


The above statement may be bold but it isn’t a mis-
print. The bottom line for serious endurance athletes is
that implementing the fundamentals when it comes to
proper athletic fueling is such an important compo-
nent for success that it simply cannot be ignored.
Knowing what fuels (carbohydrates, protein, and elec-
trolytes) and fluids to put in your body, how much to
put in, and how often to consume them is essential for
achieving better performances in training and racing.
If you’re serious about realizing success in your athlet-
ic endeavors, if you want to improve your
performance, then I know we can help you. All you
need to get started is the 60 minutes it takes to read the
information contained in this handbook,  THE
ENDURANCE ATHLETE’S GUIDE TO 
SUCCESS.

This guide may be small in size, but within these pages
lies information we believe will forever change your
athletic performance for the better. If you’ll take 60 or
so minutes to thoroughly read the contents in their
entirety, you’ll come away with the knowledge and
tools you need to make positive, productive, and per-
manent changes. 

Now, maybe you’ve never given consideration to sup-
plementation or fueling in your athletic endeavors. If
that’s the case, stop for a moment and consider how
expensive it is to be an endurance athlete. Equipment
costs a fortune, getting to and from races is pricey, and
what about the time and energy involved in training?
That certainly could be considered an expense as well.
No doubt about it, being an endurance athlete is expen-
sive! But let me ask you this: Are you sure you’re getting
the full value out of all the time, money, and energy you
spend in training and racing, and on equipment?

I’ll be bold and suggest that if you haven’t addressed
and resolved the essentials regarding proper nutrition

You’re Only 60 Minutes Away 
From Better Race Results!

and fueling, then sadly, those things will probably
never realize their full benefits and you will most like-
ly never achieve your full potential as an athlete.

Perhaps you’ve dismissed whatever you may have heard
in the past as invalid or unimportant. With all the
hype and misinformation that’s been thrown at ath-
letes over the years it’s understandable why you might
not bother listening anymore. 

E-CAPS & HAMMER NUTRITION is truly differ-
ent. In our minds, knowledge is as important as any
supplement or fuel we produce. We believe that one
cannot exist without the other. The knowledge we’ve
amassed, and offer to you, totals over six decades of
endurance athletic experience, encompassing literally
thousands of miles in a wide variety of disciplines.
Along with vigilantly staying in tune to everything sci-
ence is constantly revealing, we’ve also worked with
several thousand athletes over the past 15 years. All of
this gives us a unique insight into what works and
what doesn’t for endurance athletes. 

We believe you’re committed to achieving optimal per-
formance in your training and racing and we’re
committed to helping you do that. Make a small invest-
ment toward your best results ever by taking the time to
read the information we’ve provided in THE
ENDURANCE ATHLETE’S GUIDE TO SUCCESS. 

We guarantee you’ll be pleased with the results!

Steve Born
Senior Technical Advisor

Throughout this Guide to Success you will find repeated references to “fueling.” We use this
term to encompass all aspects of caloric, electrolyte and fluid intake.
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THE 10 BIGGEST 
MISTAKES ENDURANCE 

ATHLETES MAKE

This was one of the first articles I wrote and it was probably the easiest.
Why? Because at some point in my cycling career I’ve made EVERY
ONE of the mistakes listed in this article! Some of these seem so basic
but you’d be surprised how many athletes keep making the same ones
over and over, then wonder why their performance isn’t as good as it
could be. Take a good, thorough read through each of these common
mistakes and see how many you might be guilty of. Identifying and cor-
recting them can yield tremendous benefits in your overall performance!
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2. Too Much Simple Sugar
For general health purposes, avoid refined sim-
ple sugars, as these have a direct link to a
myriad of diseases and ailments (for more on
this, please read “113 Ways Sugar Can Ruin
Your Health” on our website, www.e-caps.com).
Simple sugar absorption into the bloodstream
will cause an insulin burst; the liver then con-
verts the excess insulin into triglycerides.
Triglycerides make up most of the fat that you
eat and most of the fat that circulates in your
bloodstream. They’re essential for good health
and your tissues rely on triglycerides for energy,
but as with that other essential molecule, cho-
lesterol, high triglycerides may also be linked to
heart disease. Sugar in the diet has a propor-
tionate relationship to elevating triglyceride
levels in the bloodstream. Triglycerides com-
prise the largest proportion of fats (lipids) in
the diet, in adipose tissue, and in the blood.
Eating excess sugar loads the body with excess
calories that will eventually turn to fat. 

This insulin spike also concerns athletes. More
than likely we’ve all experienced this quick
burst of energy followed by the ensuing crash
characterized by fatigue, lethargy, and mood
swings, i.e., bonking!

Just as important, though, is the fact that sim-
ple sugars, unlike complex carbohydrates, take
longer and require more fluid to empty from
the stomach and GI tract. This is due to a
physiological feature known as osmolality, or
the solution concentration of particles carrying
an electric charge. If the osmolality of your
sports drink deviates from body fluid levels, it
will not absorb. A simple sugar drink will only
match regular body fluid osmolality at a very
weak 6-8% concentration; otherwise, it will
remain in the stomach until sufficiently diluted.
This may cause stomach distress that is obvi-
ously detrimental to performance. With a
simple sugar drink you’re left with three bad
choices. You can drink a 6-8% solution, but
you’ll get too few calories. You can drink a lot
of a 6-8% solution to get adequate calories, but
you’ll overfill on fluid, or you can make a con-

1. Excess Hydrating
On the average, an athlete loses one liter (about
33 oz.) of fluid per hour of exercise. This rate
differs widely due to many variables, including
body weight, body mass index, temperature
conditions, duration and intensity of exercise,
and acclimatization level. Experts suggest that
consuming 16 ounces of fluids every hour dur-
ing exercise will normally forestall dehydration
in events lasting three to four hours.

But what about ultra-endurance events lasting
much longer than that? Now, in addition to
potential dehydration, another problem, over-
hydration, arises. One researcher studied the
effects of endurance athletes and noted that
typically the front-runners tend to dehydrate,
while over-hydration occurs most often among
middle to back-of-the-pack athletes. Both con-
ditions lead to hyponatremia (low blood
sodium), but they have different outcomes.
Excess water consumption causes what is
known as “dilutional hyponatremia,” or an
overly diluted level of sodium and electrolytes
in the blood. This is as bad as under-hydrating
in regards to cramping but has the added disad-
vantages of stomach discomfort, bloating, and
extra urine output. In some unfortunate cir-
cumstances, excess hydration can lead to severe
physiological consequences, including death.

Far too often endurance athletes adopt the “if a
little is good, a lot is better” approach. This can
lead to significant problems when you’re trying
to meet your hydration requirements. All it
takes is one DNF due to cramping and you
start thinking, “Hmm, maybe I didn’t drink
enough.” Next thing you know, you’re drinking
so much water and fluids that your thirst is
quenched, but your belly is sloshing and you’re
still cramping. Under most conditions, we rec-
ommend an hourly fluid intake of no more
than 20 - 25 ounces. If you feel it is necessary
to consume more, remember that you will also
need to consume more electrolytes to balance
the fluid increase.
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centrated drink to get enough calories, but then
you’ll get poor absorption. In any case, you’re
done in. Simple sugar drinks just don’t cut it
for the endurance athlete. 

Using complex carbohydrates instead of simple
or refined sugars in your diet will best fuel your
exercise. For example, a two-scoop mixture of
PERPETUEM (260 calories), or a two to three-
scoop mixture of SUSTAINED ENERGY (228
- 343 calories) will provide up to three times
more calories to the body than a 6-8% solution
of a sugar-based drink can, and still match
body fluid osmolality. All Hammer Nutrition
fuels-HAMMER GEL, SUSTAINED ENER-
GY, and PERPETUEM-are preferred fuel
sources that contain no added simple sugars.
They provide sufficient calories during exercise
without causing stomach distress. 

As far as solid foods are concerned, bagels,
sandwiches, and pretzels are all better fuel
options than candy bars and other sugar-filled
energy bars and sports drinks-but read on.

3. Eating Too Much Solid 
Food During Exercise
In the 1985 Race Across America, Jonathon
Boyer rode to victory using a liquid diet. Since
then it has become the norm for endurance and
ultra-endurance athletes. Liquid nutrition is the
easiest and most convenient way to get a calorie
and nutrient-dense fuel. Solid food, for the
most part, cannot match the precision or nutri-
ent density of the best liquid food supplements.
In addition, too much solid food consumption
will divert blood from working muscles for the
digestive process. This, along with the amount
of digestive enzymes and fluids required in
breaking down the constituents of solid food,
can result in a feeling of bloating and/or nau-
sea. Lastly, a good portion of the calories
ingested from solid foods is used up simply to
digest them; in essence, these calories are wast-
ed. Some solid food intake is certainly OK and
welcome during endurance exercise or races,
particularly during ultras, but for a more rapid
utilization of nutrients with less chance of
stomach distress, a liquid energy source is pre-

ferred. When it comes to fueling the body dur-
ing prolonged workouts or races, use solid
foods sparingly; they should be the exception,
not the rule.

4. Staying With Your Game
Plan When It’s Clearly Not
Working
Endurance athletes tend to be strong-willed
and uncompromising. Most strive to have a
game plan in place for training and racing.
This is, of course, a good idea and something
we strongly recommend. Problems arise when
the athlete’s game plan is no longer working,
due to any number of unforeseen circum-
stances. Unfortunately, too many athletes
consider the thought of re-evaluating and mak-
ing changes to be a worse idea than continuing
with the same ineffective game plan. 

Often, not only do athletes stick with their
original game plan, they exacerbate it by doing
more of what’s not working. This happens com-
monly after a poor race. Many athletes think
the cure for a poor race is to train harder and
harder. Instead of recuperating and focusing on
optimizing their training, many athletes will
train themselves into the ground. This only digs
a deeper hole for the athlete. Instead, the ath-
lete needs to recognize the symptoms of
overtraining and spend enough time recovering
completely. 

The most common symptoms of overtraining
are irritability, restless sleep, elevated resting
heart rate, and inability to reach peak heart
rates during training. As an endurance athlete,
make sure you take your recovery as seriously as
your training.

