and
pre-exercise diet. Therefore, maintenance of muscle
galycogen is difficult with repeated activity and invalves

many different factors.



03]

Much research has shown that consumption of glucose
can slow muscle and liver qlycogen depletion and increase
gxercise endurance at intensities of 70-BOX of maximum
oxygen consumpticon (Revgstrom et al., 19673, Coyle and
Coggin €1988) showed that maintenance of blood glucose
throuagh & carbohydrate supplement helped to delay fatigue
in endurance athletes. Hargreaves et al., (19837 and
Neuffer et al., (1987, supported these findings and
determined that exercise was actually prolonged during the
latter phases of exercise, and at performance at a sprint
rate. It is suggested that this is due to the enhanced
carbohydrate availability through beverage ingestion.  This
carbohydrate can be used for oxidation and helps to spare
glycogen in the liver (Coyle and Cogain, 1968).

There is a wide arvay of literature to show the
benefits of carbohydrate on aervobic performance. There are
anly a few studiss however, that have examined the effect
of carbohydrate ingestion on resistive exercise
performance. Multiple bout weight training is & high
intensity intermittent exercise that is usually per formed
by the training bodybuilders to achieve muscle size and
definition. Researchers have shown that glycogen levels
can be affected by certain types of training, espscially a
decrease in muscle glycogen after multiple-bout high
intensity training (McCartney et al., 1986). With this

type of high intensity exercise, Lambert et al., (13991),
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sugagested the possibility that muscle glycogen may become a
limiting source of enevgy and therefore, carbohydrate
ingestion could enhance performance by elevating blood
alucose levels to spare muscle alycogen.

This imporvtance of maintaining blood glucose for
alycogen sparing is seen through studies that examine the
positive effects of carbohydrate on physical psrformance.
Lambert et al. (1991, found that carbohydrate ingestion
enhanced anaerobic performance. Lambert =2t al. (133913,
used multiple-bout weight training exercise to determine
this. In this study they cite data which previously showsd
that a decrease in muscle glycogen of 40-30%7 is found after
6 sets of € repetiticons of leg extensions. They suggested
that carbohydrate ingestion during this type of exercise
may help to delay fatigue by reducing muscle glycogen
depletion. Although a study by Jacob et al. €1381), cites
no change in performance with a high ov a low carbohydrate
diet, they used a ocne bout 50 maximal contraction exercise
performance, where Lambert et al. (1921}, used a multiple
bout (around 15 sets, 10 repetitions) of resistive
exercise. Therefore, the benefits gained from carbohydrate
ingesticon may only be sesn with a multiple bout resistance
gvercises when glycolysis is the primary @nergy system used

to generate ATP for muscle contraction.
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Statement of the Prablem

There is ample literature to show evidence that high
carbohydrate diets enhance aerobic exercise performance.
Although theve is very little research on the effect of
carbohydrate ingestion on anasrcobic performance, ;t is
theoretically possible that carbohydrate supplementation
cauld enhance performance of multiple bout resistive
exercise, especially in an enevqgy depleted state. Thus,
whern bodybuilders consume a low energy diet during
preparation for competition, their ability to tolerate the
lactate produced during resistive exercise may be impaired.
A carbohydrate supplement consumed before exercise may
reduce ketosis and alleviate this situation. Therefore,
the purpose of this study is to see if a carbohydrate
supplemsnt provided shortly before multiple bout weight
training will increase multiple bhout resistive training
endurance volume in bodybullders consuming an enevagy
restricted diet.

Reseavch Hypothesis

The following null hypothesis was tested in this
study:

Ho: There was no difference in muscle endurance
volume computed as (total numbsry of
repetitions % weight lifted) in the multiple
bout resistance flat bench press test

between the carbohydrate, protein, or



placebos groups, while the carbohydrate and
protein groups underwent a low energy diet.

Significance of the Study

The sport of bodybuilding is filled with
misunderstandings about mutrition, especially dieting, and
the s2ffect of nutrition on performance. With all the
conglameration of products available to these athletes who
all claim "miracle results", many bodybuilders are confused
and are often misinformed about proper nmutrition and
dieting for competition.

Carbohydrate supplement beverages are a common
ccocurrenceg in any gym today. They are used by both trained
badybuilders and the "average" weightlifter to produce an
ergogenic effect on performance (Burke st al., 1933). Many
pecple misuse these drinks and some are confused as to the
expected outcomes of what the beverage will provids,
claiming that the beverage will alter the outcome of their
workout (Grunewald =t al., 1993). Thess researchers state
that this lack of research in the area of supplementation
with bodybuilders allows the athlete to utilize products
with guestionable claims from supplement companies.