Another time it’s not a wise idea to stick to an
ineffective game plan is during an event. For
instance, it is important to maintain consistent
caloric intake, but when it’s hot outside, the
body’s ability to process fuel becomes compro-
mised. It’s important to recognize this and to
listen to your body. Continuing to force down
“X” amount of calories an hour (the original
“game plan”), especially under extreme condi-
tions when your body cannot properly
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assimilate them, puts a burden on your stom-
ach and can cause feelings of bloating and
nausea or worse, which will certainly hinder
performance. During the heat it becomes more
important to stay hydrated and maintain elec-
trolyte levels, so be willing to cut back on
calorie consumption. Body fat stores, which
fulfill up to 65% of energy requirements during
endurance exercise, will also be able to accom-
modate fueling needs during occasional breaks
from regular intervals of fuel consumption.
During the heat, fueling is still important, but
the focus shifts towards maintaining hydration
and proper electrolyte levels. Resume regular
caloric intake when you start feeling better and
your stomach has had some time to assimilate
the fuel it already contains. 

5. Training On Too 
Few Calories
You may be training your muscles to do what
you want them to do (riding 100 miles for
example) but are you also training your stom-
ach? If you want to be able to comfortably
ingest “X” amount of calories per hour during a
5-6 hour (or longer) event, you need to be prac-
ticing that in training. Exercising at a maximum
intensity level and assimilating a lot of calories
hour after hour are not things that the body
would normally prefer to do simultaneously. So,
just like running or cycling far and fast, this too
is a learned skill that requires the same amount
of practice and attention to detail. Don’t skimp
on calories during training, and use the same
fuels in training you plan to use for competi-
tion.

6. Consuming Improper
Amounts Of Calories 
During Competition
In the heat of the battle it sometimes becomes
hard to maintain the discipline of caloric intake.
Endurance athletes can get so wound up with
trying to keep up the pace that they sometimes
forget to fuel the engine properly. Consistent
intake of calories (allowing for adaptations due
to weather conditions, as noted above) provides
consistent energy, prolongs endurance, and pro-
tects muscle tissue from being cannibalized. If

you want to go strong in the latter stages of a
race, you must consume sufficient calories in the
earlier stages. Caloric intake in the range of 200-
300, perhaps slightly more, per hour (from
carbohydrates, protein, and, in ultra distance
events, fat) is necessary to prevent energy levels
from dropping. As mentioned earlier, you will
be able to determine your personal caloric needs
only by practicing fuel consumption during
training.

Conversely, taking in too many calories during
competition can present a real problem. It’s the
“if a little is good, a lot must be better” mind-
set that creates this problem. So many athletes
(including myself in years past) believe that “if I
expend 700 calories an hour, I need to consume
700, or I’ll bonk.” However, this simply is not
possible. Even though your body is burning sev-
eral hundred calories an hour, it cannot
replenish them at equal rates from outside
sources (your fuel). The body is only able to
accept, process, and assimilate a limited amount
of calories an hour. To force additional food
down, in the hopes of maintaining or even get-
ting ahead of calorie needs, will usually, if not
always, backfire. Instead of having more calories
available for fuel, they will sit in your stomach
causing at the least bloating, or worse, nausea
and vomiting. Few things will slow you down
faster than taking in more calories than your
body can handle. Do not make the mistake that
far too many athletes do: consuming too many
calories hourly during workouts and races.
Replenish your body with an adequate amount
of calories (see the “Proper Caloric Intake” arti-
cle), amounts that “keep the fire stoked,” and
allow your body glycogen and fat stores to make
up the difference, which they will easily do.

7. Not Taking Supplemental
Electrolytes Consistently
Athletes who have suffered from painful and
debilitating cramping usually need only cross
that bridge once. While consuming enough
calories and fluids during workouts and races is
vital, it is equally important to provide the min-
erals necessary for proper cellular metabolism,

Continued on page 6
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cardiac function, and muscle contractions. All
too often endurance athletes find out too late
that these electrolytes have been depleted
through bodily fluids and perspiration, the signs
of which are muscle weakness, nausea, and
cramping. However, this doesn’t mean that ath-
letes should indiscriminately ingest copious
amounts of one or more electrolytes. The body
has a very intricate and complex way of moni-
toring and maintaining proper electrolyte levels.
Supplementing with only one electrolyte (sodi-
um is usually the most misused) or consuming
too much of one or more electrolytic minerals
overrides body mechanisms that regulate proper
electrolyte balance. The solution is to provide
the body with a balanced blend of these impor-
tant electrolytes in a dose that cooperates with
and enhances body mechanisms. Sodium alone
(meaning salt) cannot sufficiently satisfy elec-
trolyte requirements. A blend of calcium,
magnesium, potassium, sodium, chlorine, and
manganese provides superior protection for the
athlete’s endurance training and competition,
especially in hot weather. 

Even when it’s not 100 degrees outside, elec-
trolyte replacement is still vital, as any
cross-country skier will tell you. You may not
need as much as in hotter weather, but your
body still requires electrolytes during workouts,
especially when exercise exceeds two hours.
Even if you’ve never cramped or don’t see this
as a real issue, there are other problems that
arise from electrolyte depletion, problems that
will adversely affect your performance. 

A deficiency in calcium, for example, can lead
to achy joints, heart palpitations, nervousness,
and hypertension. A deficiency in potassium
will manifest itself in muscular fatigue, dimin-
ished reflex function, fluctuations in heartbeat,
headaches, and edema. The signs of magnesium
deficiency include insomnia, chronic fatigue,
poor digestion (to the point where the stomach
will shut down), and irritability. A lack of man-
ganese can result in excess perspiration, rapid
pulse, and hypertension. During an endurance
event, and in particular an ultramarathon event,

these problems become more acute. Making
sure your electrolyte needs are met will help
you avoid cramping and a host of other poten-
tial disasters.

Finally, please note that no sports drink in exis-
tence can provide electrolytes in appropriate
amounts. Electrolyte needs can vary several
hundred percent, depending on heat levels,
while caloric intake may only fluctuate by 25-
50% and fluid intake may only vary 20-30%.
This makes sports drinks, with their finite and
inadequate amount of electrolytes and calories
per serving, unacceptable for meeting the
unique and individual needs of athletes.
Effective electrolyte replacement can and should
come from an independent source. Electrolytes
are as important as the water you drink and the
calories you eat, so make sure you replenish
them consistently. ENDUROLYTES and
ENDUROLYTES POWDER are the most
complete, proportionately balanced, and
absorbable ways to provide these minerals to
the body.

8. Consuming Too Much
Protein During Exercise
During endurance exercise, approximately 10-
15% of your caloric intake should be protein.
Meal replacement drinks that some athletes use
as endurance fuels during exercise typically con-
tain too much protein and very little
carbohydrates. The human body, while being
able to handle 20-30 or more grams of protein
in one intake, cannot tolerate that amount on
an hourly basis during exercise. Too much pro-
tein fills the blood with amino acids. Excess
amino acids are converted into carbon dioxide,
water, and ammonia. The ammonia is toxic to
the body and is a primary cause of premature
fatigue. While the body is equipped to handle
excess ammonia by converting it to urea and fil-
tering it through the kidneys, too much puts a
burden on the kidneys. Both SUSTAINED
ENERGY and PERPETUEM contain protein
within the desired 10-15% range, providing the
perfect balance of carbohydrate and protein. 

Continued from page 5



9. Not Consuming Any Protein
During Exercise
The primary source of muscle energy produc-
tion is adenosine triphosphate (ATP). Each
muscle stores its own supply of glycogen, which
is a long-chain carbohydrate having a chemical
structure similar to the carbohydrates found in a
common potato. When we exercise, the body
has a much easier time of breaking down muscle
glycogen into ATP than either fat or the limited
amounts of protein donated from lean muscle
mass. However, after about 90 minutes (and
becoming more important the longer a workout
session or race lasts) the body will require pro-
tein for fuel as carbohydrate reserves are
reduced. This metabolic process, called gluco-
neogenesis, allows for the synthesis of glucose
from protein. The body will cannibalize protein
from muscle tissue if protein intake is inade-
quate. This process not only deteriorates lean
muscle tissue, but also hinders fat burning capa-
bilities and speeds up the production of
ammonia. To prevent this, the endurance athlete
should make sure carbohydrate intake is consis-
tent and that some protein is consumed during
endurance exercise. Soy protein’s amino acid
profile and naturally occurring isoflavones make
it the preferred choice during exercise. Soy is
also preferable as it produces less ammonia than
whey protein. SUSTAINED ENERGY and
PERPETUEM provide a proper balance of
complex carbohydrates and soy protein, making
them the perfect fuels for any endurance activity
two hours or more in length.

10. Not Consuming Enough
Calories After Workouts
After a hard workout or race, it’s far too easy to
neglect the proper replenishment of your body.
Sometimes all you want to do is lie down and
not move for several hours. As tempting as this
might be, please take the time for recovery
nutrition first, as this is the best time to provide
your body with the carbohydrates, protein, vita-
mins, and minerals necessary for proper
recovery. This is when your body is most recep-
tive to replenishing nutrients because it is going
into high gear to recover from and adapt to the

stress it has just experienced. Carbohydrate
replenishment is especially important because
glycogen synthase, the enzyme that controls
glycogen storage, is most active in the brief
period following exercise. Habitually consuming
70-100 grams of carbohydrates and 20-25
grams of protein within 30-60 minutes of com-
pleting a tough workout or race will replenish
what has been used up during exercise and
reduce recovery time. Ideally, you should have a
complete meal within the 60-minute post-
workout window of opportunity. If this is not
feasible, then it is necessary to have a post-
workout snack ready. Four servings of
HAMMER GEL and one to one-and-a-half
scoops of HAMMER PRO WHEY in eight
ounces of water is a perfect solution. You can
find two other easy-to-make post-workout
recovery recipes in the “Hammer Pro Tips” sec-
tion of this booklet.

This is also the best time to provide the body
with cellular protection support in the form of
antioxidants. Because athletes use several times
more oxygen than sedentary people, they are
more prone to oxidative damage, considered a
main cause of degenerative diseases. Consistent
supplementation with a full spectrum vita-
min/mineral supplement, high in antioxidants,
along with any additional non-vitamin antioxi-
dants, boosts and maintains the immune system
and reduces recovery time.
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HYDRATION: 
WHAT YOU NEED TO KNOW

At E-CAPS & Hammer Nutrition, we’re known for offering the most com-
plete, technically advanced line of nutritionals an endurance athlete can
buy. But we don’t sell, and probably never will sell, the most important
item in your regimen. 

As you might have guessed, we’re talking about water. It’s the most
important substance on earth, 60% of your body weight, and should be
the number one concern on any athlete’s intake list. For both perform-
ance and health, the importance of your water intake exceeds that of
your vitamin, calorie, and electrolyte intake.

Even though we’re not in the water business we want to make sure you
have the right amount on board when you set off on your distance effort,
when you finish, and between efforts during recovery. Thus, we’ve
included this article on hydration.  

As you read, you’ll learn how sweat loss affects athletic performance,
that too much water is worse than too little, and that you can’t replace
all the water you sweat out. Yes, we will get to that key issue: Just how
much should I drink?  Of all the many functions water has in human
physiology, we’ll focus on just a couple that pertain especially to the
endurance athlete, cooling the body and transporting nutrients.  Let’s
look at the cooling system first.
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How Your Cooling 
System Works
When we exercise, we burn molecular fuel,
mostly glycogen, but also some protein, fat, and
blood glucose from ingested nutrients.  The
breakdown of these energy providers releases
heat that builds up and raises our core tempera-
ture. The body must rid it itself of this heat and
maintain a core temperature within a few
degrees of the well-known 98.60 F (370C). An
active person needs a reliable cooling mecha-
nism. Actually, you have several. You lose some
heat through your skin. Blood diverts to the
capillaries near the skin’s surface, removing heat
from the body core. You breathe harder to get
more oxygen, expelling heat when you exhale.
But by far the most important part of the cool-
ing system, accounting on average for about
75% of all cooling, is your ability to produce
and excrete sweat. 

Sweat, however, glistening on your forearm or
soaking your singlet won’t cool you; it must
evaporate. Sweat works on a basic physical
premise:  water evaporation is an endothermic
process, requiring energy (heat) to change from
liquid to gas. Thus, water molecules in the gas
phase have more energy than water molecules
in the liquid phase. As water molecules evapo-
rate from your skin, they remove heat energy;
the remaining water molecules have less energy,
and thus, you feel cooler. Isn’t that cool?  

Weather conditions greatly affect sweat produc-
tion and cooling effectiveness. In cool weather,
you get substantial cooling from the heat that
escapes directly from your skin. As the tempera-
ture increases, you gradually rely more on
evaporation. On hot days, with little difference
between skin surface and ambient temperatures,
your skin surface provides only negligible con-
vective cooling, and you need to sweat more to
maintain a safe internal core temperature. At
950F or above, you lose no heat at all from
your skin; you actually start to absorb heat.
Evaporative cooling must do all the work. 
Humidity is the other major factor that affects
sweat. On humid days, sweat evaporates more

slowly because the atmosphere is already satu-
rated with water vapor, retarding the
evaporation rate. The sweat accumulates on
your skin and soaks your clothes, but you don’t
get any cooling from it because it’s not going
into the vapor phase. Soaking, dripping sweat
may give you a psychological boost, but it has
no physical efficacy to cool; sweat must evapo-
rate to remove heat.

On days when it’s both hot and humid, well,
you don’t need to read about what’s going to
happen when you exercise in those conditions.
You do need to know that under the worst of
conditions you can produce up to three liters of
sweat in an hour of strenuous exercise, but your
body can only absorb about one liter from fluid
consumption. Yes, this will cause problems
before long, and we will discuss that issue
below.

What Happens When 
the Coolant Runs Low?
Just like a car, your body must dissipate the
excess heat generated from burning fuel.
Unlike a car, your body’s coolant isn’t in a
sealed internal system; you use it once and then
it’s gone and needs to be replaced.  But we don’t
come with built-in gauges or indicators that tell
us just how much coolant we have left in our
system.  We can’t run a dipstick down our gul-
let and get a reading that says, “Add a quart.”
We do have some physiological signs, but they
function at the Warning-Danger! level, too late
to maintain optimal performance. For instance,
by the time you feel thirsty, you could have a
2% body-weight water loss, already into the
impairment zone.  

The chart on page 16 shows what happens to
human performance at each percent of weight
loss. By weight loss, we mean the percentage of
your body weight at the start of exercise that
you have lost via sweat.  If you go out for a run
at 160 pounds and weigh in 20 miles later at
154, you’ve lost almost 4% of your body
weight.  That’s too much to maintain your pace
to the end, let alone expect to kick.
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Continued from page 9

How Much is That?
As you can see from the chart on page 16,
sweat loss can easily devolve from an athletic
performance issue to an acute medical issue.
Clearly, we need to have some quantifiable idea
of our intake and output. Let’s start with con-
verting the data on the chart on page 16 to
recognizable amounts. Perhaps you remember
the saying, “a pint’s a pound, the world
‘round.” Now that’s a convenient conversion
for endurance athletes.  Here’s another: one
water bottle = 20-24 ounces.  Thus, an athlete
carrying two tall water bottles has 48 oz., or
three pints (3 lbs.), of water on board. Two
pints make a quart, which is almost a liter.
When you see the word “liter,” think about one
and half water bottles. Losing one pound of
weight means a one-pint loss. 

Can You Drink Enough?
Needless to say, maintaining optimal fluid
intake prior to and during exercise is crucial for
both performance and health. However, as is
true with calories and electrolytes, you can’t
replenish them at the same rate you deplete
them; your body simply won’t absorb as fast as
it loses. Evaporative cooling depletes fluids and
electrolytes faster than the body can replenish
them. Your body will accept and utilize a cer-
tain amount from exogenous (outside) sources,
and, similar to calories and electrolytes, main-
taining fluid intake within a specific range will
postpone fatigue and promote peak perform-
ance. 
Research suggests that while electrolyte needs
for individual athletes may vary up to 1000%
(tenfold), fluid loss remains fairly constant.
Also, we can measure fluid loss more easily than
electrolyte loss; we don’t need sophisticated lab
equipment, just a scale. Thus, we can come
pretty close in calculating fluid loss and replace-
ment.
The Numbers
On average, you lose about one liter (about 34
ounces) of fluid per hour of exercise.  Extreme
heat and humidity can raise that amount to
three liters in one hour. A trained athlete will

store enough muscle glycogen to provide energy
for approximately 90 minutes of aerobic exer-
cise. As your muscles burn glycogen, water is
released as a metabolic by-product and excreted
as sweat. Researchers found that during a
marathon (26.2 miles), runners released an
average of two liters of sweat from muscle
glycogen stores. This is in addition to sweat
from other body liquids.

You can control or lessen these sweat rates by
acclimatization and training for the event.
Acclimatized athletes can reduce electrolyte and
fluid loss up to 50%, but note that those losses
cannot be fully replaced during the event.
According to nutrition expert Bill Misner,
Ph.D., “The endurance exercise outcome is to
postpone fatigue, not replace all the fuel, fluids,
and electrolytes lost during the event. It can’t be
done, though many of us have tried.”  In other
words, our hydration goal is not to replace
water pint-for-pint, but to support natural
stores by consuming as much as we can ade-
quately process during exercise.

At the most, you can absorb about one liter
(about 34 fluid ounces) of water per hour, but
only under the most extreme heat and humidi-
ty.  Most of the time you can only absorb
about half that amount, even though it won’t
fully replace your loss. Repeated intake of one
liter (about 34 fluid ounces) per hour will ulti-
mately do you more harm than good.

Can You Drink Too Much? 
Ironically, while you can’t drink enough to
replace all fluid lost, you can drink too much.
Researchers have noted the dangers of excess
hydration during events lasting over four hours.
Dr. T.D. Noakes collected data for 10 years
from some 10,000 runners participating in the
Comrades Marathon. This 52.4-mile race, held
each June (winter) in South Africa, ranks as one
of the world’s premier ultramarathons.  Noakes
showed that endurance athletes who consumed
from 16-24 fluid ounces per hour typically
repleted as much fluid as is efficiently possible.
He also noted the prevalence of hyponatremia
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(low blood sodium) during ultra-marathons
and triathlons in runners who hydrated exces-
sively. This condition can arise from several
different physiological scenarios. For endurance
athletes, it usually results from sweat-depleted
sodium stores diluted by excess hypotonic (low
electrolyte content) fluid intake. When blood
sodium concentration becomes too dilute, you
can develop severe cardiac symptoms leading to
collapse.

Problems With Too Much 
or Too Little
Moreover, Noakes noted a pattern of hydration
problems among race participants. In ultra
events, the leaders usually dehydrate, but the
mid to back-of-the-pack athletes tend to over-
hydrate. Both may end up suffering from the
same hyponatremic symptoms, the former from
too little fluid intake combined with too much
sodium loss due to profuse sweating, the latter
from too much fluid intake and relatively less
sodium loss. 

Because most front-runners are extremely com-
petitive, they don’t stop long enough during the
race to overhydrate. In addition, it’s highly like-
ly that elite athletes may be fitter and better
acclimatized to deal with hot weather condi-
tions. A tendency to linger at aid stations
attempting to relieve the symptoms of fatigue
or heat by drinking too much water is a fault
found among the majority of the remainder of
athletes, those in the middle or back of the
pack. Also, these athletes may be novices who
have heard the “drink, drink, drink” mantra,
but who haven’t enough experience to personal-
ly calibrate their personal needs.

After the 1985 Comrades race, 17 runners were
hospitalized, nine with dilutional hyponatremia.
In the 1987 Comrades Marathon, 24 runners
suffered from dilutional hyponatremia. These
athletes had seriously overloaded on fluid intake,
with the inevitable result of a totally disrupted
physiology.

Tragic Consequences 

Hyponatremia usually results from drinking too
much, especially when one drinks fluids such as
plain water or a sports drink lacking the proper
electrolyte profile. Training and fitness levels,
weather conditions, and, undoubtedly, biologi-
cal predisposition also contribute to developing
this form of hyponatremia known as “water
intoxication.” 

Sadly, we must note that this condition has
lead, directly or in part, to the deaths of three
young and otherwise healthy runners in recent
major American marathons. It is hard for us to
comprehend the grief of the families they left
behind.  These athletes went out to run a
marathon, to achieve a personal victory.
Improper hydration took away their day of
glory and also their lives. They collapsed and
went into an irreversible condition involving
uncontrollable brain edema, coma, and death.
We report this to help prevent any future such
tragedies. 