The results from this study can inform these athletes
whether there is an effect of the consumption of
carbohydrate supplementation on helping them train for a
bodybuilding competition. This study will determine the

validity in the belief that the use of carbohydrate might



have some effect in helping them to train longsry per

session by prolonging their endurance, thanm if they were on

a very low calorie diet with no supplemsntation. Thereby,

the carbohydrate could possibly have some effect on their

competition outcome.

Delimitations

The following delimitations were made:

1.

The subjects were trainged male bodybullders ages

The mode of training utilizred was free weight
training of a 3 day rotation of legs and bicsps,
chest and lats, and shoulders and triceps, plus 30
minutes/day on the staticnary bicycle, at 80-75X%
range of their age predicted mawximum.

A maintenance period of three days where diet and
activity were controlled was completed by &ll
subjects prior to beginning the study.

The hypoenergy diet consumed by both the
carbohydrate and protelin groups was a mixed diet
consisting of 21 kcal/kg of body weight and 585X
carbohydrates, 15%Z fats, and 30X protein.

The independent variables were a carbohydrate rich
beverage for the carbohydrate group (CARRERY, a
protein rich beverage for the placebo oo protein
group, (PROTY, and & control group (CONTS,

receiving no beverage.



&. The depesndent criterion score was: changes in the
total weight lifted between the three groups (CHO,
PROT, CONT)», during the multiple-bout flat bench
press delimited to 60% of 1 RM.

Limitations

The following limitations of the study were noted:

1. The small sample size may limit this study's
findings to the subject sample studied.

2. Subjects were not living in a metabolic ward, and
therefore were not continuously monitored to see
if they strictly adhered to the study's
guidel ines.

3. The short length of the hypoenergy phase (4
days) might not be the sams as the effects of
long term dieting that many bodybuilders undergo
during preparaticn for competition.

4. The difference among the 2 supplemental drinks
CCARR, PROT, CONT)? was not blind bscause it was
Mot possible to make the fluids look and taste the
Same.

S The CONT group was non-randomized and chaosen
mostly from the subject pool that did not wish
to be put on & low energy diet.

Definitions and Symbols

The following definitions and symbols will be

ntilized:



i. Body Composition: The major components of the
body which included muscle, fat, organs and bone
(tMcArdle, Katch and Katch, 1281).

= Percent Body Fat (X BF): Percentage of total body
composition including essential and nan-essential
lipid stores (McAvdle, Katch and kKatch, 1981).

3. Body Builder: Subjects who have engaged in welght
lifting 4-5 times/weelk, at around &0
minutes/session for at least one year.

4. Maintenance Diet: Diet prescribed for the two
days bhefore the experimental priorv to the
beginning of the experiment. It consists of an
axchange diet of 35 kcal/kg of body weight,
consisting of 534 carbohydrate, 30X fat, and 135%
protelin.

%. Hyproenergy Diet: Diet prescribed for four days
immaediately following the maintenance period, It
consists of an mixed diet of 21 kcal/kg of body
weight, consisting of 35% carbohydrate, 13% fat,
and 304 protein.

&. Pre-Maintenance Phase (PRE-MAINT): the begining
of the study to the Maintenance Phase. Includes
all of the preliminary data that was gathered
such as body fat, 1 RM etc.

7. Maintenance Phase (MAINT): immediately follows

Practice 2 day. Beqginning of workout and maint-
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enance diet.

8. Experimental Phase (EXPER): Immediately follows
MAINT phase. EXPER phase lasts for 4 days and
begins with the Pre-test, low energy diet and
sacond phase of warkout cycle.

= One repetition maximum C(IRM): The ma«<imum amount
of weight that can be lifted one time.

10. Carbohydrate Group (CAREY:  The group that
receives the carbohydrate beverage 15 minutes
hefore testing.

11, Protein Group (PROTY:  The placebo group that
receives the bheverage that is highest in protein
159 minutes before testing.

1z Control Group <CONTI: This group will eat their
own diets and perform their own exercises during

the entire experiment (€ days) but they will
record exactly what is eaten and how they
@rercise.

13. Dependent Measure: endurance volume- (amount of
waight lifted X total repetiticons performed)

Bagic Assumptions

The following basic assumptions were made:

i. It was assumed that duvring the muscle functioning
tests, all subjects gave a maximal effart.

pEgs It was assumed that all subjects adhersed to the

prescribed diet and workout for the duraticon of
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the study.

S It was assumed that all subjects had been weight
training 4-5 days/week for at least one year prior
too engaging in this study.

4. It was assumed that the flat besnch press test was
an accurate depiction of muscle endurance for this
group of bodybuilders.

Summary

Bodybuilders preparing for competition put enormous
demands on thelr body during their training phase in order
to achieve their muscular, lean physique. They drastically
reduce their caloric intake while maintaining grueling
workouts of one to three hours a day. During this time
theilr bodies may becoms depleted and their enervgy levels
can become quite low.