Overhydration represents a very serious prob-
lem. Unlike dehydration, which will generally
only result in painful cramping, possibly a
DNF, or at the worst, IV treatment, overhydra-
tion can incite a chain of ultimately fatal
physiological consequences. 

So How Much, How Often?
The extreme cases cited above happen very
rarely.  Lesser degrees of impairment occur fre-
quently from excessive fluid intake.Also, you
probably don’t carry a scale or have regular
access to weigh-ins along your training route.
So how do you know when it’s time to drink?
You don’t wait until you’re down a quart.  A
good hydration regimen starts before you even
get moving. 

Noakes believes intake of hypotonic fluids of
one liter (33 oz)/hr will likely cause water intox-
ication and dilutional hyponatremia. He
suggests that athletes may do better on 500 ml
(16 oz)/hr fluid intake for ultra events per-
formed in hot weather conditions. Other
research has suggested that the athlete should

11 Continued on page 12
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drink 14-22 ounces of fluids two hours before
exercise and 8 ounces every 20 minutes (24
oz/hr). In other words, start hydrating before
you start sweating, drink regularly, and keep
your total per hour consumption at about 16-
24 ounces, except as noted below. This regimen
will adequately hydrate most athletes during
running and cycling exercise at any pace.

Based on research, along with the thousands of
athletes we have monitored, we believe that to
avoid dilutional hyponatremia, water intake
should not exceed 28 oz/hr. The exceptions are
heavier athletes, athletes exercising at extreme
levels (prolonged periods at a high percentage
of VO2Max), and athletes competing in severe
environmental conditions.  When it comes to
fluid intake, for most athletes, under most con-
ditions, 16-24 oz/hr will serve you well.  That’s
about one water bottle per hour as a base, with
more only as noted above.

Remember Your Electrolytes 
and Calories!
We noted at the beginning that besides cooling,
water also plays an important role in nutrient
transport. Water consumption bears directly on
electrolyte and caloric uptake. You must consid-
er the electrolyte content of your fluid intake,
especially if you exceed about 24 oz/hr. If tem-
perature and humidity rise above 700F and/or
70% humidity, we recommend that you take
electrolytes before and during every hour of
exercise. For a full discussion of electrolyte
needs, see the article “Electrolyte Replacement”
on page 17.

In addition, avoid fructose or other simple
sugar drinks and gels, especially during the
heat-unless you want to deal with a gastric emp-
tying problem, which may result in nausea and
other stomach maladies. Compared to complex
carbohydrates, drinks or gels that contain sim-
ple sugars (typically glucose, fructose, and
sucrose) require more fluid and electrolytes for
effective absorption. Because they require more
fluid, you get fewer calories per unit of water.
You must restrict simple sugar drinks to a 6-8%

solution range, which provides inadequate
amounts of calories for energy production. You
can make a nice drink in a water bottle that will
absorb well and provide adequate fluid, but
your caloric intake will fall far short of your
body’s needs, and your energy level will suffer.

If you make a double or triple-strength batch of
a simple sugar drink hoping to obtain adequate
amounts of calories, you’ll require additional
fluids and electrolytes to efficiently process the
sugar. You will need to guess how much extra
water and electrolytes your body needs to han-
dle the sugar. If you guess low, your GI tract
will take water and electrolytes from other
areas. This scenario can result in nauseating
results as your body literally dehydrates its
working muscles while bloating your belly.
Why take chances like that when your perform-
ance is on the line?
Your wisest choice is to use fuel comprised of
complex carbohydrates, such as Hammer Gel
and Sustained Energy. Even at an 18-24% con-
centration, these fuel sources absorb and digest
rapidly, do not require excess fluid for transport
through the GI system, and provide all the
calories your liver can process. For more details
on fueling, see the article “Proper Caloric
Intake During Endurance Events” on page 22.

Increase Water Storage
Capacity for Competition in
Extreme Heat
Another wise strategy is pre-event superhydra-
tion using a glycerol supplement. You’ll want
to use this method before a long strenuous
event held in very hot or humid conditions.
You can increase your water storage capacity by
taking a loading dose of a glycerol solution,
such as Liquid Endurance, for three days prior
to an endurance effort. During this loading
phase, you will gain some weight in stored
water. It’s like having an extra water bottle or
two on board.  You’ll use this extra water first,
and extend the time you can exercise in the
heat before dehydration. 

Other Ways to Cool Yourself in
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Extreme Heat
Although not directly related to actual water
consumption, an external water application can
help cool you. A cold, wet towel, sponge, hose,
or sprayer on the head and torso can effectively
lower body temperature, especially during a
one-minute break. If you’re running, take a
one-minute walk, douse yourself with water,
and take a good drink. If you’re cycling, find a
spot for a good coast or easy spin for a minute.
The break from heavy exertion allows dissipa-
tion of internal heat. Combined with hydration
and external water, this can effectively relieve
heat stress, allowing you to finish hot weather
endurance events. Highly competitive athletes
might scoff at walking, but when it comes to
core temperature, nature gives you two choices:
cool down or DNF.

Personalized Data is the Key
to Hydration Efficiency
We offer no “one size fits all” remedies. We do
offer prudent and scientifically substantiated
advice. We have given you some guidelines to
start your assessment and calculation of your
personal hydration needs. Each athlete is per-
sonally responsible to include hydration, fueling,
and electrolyte replacement regimens into his or
her training program. You must find out in
practice-before competition-what works for you.
Most of you will find your final figures will
come very close to our suggested starting points.
For others, you might find that in certain
instances your needs in a particular event will
require substantial modification. 

If you’ve spent money on a heart-rate monitor, a
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SYMPTOMS BY PERCENT BODY 
WEIGHT WATER LOSS

Nutrition for Cyclists, Grandjean & Ruud, Clinics in Sports Med. Vol 13(1);235-246. Jan 1994

% WATER LOST SYMPTOMS

0% none, optimal performance, normal heat regulation

1%
thirst stimulated, heat regulation during exercise 
altered, performance declines

2% further decrease in heat regulation, 

hinders performance, increased thirst

3% more of the same(worsening performance)

4% exercise performance cut by 20 - 30%

5% headache, irritability, “spaced-out” feeling, fatigue

6% weakness, severe loss of thermoregulation

7% collapse likely unless exercise stops

10% comatose

11% death likely



multi-function watch, or a body-fat measuring
device, and if you use those tools properly, you
already have some serious training tools. We
suggest that a good scale (preferably one that
can measure less than one pound increments,
such as a balance scale) may well prove to be
your most valuable fitness investment. Weigh
yourself before and after each outing, carefully
noting the time, exertion level, miles, weather,
and fluid, fuel, and electrolyte consumption.
Another low-tech hint: make sure you know the
capacity of your water bottles and hydration
packs.  Once you begin to log your fluid con-
sumption and weight fluctuations, you’ll have
the data to accurately calculate your personal
needs in this absolutely vital area.

A Final Checklist 
& Some Quick Tips
•  If you finish an event weighing the same or
more than when you started, you have overhy-
drated.  If you’ve dropped 3% or more,
dehydration has occurred. Up to 2% weight loss
is safe and reasonable

• For very long events, such as a century bike
ride, the average rider will also lose a pound or
more in energy stores (glycogen, fat, and muscle
tissue) in addition to the water, so figure that in
your weight difference.

• Don’t assume that you can drink unlimited
amounts of water or fluid during exercise and
expect that all of it will be absorbed and the
excess will be lost in sweat or through the kid-
neys. You will instead bloat, dilute your blood,
and develop water intoxication.

• Train to get fit in the heat. Heat acclimatiza-
tion and fitness reduce fluid and electrolyte
losses by up to 50%. When heat acclimatizing,
ignore the clothing advice below.

• Wear the lightest, most evaporation-friendly
clothing you can afford. Cotton isn’t on the list.
Many fibers today provide superior wicking and
evaporation that allow your sweat to do the
work nature intended.

• Keep fluid intake between 16-24 oz/hr. If you
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feel you need more fluids, experiment with it in
training, keeping in mind that you will require
additional electrolytes. Regular fluid intake over
28 oz/hr increases the possibility of dilutional
hyponatremia.

• Use cold fluids as much as possible as your
body absorbs them more rapidly than warm flu-
ids. Know where to find cold water along your
training routes. Use frozen and insulated water
bottles and hydration packs.

• Urine color can indicate hydration level.
Dark yellow urine means low hydration. Pale
to light yellow is good. Don’t confuse the
bright yellow urine you get after vitamin B-2
(riboflavin) supplementation for the dark yel-
low urine that indicates overly concentrated
urine.

• For your regular daily hydration needs (that is,
besides your exercise-induced needs), about 0.5-
0.6 fluid ounces per pound of body weight
makes a more accurate standard than the “eight
glasses a day” commonly recommended for
everyone. Though no research has conclusively
arrived at an RDA for fluids, 80-100 ounces of
fluids per day will cover most athletes.

• During exercise, avoid foods and fuels that
contain low chain carbohydrates. These simple
sugar fuels require more fluids and electrolytes
for digestive purposes. Also avoid carbonated
drinks, as the gas inhibits absorption.
• Consider using Liquid Endurance, a glycerol-
based product, in a loading dose format prior
to racing in the heat. The use of glycerol will
maximize our fluid storage, which can be of
great benefit during hot weather racing.
Follow the specific instructions that come with
the product.

• Use caffeine with caution. Used properly and
sparingly, caffeine has ergogenic benefits. It
does, however, act as a diuretic, which may
deplete fluid stores more rapidly.

• During the hottest weather conditions,
sponging yourself off with cold water, while
taking a short periodic break from race pace,
will provide heat relief.

Continued from page 13



• Know the symptoms of overhydration and
dehydration. Stop immediately if you feel
lightheaded or queasy or get the dry chills.  No
race or training is worth compromising your
health.