Carbohydrates have been previously shown to improve
endurance in many aerobic activities. Lambert et al.
1991y, has shown evidence that points to the possibility
that carbohydrate might also enhance maltiple bout
resistive training anaevaobic performance.

The researchers in this study will examine the sffects

of cavbohydrate supplementation on endurance in multiple
bout weight training when ingesting a low enerqgy diet. If
carbohydrate supplementation is beneficial it could suggest

that this would be a way for bodybuilders to enhance the

aquality of their workouts while dieting, in preparation for



competition.



Chapter 11
REVIEW OF LITERATURE

Bodybuilding is & sport where the athlete competes on
this basis of his or her physique rather than their
athletic performance. This influences the type of training
and the diet that the bodybuilder undergoes. The ultimate
goal of the sport is to achieve large muscle mass that is
defined and symmetvrical (Newton, 1933). In addition to
rigovrous welght training and aevabic exercise, preparation
for a competition includes a strict low calorvie diet
comprised of high carbohydrates, moderate to high levels of
protein, and low levels of fat (Sandoval et al., 19391).

The focus of this study is the effect that
carbohydrates have on multiple bout rvresistive weight
training when on a low 2nervgy diet. Areas of research that
will be discussed in this chapter will be broken into five
broad categories: (1) carbohydrate metabolism during
exercise; (2) the effect of carbohydrate supplementation on
agrobic performance; (31 the effect of supplementation on
anaerabic performance; and (4) the dietary practices of
bodybuilders in prepavation for competitiaon.

I. Carbohydrate Metabolism and Energy Use During Exercise

Muscle Glyccgen Utilization
In arder to produce Adenosine Triphosphate (ATP) in
moderate work intensitiss longer thanm 30 ssconds, there

must be muscle glycogen or blood glucose present to serve

13



as fusl for anasrobic glycolysis. Depletion of these fuels
makes i1t very difficult to continue the work level because
of the muscle’s inability to meet the needs of the muscles
for ATP. The breakdown of carbohydrate is the primary fuel
that is used in body metabolism in this intenss exerciss of
*30 seconds.  Thervrefore, when the muscle is depleted of
alycogen, the fibers are unable fto produce the metabolites
from the breakdown of carbohydrate to continue bodily
metabolism (Costill, 13588).

At the first few minutes of this intense exercise,
muscle glycogen is the primary source for e&nergy.  After
about 60 minutes, the glycogen stores become depleted and
fatigue starts to become more evident (Costill, 1988).
Adoccording to Costill, this rate of fatigue varies with
several factors such as exercise intensity, physical
conditioning, exercise mode, environmental temperatuwre, and
the pre-exercise diet.

The higher the exercise intensity (ZVolZmax)d, the
highey the rate of muscle glyczxgen utilization, and
therefore there is & higher dependence aon carbohydrate for
fuel. Costill cites evidence that at levels below 957 of a
runner’s VozZmax, both fats and carbohydrates are used as
fuels. It is not until the athlete gets above this level,
that carbohydrate appears to be used almost exclusively.
Therefore, evidence points to the direction of

carbohydrates as a necessary factor in anaerobic or high



energy activity. For example, a high intensity level of
@sercise at the onset of exercise leads to glycogen
depletion and could possibly lead to premature exhauvstion
(Costill, 1988). Thus, carbohydrates are necessary in
malntaining propery fusl levels during exerciss.

Evercise in hot weather also stresses the aglycogen
leeveel mors than normal. Data listed by Costill has shown
that as much as & 76% increase in glycogen use can occur if
@yeErcising in temperaturss around 41 degrees Celsius rather
than exercise in temperatures arcound 9 degrees Celsius.
This mechanism cccurs becauss there is a reduction in the
blowod flow to the exercising muscle, which will cause an
increase in intramuscular temperature and thevefore,
greater use of glycogen (Costill, 1988).

Muscle glycogen depletion alscs depends on the type of
activity engaged upon. Type of activity has a direct
relationship on the muscle fiber types involved. There ars
two basic types of muscle fibers: Type I, which are high in
axidative capacity but contract more slowly, and Type II,
which have a lower capacity for oxidative metabolism and
are slower to contract., Type Il is differentiated between
Type Ila, which are move often recruited tham Type 11lb,
which ie mostly used in maximal exertions. More
infaormation about the type of muscle fibers that are
recrulted with variows types of activities will be included

later in this chapter. Basically, Type I fibers are mostly
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depleted at exercise at or below 704 VolZmax, whereas Type
ITa and finally Type IIb fibers are recruited more
frequently as tension requirements increase. In addition
to various types of muscle fibers that are recruited in
various activities, differsnt muscle agroups recruited alsa
vary on the type and intensity of activity involved. For
example, cyclists show movre glycogen depletion in the
guadricep muscles than runners, who might show more
depletion in the gatronemius and soleus.