It’s our hope that after reading this material you
will have obtained some insight regarding not
just the importance of water, but also what
constitutes proper water consumption during
exercise. 
Dehydration and/or over hydration is a com-
mon problem that plagues far too many
athletes, some with severe consequences. Armed
with the guidelines contained in this article,
along with practice and testing in training, your
performance and health need not suffer. Instead,
you’ll be ahead of the vast majority of athletes
who continue to make the same mistakes over
and over again.
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ELECTROLYTE REPLENISHMENT

If I had to pick one time, in the years I’ve been competing in ultra endurance
events, that I wish I could go back to and change it would be in the summer
of 1995.  I was competing in the Race Across America that year and con-
sidered myself in excellent physical condition, perhaps my best ever.
Unfortunately, I was not prepared for the extreme heat I encountered dur-
ing the first day through the Mojave Desert.  To make a long story short, I
dehydrated, became electrolyte depleted and ended up in the hospital
where I required 8 liters of IV fluid!  Needless to say, my race was over; all my
training leading up to this race wiped out within a matter of hours.

Since that time I’ve learned a lot about nutritional supplementation, fueling
and hydration, and their effects on performance, especially when it comes
to electrolyte replenishment.  Boy, have I made some dumb mistakes over
the years, from indiscriminately tossing down sodium tablets to trying almost
every sports drink ever created...all in the hopes of resolving my heat and
electrolyte related problems. Even if you never ride your bike through the
Mojave Desert in the middle of the summer chances are that you will
encounter potentially debilitating heat and humidity in your training and in
your races. However, no matter what the weather may be, it is essential that
electrolytes be a part of your fuel just as surely as the water you drink and
the calories you eat.

One of the things athletes need to realize is that even when it’s cold outside
electrolyte replenishment is still required. Yes, the potential for cramping
may be greater during hotter weather but I would argue that the primary
reason for consistently replenishing electrolytes is NOT so much to prevent
cramping. Oh sure, we want to prevent cramping, but cramping is a state
that we should NEVER reach in the first place. Cramping is your body’s way
of saying “Hey! I’m on empty! Re-supply me or I’m going to stop...and it’s
going to hurt!” Just like you never want to reach the state of bonking before
you re-fuel the body, so too do you never want to cramp before you replen-
ish electrolytes.

The main reason I think we need to consistently supply the body with elec-
trolytes is because many of the body’s functions, the optimal performance
of those functions, is dependent on adequate levels of electrolytes. Proper
functioning of the muscular, digestive, nervous, and cardiac systems
requires adequate levels of these vital minerals. It’s kind of like the motor oil
in a car; it’s not what makes the engine run but it sure is necessary to keep
the internal parts operating smoothly. That’s how I look at electrolytes, like
the motor oil in a car, and keeping the body supplied with them, even when
it’s not hot outside, is an important part of properly fueling the body. 

This article covers an area of fueling that is so important, yet so neglected
and misunderstood by athletes. It discusses the importance of electrolyte
replenishment, why salt tablets just won’t work, and why we believe you
can’t find a finer formula than Endurolytes.
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In addition to replenishing calories and fluids,
proper fueling during exercise requires consis-
tent and adequate electrolyte support as well.
However, unlike energy absorption and deple-
tion rates, which remain relatively constant
from athlete to athlete, electrolyte expenditure
varies tremendously between individuals. Your
specific electrolyte requirements will not only
differ from another athlete’s, but will also
change constantly, depending on your fitness
level, acclimatization level, and training dura-
tion and intensity. In fact, your electrolyte
requirements may change during the course of
the same workout or race, if only due to
changes in the weather. 

What Are Electrolytes And 
Why Do I Need Them?
Electrolytes are chemicals that form electrically
charged particles (ions) in body fluids. These
ions carry the electrical energy necessary for
many functions, including nerve impulse trans-
mission and muscle contractions. Many normal
bodily functions depend on these substances;
optimal performance requires a consistent and
adequate supply of these important nutrients. 

Many athletes neglect consistent electrolyte
replenishment because they’ve “never had
cramping problems.” Even if you’ve been fortu-
nate enough to have never suffered the painful,
debilitating effects of cramping, you still need
to provide your body with a consistent and ade-
quate supply of electrolytes. Why? Because the
goal in replenishing electrolytes is not so much
to prevent cramping but to maintain specific
bodily functions at optimal levels. Cramping is
your body’s way of letting you know that
regarding electrolytes, it’s “on empty.” When
you’ve reached that point, your performance has
been severely compromised for some time.
Remember, you want your body to perform
smoothly, without interruption or compromise,
so just as you don’t wait until you’re dehydrated
or bonking before you replenish fluids or calo-
ries, you never want to wait until you’re
cramping before replenishing electrolytes. As
important as the fuel you consume and the
water you drink during exercise is a consistent
replenishment of electrolytes.

Can’t I Just Use Salt Tablets?
Salt tablets are an unacceptable choice for elec-
trolyte replenishment for two reasons: 

1.) They provide only two of the electrolytes
your body requires-sodium and chlorine. 

2.)  They can oversupply sodium, overwhelm-
ing the body’s complex sodium level regulation
mechanism. 

Each of these issues is important, and we’ll dis-
cuss both of them. Right now, let’s focus
primarily on the second one. 

Far too many athletes have suffered needlessly
with swollen hands and feet from water reten-
tion due to ingestion of salt tablets or
electrolyte products too high in sodium during
prolonged exercise in the heat. The body has
very effective mechanisms to regulate and re-
circulate sodium from body stores. Excess
sodium consumption interferes with or neutral-
izes these complex mechanisms. Sweat generates
large sodium loss, which is monitored closely
through hormonal receptors throughout the
body. However, rapid sodium replacement neu-
tralizes the system, allowing water intake to
dilute sodium content. High sodium electrolyte
supplementation interferes with the body’s nat-
ural electrolyte control mechanisms. Once the
body detects an increase in sodium from exoge-
nous sources  (i.e., food, salt tablets, or
products too high in sodium), the hormone
aldosterone signals the kidneys to stop filtering
and re-circulating sodium and instead excrete
it. When this happens, another hormone, vaso-
pressin, predominates and causes fluid
retention. If you’ve ever finished a workout or
race with swollen hands, wrists, feet, or ankles,
or if you have experienced puffiness under your
eyes and around your cheeks, chances are your
sodium/salt intake was too high.
The truth is that the human body needs only a
minute amount of sodium to function normal-
ly. We require a mere 250 mg of sodium each
day, athletes maybe 500 mg, which is easily
supplied by natural, unprocessed foods.
However, the average American consumes
approximately 6000 to 7000 mg per day. The
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average athlete stores at least 8000 mg of
dietary sodium in tissues and has these stores
available during exercise. In other words, you
already have a vast reservoir of sodium avail-
able in your body from your diet, ready to
serve you during exercise. In addition, your
body has a highly complex and efficient way of
monitoring and re-circulating sodium back
into the blood, which it does to maintain
homeostasis. Yes, you do need to replenish
sodium during exercise, but it has to be in
amounts that cooperate with and not override
these complex body mechanisms.

The way to fulfill sodium requirements is not by
indiscriminate consumption of salty foods or
salt tablets, but rather with a lower-sodium
approach that emphasizes a balance of essential
minerals that cooperatively enhance the body’s
natural hormone and enzyme actions. You want
a product that contains a moderate supply of
sodium, one that will provide necessary elec-
trolyte support without compromising internal
regulation. 

Don’t I Need To Replace What
I Sweat Out?
It’s easy to formulate a product that matches
one of the many perspiration analysis studies
and then sell it on the basis that athletes simply
need to replace what they lose. Some products
do just that. Unfortunately, there’s a problem
with this because individual sweat-loss differ-
ences vary greatly and the human body does
not and cannot efficiently replace what it
expends during exercise at any intensity above a
walking pace. Electrolytes lost are not replaced
by electrolytes consumed.
The body replaces only 35-45% of what it loses
during exercise and this is true for fluids, calo-
ries, and electrolytes. If you try to replace all
the fluids at once, you may end up with dilu-
tional hyponatremia (overly diluted blood
sodium levels) or water-intoxication. If you
attempt to replace all the fuel you expend, your
stomach will back up in total rebellion, and
refueling will grind to a halt. And if you try to
replace, in equal amounts, all the electrolytes
you lose, a number of hormonal triggers may

create all sorts of problems such as gastric dis-
tress, edema, muscle spasms, and cramping. 
Endurance nutrition guru Bill Misner, Ph.D.,
says, “Give it [your body] 35-45%, even though
it cries aloud for 110%.” In regards to the
amount of fluids you drink, calories you eat,
and electrolytes you replenish, this is an impor-
tant principle to remember.

So What Is The Answer? 
How Should I Take
Endurolytes?
Proper electrolyte replenishment during
endurance exercise requires a gradual, consistent
approach that incorporates all the electrolytes in
amounts that do not override normal body
mechanisms. Remember, electrolyte intake
needs to be below systemic detection, yet help
alleviate systemic depression. This means that
you need to consume enough to support body
functions and prevent heat-related issues such as
cramping without overwhelming your body;
electrolyte intake must slip under the body’s
“radar detection system” while still providing
optimal support
.
ENDUROLYTES and ENDUROLYTES
POWDER are full-spectrum electrolyte prod-
ucts designed to fulfill the body’s electrolyte
requirements, countering the effects of hyper-
thermia, optimizing specific bodily functions,
and enhancing endurance performance, espe-
cially beyond the two-hour mark. We do not
formulate ENDUROLYTES and
ENDUROLYTES POWDER to reflect the
amounts of electrolytes lost in sweat because
each person has a unique biological predisposi-
tion in terms of minerals lost via perspiration.
Additionally, the differences in an athlete’s size
and fitness, as well as the pace of exercise, and
of course the humidity and heat, can mean up
to a 1000% difference when one athlete’s sweat
rate is compared to another’s. A “one size fits
all” formula based merely on sweat rates cannot
and will not adequately support your specific
electrolyte requirements.

In the purest sense, the ENDUROLYTES 
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formula is not so much an electrolyte replace-
ment product, but is better described as an
“electrolyte stress support formula.” It helps the
body perform better under the demands of exer-
cise, especially in heat, by providing a full
complement of minerals in the proper 
balance without interfering with normal body
control systems. ENDUROLYTES and
ENDUROLYTES POWDER work with your
body, not against it.

Chelated Minerals And Why
Endurolytes Contains Them
Chelation is the process of bonding a mineral
to an amino acid, making the mineral more
bioavailable. Chelated minerals are the form
most often recommended because they provide
greater absorption than their non-chelated
counterparts. For example, magnesium is 87%
absorbed when chelated, but only 16 % when
taken in an inorganic, non-chelated form. One
nutrition scientist wrote, “Estimates of normal
mineral absorption average 10%; however,
absorption of chelated minerals may be as high
as 60%.” 

The Endurolytes Formula
CALCIUM is the most abundant mineral in
the human body (about 2.85 pounds in the
average person). Normal heart rhythm, healthy
nerve transmission, and strong muscle contrac-
tions require a constant blood calcium level.
During exercise, calcium-dependent enzymes
produce energy from fatty and amino acid con-
version. Because fatty acids are such an
important fuel during endurance exercise, pro-
viding 60-65% of your energy needs when
exercise goes beyond two hours in length, hav-
ing adequate calcium available to efficiently
convert them into energy is crucial. When
blood calcium runs low, the body extracts it
from the bones, but this process can’t keep up
with your exercise depletion rate. Serum calci-
um deficiency during endurance events may
produce high blood pressure, muscle cramps,
and weakness. 150-300 mg/hr is an adequate
dose of calcium to maintain the aforemen-
tioned physiological functions.

MAGNESIUM should accompany calcium at a
ratio of 1:2. When calcium flows into working
muscle cells, the muscle contracts; when calci-
um leaves and magnesium replaces it, the
muscle relaxes. Many enzymatic reactions nec-
essary for fuel conversion to muscular energy
occur in the presence of adequate magnesium.
Deficiency of magnesium contributes to muscle
cramps, tremors, sleep disturbances, and in
some cases, convulsive disorders. Though 100
mg or more is lost in sweat and used up by the
muscles hourly, 75-150 mg/hr adequately
replenishes magnesium without the laxative
effect larger doses can produce.

POTASSIUM is the chief cation (positively
charged ion) within all muscle cells, necessary
for maintaining the optimal concentration and
balance of sodium. Potassium deficiency symp-
toms are nausea, vomiting, muscle weakness,
muscle spasms, cramping, and rapid heart rate.
75-150 mg/hr is an adequate replenishment
amount. Even though 100-200 mg are lost in
sweat alone (not counting internal muscle and
cell use), if we try to replace it all at once, opti-
mal sodium balance is altered. In addition, too
much potassium is hard on the stomach and
can cause severe stomach distress.

SODIUM is the chief cation (positively
charged ion) outside the cell. The average ath-
lete carries 8000 mg of excess sodium in
extracellular tissues. During endurance events, a
minimum of three to four hours is necessary to
deplete this mineral, which may result in symp-
toms of abnormal heartbeat, muscle twitching,
and hypoventilation. However, if sodium is
replaced at the same rate as depletion, it over-
rides the hormonal regulating mechanisms that
enable the body to conserve electrolytes.
Consumption of too much sodium will cause a
variety of problems, the least of which is fluid
retention. Therefore, we highly recommend a
more moderate, body-cooperative replenish-
ment of 120-240 mg/hr of sodium, as sodium
chloride. 

CHLORIDE is the relative anion (negatively

Continued on page 20
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charged ion) that accompanies sodium. This
electrolyte is absolutely necessary in maintain-
ing the osmotic tension in both blood and
extracellular fluids. It’s a somewhat complicated
process, but to put it in the simplest terms,
think of osmotic tension as being the proper
balance and consistency of body fluids and elec-
trolytes. We believe 180-360 mg/hr of chloride
(as sodium chloride) adequately replenishes
chloride without overriding the function of the
hormone aldosterone in regulating and conserv-
ing proper electrolyte levels.

NOTE: “salt” (commonly called “sodium”) refers
to sodium chloride, which is 40% sodium and
60% chloride by weight. The recommended
amounts given above for both electrolytes, sodium
and chloride, when combined together equals
300-600 mg sodium chloride, our recommended
“salt” intake. 

MANGANESE is included in
ENDUROLYTES as it is necessary in trace
amounts for optimal muscle cell enzyme reac-
tions for conversion of fatty acids and protein
into energy. Again, fatty acids and protein are
an important, even crucial part of the

endurance athlete’s fuel supply, so while man-
ganese is not technically an electrolyte, its
importance cannot be overstated. Research also
shows that manganese deficiency plays a key
role in blood sugar fluctuation, free radical
build-up from intense exercise, and nerve func-
tion disorders, especially in older athletes.
Taking 5-10 mg/hr will help resolve all these
issues, hence its inclusion in ENDUROLYTES.

PYRODOXINE HCL (vitamin B-6) is a coen-
zyme required in 60 enzymatic reactions
involving metabolism of carbohydrates, fats,
and protein. We include this water-soluble B
vitamin in ENDUROLYTES because of its
active role in maintaining sodium-potassium
balance.

L-TYROSINE is an amino acid added to pro-
tect thyroid and adrenal function. Blood
plasma deficiency during extreme endurance
events will lower thyroid and adrenal produc-
tion, which hinders the proper rate of
metabolism. Symptoms of l-tyrosine depletion
first appear as depression, later anger, then
despondency that degenerates into total
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despair. If any of these has ever happened to
you during a long training session or race, it
may be due to low thyroid and adrenal pro-
duction; it can be easily avoided by the intake
of supplemental l-tyrosine at 50-100 mg/hr.

GLYCINE is an amino acid added to
ENDUROLYTES POWDER to help neutral-
ize the naturally salty/bitter taste of the
minerals.
Consistent replenishment of fluids and calories
is absolutely essential to maintain energy levels
during workouts and races. This article has
shown you that providing constant replenish-
ment of electrolytes is an equally important
component of proper fueling. While getting
your fluid and caloric needs dialed in and
nailed down is fairly easy to accomplish (espe-
cially if you read the related articles in this
book), properly fulfilling your electrolyte needs
can be a bit more challenging because it’s an
ever-changing process, dependent on several
variables. 

Using ENDUROLYTES or ENDUROLYTES
POWDER in your training will resolve that

challenge. They contain the right minerals in
the right balance, and because they are inde-
pendent of your caloric and hydration sources,
they provide you with the necessary dosage flex-
ibility. Regardless of your size, sport, training
intensity, fitness level, or the weather, you can
fulfill your electrolytes needs accurately and
precisely with ENDUROLYTES or
ENDUROLYTES POWDER.

Other Ingredients
Gelatin, Whey, Magnesium Stearate, Stearic Acid.

Endurolytes 
Nutrition Facts and Ingredients



PROPER CALORIC INTAKE 
DURING ENDURANCE EVENTS

Back in the late 80’s and early 90’s when I competed in my first two
Races Across America (RAAM) there wasn’t much in the way of infor-
mation...no, let me correct that, we competitors didn’t have ANY
seemingly reliable information regarding how to fuel the body properly. I
can remember being told something to the effect of “with the amount of
calories you’ll be burning, you should eat as much as you can to avoid
bonking or running out of fuel.” And that’s what I did. My support crew
kept making me eat and eat and eat even when I was already full. It
seemed to me that the trick was to eat as much as possible but not get
sick and you’d have the best results. I remember being bloated for a
good portion of the race and how my stomach just swelled to the point
where I thought it would drape over the top tube. Sure, there were times
when I just couldn’t eat anymore and I demanded that my support crew
stop feeding me. However, for the most part, we didn’t know any better
so we were under the belief, that said to eat as much as possible.
Sometimes I wonder how I ever finished those two races! Oh, if I could
go back and do those races again knowing what I know now.

Even if you never do anything remotely resembling RAAM, this article is
an extremely important one. In it you’ll read about what constitutes the
proper fuel and how much you should be consuming. The answers may
surprise you but I’ll tell you truthfully, once I adopted and applied these
fueling guidelines, my performances improved each and every year. You
put so much effort into your training and equipment, make sure you put
the right fuel, in the right amount, in your body. Your body will thank you
and your performance will be proof.
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Endurance and ultra-endurance athletes require
all three forms of fuel the human body uses for
energy: carbohydrate, protein, and fat. A major
factor for optimal performance is using the
right fuel, at the right time, in the right
amount. As with all aspects of success in
endurance events, proper nutrition also requires
practice and training to reap the benefits on
race day.

As all athletes know, “carbs are king” when it
comes to fueling the body for any endurance
exercise. That does not mean, however, that any
carbohydrate at any time will keep you going.
Carbohydrates can either help or hinder per-
formance, depending on what kind you use,
how much you use, and when you use them.
For example, far too many misinformed athletes
continue to use energy products loaded with
simple sugars, or they use complex carbs, a bet-
ter choice, but at the wrong time and in the
wrong amounts. These practices actually impair
your performance.

Simple Sugars, Maltodextrin, 
And Osmalality
Most dietary sugars are very simple molecules
known as monosaccharides and disaccharides.
The shorter the chain length a carbohydrate
source is the higher it will raise a chemical
measure known as osmolality.  Simple sugars
can only attain about 6-8% concentration or
they will sit undigested in your stomach, as
the osmolality will be incompatible with the
digestive juices. Products containing simple
sugars (e.g., sucrose, fructose, or glucose)
must be extremely diluted to match body
fluid osmolality. This weak of a concentration
will not allow enough calories, perhaps only
as much as 100/hour, to be available to work-
ing muscles. 

Molecules that contain many sugar units
chained together are called polysaccharides.
One of these, maltodextrin, allows a concentra-
tion of 18-24%, and very efficient passage from
the digestive tract to the liver, because its osmo-
lality matches that of the digestive system. The

liver converts it to glycogen, which is the carbo-
hydrate form your muscles use for energy.
Therefore, the “gold standard” carbohydrate
source for energy drinks, bars, and gels is poly-
saccharides such as maltodextrin, as you get far
more energy calories - up to three times more
than what a simple sugar carbohydrate source
can provide - across the gastric lining with
much less stomach distress.

So we see that based on caloric delivery alone,
complex carbohydrates, such as maltodextrin,
are far superior to simple carbohydrates, such as
sugars like fructose. But that’s not all.  Simple
sugars, even in small amounts, can incite a con-
dition known as “insulin spike.” This sudden
recruitment of insulin causes a subsequent dra-
matic drop in blood sugar, which can take
blood sugar levels even below the fasting level!
This results in your familiar “bonk.” However,
complex carbs, which enter the bloodstream at
18-24% solution, do not promote this wild
fluctuation in blood sugar levels.