Muscle glycogen is impovtant in providing the
carbohydrate nesded for moderate intensity exercisse of a
long duwration, but it is nmot the sole source of
carbohydrate. Rlood glucose contributes a large amount of
energy to the muscle during moderate intensity endurance
activity (Yaspelhkis II1 et al., 19393). As activity
continues, glucose broken down from the liver glycoogen
provides a constant supply of glucose to the muscle. Since
the liver glycogen supply is limited, blood glucose levels
can fall when sxercise demands are greater thanm liver
glycogen producing capacity. When the muscles and liver
glycogen become depleted, liver gluconeogenesis must supply
ctarbohydrate to the muscle. When these glycogen reserves
become depleted and gluconecgenesis cannot keep up with
glucose needs, fatigue develops. Therefore, consumption of
erogenous carbohydrate may. relieve fatigue by serving as a

glucose source for the muscles (Yaspelkis 111 et al.,
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Glycogen Stores and Performance

The storage of glycogen is pertinent to performance
capacity in humans. There are differences in storage
capacity betweern humans that depend uvpon factors such as
diet, activity, and training levels of the individual.
Studiss have shown that liver glycogen stores will decrease
vapidly when a rvresting incdividual is deprived of
carbohydrate in as 1ittle time as 24 houwrs(Costill, 1988).
Activity can also greatly deplete these stoves, the
combination of high activity with a low carbohydrate diet
contributes greatly to a decreased glycogen storage level.
Because liver glycogen cannot be regensvated by
aluconecgenesis without extra carbohydrate ingestion,
humans must rely on the intake of carbohydrate foods to
restore these levels. Individuals who are non-athletes
have a lowsr storage of glycogen than do endurance trained
athletes. This i1s due to the combined influence of chronic
axercise, glycogen depletion, and carbohydrate intake in
athletes which makes them move efficient in storing
alycogen (Costill, 1988y, This is further varified in a
study conducted by Zachwieja et al. (193930, who also noted
that depletion rates of muscle glycogen vary with intensity
and type of exercise. This area of mechanisms of depletiaon
levels will be covered move extensively later in the

chapter.
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Timing of Carbohydrate Feeding Before Exercise

It is well known that carbohydrate feeding before the
start of pralonged aevobic activity can help to reduce the
time to fatigue. There is much debate over the best time
toe 1ngest carbohydrate before the onset of activity. It
depends mostly on the type of carbohydrate ingested, the
type of activity, and the duration of the activity to be
engaged in. Later on in this chapter the debates over the
best methods for sach will be discussed. This section will
give & brief overview of different methodologies that can
he utilized.

Some research (Covle et al., 1985 and Yaspelkis and
Ivy, 1931) states that ingestion of carbohydrate
immediately before exercise (less than 60 minutes) may
result in a dramatic rvise in blood glucase and insulin.
This is followed by &n increase in carbohydrate oxidation
and a rapid fall in blood glucose during thse fivst few
minutes of exercise. What this means to the individual is
a decrease, instead of an increase in time to fatigue, thus
acting conversely to the original expected results of
enhanced carbohydrate intake. However, this should be
noted that this observation was taken in sxercise of lower
intensities (50X VoI maxd. It appesars that carbohydrate
intake taken for exercise performed at &5-75% of Vol max,
enhances perfoarmance through replenishing glycogen reserves

and reducing the chance of & drastic drop in blood glucose,
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thereby reducing fatigue (Yaspelkis st al., 13393).

There appears to be & trend towards pralonged
exercise performance with ingestion of exogenous
carbohydrate, thereby sparing the muscle glycogen as & fuel
source. Thervefore, carbohydrate ingestion should occur
either immediately before and intermittently during
@xercise, or several hours before activity in ovder to
prevent the drastic decline in bloaod glucose and insulin
that occcurs 1f carbohydrate is ingested 19 to 43 minutes
before exercise. These lower levels of glucose and insulin
are thought by Costill (1988) to increase glyoogsn
axidation and thus rveduce fatty acid metabolism leading to
2arlier fatigus. Many octher studies have argued this point
and this entire issue will be discussed further in the
gection on aerabic metaboslism.

It is now apparent how the basic mechanism of
carbohydrate metabolism cccocurs to support the eneragy
demands of exercise. There appears to be a dependence on
the level of glycogen resevves to support the increased
Clevel of activity from exercise. 4s mentiocned before,
there are many factors such as glycogen stovage, blood
glucose, type/intensity of activity, and timing of glucose
ingestion, that determine the success in carbohydrate
metabolism.

11. The Effect of Carbohydrate Supplementation on derobic

Performance















































































































































































































































