Simple Sugars = 
Ineffective Fuel
Simply put, simple sugars are a very inefficient
fuel source.  It’s like trying to heat your house
by burning newspapers in your stove. You get a
fast heat, but it burns out quickly, and you
have to continually feed the fire. Not good!
That is why none of the Hammer Nutrition
fuels - HAMMER GEL, SUSTAINED ENER-
GY, or PERPETUEM - contain any added
simple sugars.

Glycemic Index
A question people often ask is in regards to
what is known as the Glycemic Index (GI) of
various carbohydrates. GI rates the speed at
which the body breaks down a carbohydrate in
to glucose. The lower the GI, the slower the
process, and therefore the more stable the ener-
gy release for sedentary health purposes.
However, the numeric differences between high
GI sugars and high GI maltodextrins (complex
carbohydrates) are negligible. They are both
high and raise insulin to balance and transport
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Continued on page 24
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excess blood sugar. The advantage to long-chain
high GI complex carbohydrates during exercise
or immediately afterwards is their higher caloric
value and easy absorption in the  body. This
simply means that you can absorb a greater vol-
ume of calories for energy production or
glycogen replenishment.

For foods consumed within three hours of exer-
cise, GI becomes a critical issue. After exercise
begins, however, sympathetic nervous system
hormones inhibit GI impact on insulin release.
Unless your caloric intake exceeds the maxi-
mum that the liver can return to the body in
the form of glycogen (about 280 calories per
hour), glycemic index is not a major factor in
choosing energy sources. During exercise, it’s a
nutritional error to value GI above saccharide
profile.

How Much To Consume
So now you know what kind of carbohydrate
to use, the next question is, “How much?” 
As noted above, the human body can only
return (from the liver to the muscle tissue)
about 4.1-4.6 carbohydrate calories per
minute, or about 250-280 calories per hour.
When an athlete consumes more than 280
calories per hour from carbohydrates during an
event, the excess remains undigested in the
stomach, or passes unused into the bowel. Yes,
you may be burning 400-800 calories per hour,
but your body cannot replace that amount dur-
ing exercise. Trying to replenish calories at the
same rate as depletion only causes problems.
Instead of having more energy available, you’ll
have a bloated stomach, and perhaps even nau-
sea and vomiting. You’ve seen it happen, but
it’s not a necessary aspect of intense competi-
tion; more likely it’s the result of improper
caloric intake.

Fatty Acids For Fuel
If we can’t replace all the calories we expend,
then how do we keep going hour after hour?
The answer is the nearly limitless supplies of
calories from body fat stores. Athletes can count
on a reserve of up to 100,000 calories in the

form of stored fatty acids. These fatty acids are
the fuel of choice when exercise goes beyond
about two hours, providing about 60-65% of
your caloric expenditure. In other words, your
body has a vast reservoir of calories available
from body fat stores and will use those liberally
to satisfy energy requirements during lengthy
workouts and races. In order for this process to
continue without compromise or interruption,
the athlete must not consume excess calories.
Trying to match energy losses with caloric
replacement from your fuel will not only cause
a variety of stomach-related ailments, it will
also inhibit the efficient utilization of fats for
fuel. As mentioned in “The 10 Biggest
Mistakes” article, caloric donation must be in
cooperative amounts, not in complete replace-
ment amounts. In other words, replenish
calories in amounts that support efficient ener-
gy production without interfering with the use
of fatty acids for fuel.

Suggested Amounts To
Consider
While fatty acids will fulfill the majority of
energy requirements, we still need nutritional
support to provide the other 35-40% of our
caloric needs during prolonged exercise. The
chart at the end of this article will give you a
general idea of the maximum amount of ingest-
ed carbohydrate your body can process per
hour. To give you a practical application of
these numbers, we’ve “translated” the data into
servings of HAMMER GEL, 
SUSTAINED ENERGY, and PERPETUEM*

Gluconeogenesis
When exercise goes beyond 90 minutes, you
need to incorporate protein into the fuel mix.
After about 90 minutes, and until you stop
your activity, about 10-15% of the calories you
burn will come from protein. This process,
called gluconeogenesis, is unavoidable, and if
you don’t supply protein in your fuel, your
body will literally scavenge it from your own
muscle tissue. This is called catabolism (muscle
breakdown), known informally but quite accu-
rately as “protein cannibalization.” It can cause

Continued on page 26

Continued from page 23
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Ingredients*
Long-chain Maltodextrin,
Filtered Water, Apple
Concentrate, Energy
Smart© (Fruit Juice,
Natural Grain Dextrins),
Malic Acid, Vanilla,
Cinnamon, Amino Acids
(L-Leucine, L-Alanine, 
L-Valine, L-Isoleucine),
Salt, Potassium Sorbate
(as a preservative),
Potassium Chloride.

Ingredients
Maltodextrin, Glucose
Polymers, Corn Solids,
Isolated Soy Protein Group,
Lecithin, Potassium, 
L-Carnosine, L-Carnitine
Complex, Choline Bitartrate,
Chromium Polynicotinate.

8-serving container

30-serving container

single-serving packet

Hammer Gel and Sustained Energy Nutrition Facts and Ingredients

*Apple-Cinnamon Flavor
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premature muscle fatigue (due to excess ammo-
nia production from the protein breakdown
process) as well as muscle depletion and post-
exercise soreness. Protein cannibalization also
compromises your immune system, leading to
increased risk for colds, flu and other diseases.

The Benefits Of Soy Protein
During Endurance Exercise
Again, to avoid the negative effects of catabo-
lism, we also need some protein during
prolonged exercise. The preferred protein for
use during exercise is soy, primarily because it
does not readily produce ammonia when it is
metabolized. Whey protein, with its high gluta-
mine content, makes an excellent post-workout
protein, but is not a good choice before or dur-
ing exercise.

Soy protein has a couple other distinct advan-
tages. First, it is an easily digestible protein.
Secondly, it has an excellent amino acid profile,
being particularly strong in branched chain
amino acids, or BCAAs. During exercise, nitro-
gen is removed from BCAAs and recycled for
the production of another amino acid, alanine
(high amounts of which also occur naturally in
soy protein). Alanine then gets transported to
the liver, where it is converted into glucose,
which in turn is sent to the muscles for energy.
BCAAs and glutamic acid (another amino acid
found in excellent amounts in soy protein) also
aid in the replenishing of glutamine within the
body without the risk of excess ammonia pro-
duction caused by supplemental glutamine. 

Also, soy has been observed to produce a higher
degree of uric acid content than whey protein.
Uric acid is reduced by excessive free radicals,
which are produced during exercise. When uric
acid levels are higher, that is an indication of
less free radical release. This is due to the
antioxidant 
influence of the naturally occurring phytochem-
icals known as isoflavones found in soy. The
antioxidant benefit of soy’s isoflavone content is
another strong reason why soy may be the pre-
ferred protein during endurance exercise. 

Summary
When considering your basic caloric needs,
think complex carbohydrates such as a mal-
todextrin-based product, and supplemental
protein for exercise over 90 minutes. No matter
what your sport or length of exercise, Hammer
Nutrition can keep you going with HAMMER
GEL, SUSTAINED ENERGY, 
and PERPETUEM, fuels that give your body
exactly what it needs to operate at
maximum efficiency.

Continued from page 24

110-120 lbs
Hammer Gel: 2 servings/hr
Sustained Energy: 1.5 - 2 scoops/hr
Perpetuem: 1 scoop/hr

125-155 lbs
Hammer Gel: 2.5 - 3 servings/hr
Sustained Energy: 2.25 - 2.75 scoops/hr 
Perpetuem: 1 - 1.5 scoops/hr

155-180 lbs
Hammer Gel: 3 servings/hr
Sustained Energy: 3 - 3.25 scoops/hr
Perpetuem: 2 scoops/hr

180+ lbs
Hammer Gel: 3.5 servings/hr
Sustained Energy: 3.5 scoops/hr
Perpetuem: 2.5 - 3 scoops/hr

* These are estimated starting points to determine per-
sonal needs. Each athlete should determine, in training,
under a variety of conditions, their personal optimums. 

Suggested amounts of Hammer
Gel, Sustained Energy, and
Perpetuem based on weight



THE PRE-RACE MEAL 
SIMPLIFIED

Ok, this is one area regarding the connection of proper fueling and per-
formance that I didn’t screw up. To be honest, most of the time I’ve been
an athlete I followed the guidelines that make up this article. I wish I could
say I did so consciously, but the truth is that I did it out of habit rather than
really knowing why it was the right thing to do. With all the athletes I’ve
worked with, this specific area in sports nutrition seems to be the one
most of them are least willing to accept...that is, until they try it and notice
how much better their performances usually are.
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How many times have you had a bite from an
energy bar, taken a swig from an energy drink,
or eaten some type of meal an hour or two
prior to lining up at the start of your race? Big
mistake! This practice is totally counterproduc-
tive and will hurt your performance. In the
potentially confusing world of sports supple-
mentation and fueling, perhaps nowhere is
there more confusion than in regards to the
pre-race meal. Why?  Maybe it’s because far too
many times athletes, lacking the proper guide-
lines, have chosen the wrong foods and
consumed them at the wrong time. Truth be
told, there are no real heavy secrets to the pre-
race meal, just some wise strategies and
guidelines, which are outlined below. These can
and should also be employed prior to workout
sessions as well. 

The Pre-Race Meal Goal
The goal of the pre-race meal is to top off liver
glycogen stores. Muscle glycogen stores, the first
fuel recruited when exercise commences, are
topped off when complex carbohydrates are
consumed immediately after workouts. Stores
of muscle glycogen are unaffected, even after a
nightlong fast, until the next exercise session or
race. During sleep or fasting, it is liver glycogen
stores that are used and depleted to maintain
proper blood glucose levels. Knowing how and
when to properly replenish them prior to work-
outs or races is a key factor in optimizing
performance.

Sports nutrition expert Bill Misner, Ph.D.,
advises a pre-race meal should be “an easily
digested high complex carbohydrate meal of
between 200 - 400 calories with a minimum of
fiber, simple sugar, and fat.”  According to Dr.
Misner, fat slows digestion and has no positive
influence on fuels metabolized 
during an event. He further states that a pre-
race meal that is high in fiber may 
“create the need for an unscheduled and unde-
sirable bathroom break in the middle or near
the end of the event.” 

Food Choices
One study suggests that athletes who drank a
pre-race meal consisting of both carbohydrates
and a small amount of protein had better per-
formances than when they consumed just an

all-carbohydrate sports drink. This would make
a pre-race meal of SUSTAINED ENERGY
(which contains both complex carbohydrates
and soy protein), or a combination of SUS-
TAINED ENERGY and HAMMER GEL not
only incredibly quick and easy, but highly effec-
tive as well. At the end of this article a couple
of suggested pre-race meal recipes using both
these products are listed. If solid foods are
desired, high starch foods such as skinless pota-
toes, bananas, rice, pasta, white bagels, low-fat
active culture yogurt, tapioca, and low-fiber hot
cereals are good choices.

Three Hours or More...Why?
Just as important as what you eat is when you
eat. Our bodies are incredibly complex struc-
tures, and allowing our bodies to operate most
efficiently requires taking proper steps so that we
don’t interfere with normal body mechanisms.
When it comes to the 
pre-race meal, several authorities such as Dr.
Misner, Dr. Michael Colgan, and Dr. David
Costill all agree that the pre-race meal should be
eaten 3-4 hours prior to the event.  Dr. Misner
suggests the athlete “leave three hours minimum
to digest foods eaten at breakfast.  After break-
fast, drink 10-12 ounces fluid each hour up to
30 minutes prior to the start (24-30 ounces total
fluid intake).”

Why three hours?  Colgan suggests it is the
amount of time necessary for digestion to avoid
intestinal distress.  Costill’s landmark study
[Costill DL. Carbohydrates for exercise. Dietary
demand for optimal performance. Int J Sports
1988;9:1-18] shows that complex carbohydrates
taken 3-4 hours prior to exercise raise blood glu-
cose and improve performance. But it’s Dr.
Misner’s argument that has proved most com-
pelling to me.

Dr. Misner’s Rationale
Within a few minutes of ingestion of carbohy-
drates, insulin is secreted as a natural reaction
from the body.  In simple terms, insulin is a type
of sugar-carrier to the cells. Its function is to aid
in transporting glucose from the blood stream
into various tissues in the body, mainly the mus-
cles and liver.  It’s a simple sounding process, but
like most bodily functions, the intricate processes
behind it are anything but simple.  
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According to Dr. Misner, while both complex
maltodextrins and simple sugar-based foods
have corresponding high glycemic indexes that
elevate blood glucose and insulin release at simi-
lar rates, one of the keys to the pre-race meal is
the avoidance of simple sugars. This is because
simple sugars tend to cause sharp peaks and
quick, dramatic falls in blood glucose levels,
which can result in the all-too-common condi-
tion known as “bonking”. Conversely, complex
carbohydrates, such as those found in Hammer
Gel, Sustained Energy, and Perpetuem, while
also quickly elevating blood glucose levels, allow
for a much gentler and slower rate of blood glu-
cose level declination. In other words, complex
carbohydrates elevate blood glucose levels
quickly but provide a longer, more consistent
supply of energy with a much gentler drop in
blood glucose levels than simple sugars do.
Another major benefit of complex carbohy-
drates is that they provide a greater volume of
calories to be more efficiently digested and
available to the body versus the calories provid-
ed from simple sugars. For these reasons,
starch-based foods or long-chain (complex) car-
bohydrates are preferable over simple sugars at
all times, especially prior to and during
endurance exercise and races.

It’s All in the Timing
The other important key is the timing of the
pre-race meal. If high glycemic carbohydrates
such as simple sugars (or even the preferred
complex carbohydrates/maltodextrins) are con-
sumed within 60 - 120 minutes before exercise
the following less-than-optimal or possibly neg-
ative effects on performance can be expected:

#1-Rapid rise in blood sugar incites insulin
excess, leading to hypoglycemia, an abnormally
low level of glucose in the blood.
#2-High insulin level inhibits lipid mobilization
during aerobic exercise.(Our fat burning capa-
bilities are hindered)

#3-High insulin-induced blood sugar influx
into muscle cells causes a higher rate of carbo-
hydrate metabolism, hence rapid carbohydrate
fuel depletion.  (We deplete muscle glycogen
stores too quickly).

The Bottom Line
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The insulin-induced blood sugar level disrup-
tion from a pre-race meal lasts about three
hours before hormonal balance is restored so it
is important not to eat within an hour or two
prior to races. If hormonal balance is not
restored metabolism of both existing muscle
glycogen stores and carbohydrates consumed
during exercise, as well as fatty acid metabolism
are negatively affected. The combination of
these three problems is devastating to 
performance.

Fat Burning
Remember that our bodies can only return 240-
280 carbohydrate calories per hour back into
the energy cycle, even though we are burning
many more calories than that.  A very impor-
tant part of our performance is determined by
our ability to utilize stored fatty acids as energy,
which is why we can continue to exercise on so
seemingly few ingested carbohydrates during
exercise.  However, as noted in #2 above, fat
utilization for use as fuel is inhibited if insulin
levels remain high prior to the race.

Muscle Glycogen & 
Carbohydrate Metabolism
As noted in #3, if our hourly carbohydrate
expenditure is increased due to consuming a
pre-race meal at the wrong time, we are putting
ourselves at a metabolic disadvantage. This is
because we end up depleting muscle glycogen
stores more rapidly and metabolizing ingested
carbohydrates too quickly. Muscle glycogen
stores are the first fuel recruited once exercise
begins. This supply of fuel is limited so it’s
essential not to deplete them too rapidly.
Additionally, since the body can only return a
maximum of 280 carbohydrate calories per
hour back into the energy cycle, metabolizing
those limited replenishment amounts too
quickly is a definite disadvantage. The combi-
nation of rapid depletion of muscle glycogen
stores and increased metabolism of ingested car-
bohydrates will inhibit optimal performance
and is all caused by improper timing of the 
pre-race meal.

Fructose Fails
One final thing to note is that the metabolic
pathway and caloric donation generated from
fructose exclude it completely from considera-

Continued on page 30



tion as an efficient or required 
carbohydrate prior to, during, or after 
energy expense. Therefore, the pre-event meal
should consist of 200 - 400 calories from com-
plex carbohydrate maltodextrins (definitely not
glucose, sucrose or fructose), and should be
completed at least three hours prior to exercise.

Sleep or Eat?
But what if your race starts early in the morn-
ing? Should you wake up early just in order to
eat? The answer to that is “no.” It’s much more
important to be well rested prior to the race so
don’t sacrifice sleep just to eat. Remember, mus-
cle glycogen stores, the fuel your body will use
first and foremost once the race begins, remain
unaffected even after a nightlong fast. The fit
athlete, one who has been replenishing carbohy-
drates immediately after each exercise session,
has approximately 60 - 90 minutes of this 
premium fuel available. As long as you begin
fueling shortly after the race begins, perhaps 10
- 20 minutes after the start, your 
performance will not be affected negatively. If
you start fueling shortly after your race begins,
it’s actually OK to start your race a little on the
hungry side.

Another Alternative
Athletes such as Ironman distance triathletes
have a disadvantage when it comes to both a
pre-race meal and consuming food shortly after
exercise begins. First, their events usually start
very early in the morning, which means they
would have sacrifice sleep just to eat a pre-race
meal. As mentioned earlier, because it’s more
important to obtain adequate rest prior to a
race, this is not a viable option. Also, since
they’ll be in the water, swimming for up to an
hour or more immediately after the start of
their race, consuming food during this time is
not possible. What to do?

For these athletes, or any athlete who feels they
absolutely must eat prior to the start, it’s accept-
able to consume 100 - 200 calories
approximately five minutes prior to the start.
By the time these calories are digested and
blood sugar levels are elevated you’ll be well
into your race. In this regard, good choices are
one or two servings of Hammer Gel or a gener-
ous drink from a premixed 

bottle of Sustained Energy or Perpetuem. 

Summary
You work so hard throughout your training
making sure your diet, supplement program,
training, and recovery is the best it can be.  By
following these steps regarding your 
pre-race meal, you can put the final touches on
all your hard work, giving you the best advan-
tage possible for your important race.

Pre-Race Meal Suggestions
Any of these pre-race meal suggestions will keep
you in the preferred 200 - 400 calorie range:

Three scoops of SUSTAINED ENERGY

Two scoops of SUSTAINED ENERGY plus
one serving of HAMMER GEL

One scoop of SUSTAINED ENERGY plus
three servings HAMMER GEL

Two to two and a half scoops of PERPETUEM

One white flour bagel and 1/2 cup active yogurt

One banana and 1/2 - 1 cup active yogurt

Cream of Wheat or Rice, sweetened with a
serving of HAMMER GEL

One soy protein-enhanced pancake, 
sweetened with a serving of HAMMER GEL

1/2 baked, skinless potato and 1/2 cup yogurt

30

Continued from page 29



SUPERIOR RECOVERY

Can you relate to this? You are finishing a really hard workout and the
predominant thought in your mind as the workout winds down is “man,
I am going to relax for a good, long time”. So once the workout’s done,
that’s EXACTLY what you do. I know I’ve done that myself far too often.

The problem with the above scenario is that you’re not giving your body
a fighting chance to recover quickly and efficiently. We’ve all heard about
that “window of opportunity” that’s present immediately after a workout.
The time the athlete needs to take advantage of to help the body in “refill-
ing the tank.” Your body will adapt to the training you’re putting it through
by storing more and more glycogen, its premium fuel, in the muscles. This
adaptation process is kind of like the body saying, “if Steve’s going to put
me through another workout tomorrow, I’m going to be prepared. I’m
going to have a better reservoir of readily available fuel.” 

Another area that is necessary to remember is in regards to immunity.
One of the benefits, perhaps the primary benefit, of exercise is that it
aids in building a strong immune system. However, in order to take
advantage of this benefit, the athlete needs to provide nutrient support
to the body right after a workout, when the immune system is vulnera-
ble. It makes sense to replenish essential, immune system enhancing
nutrients shortly after a workout, when the body’s supplies have been
depleted or exhausted. Unfortunately, far too many athletes don’t and
wonder why they continue to have poor performances or, even worse,
continue to get sick.

That’s why this article is so important. It helps answer the questions
about enhancing your recovery and gives guidelines of what to use,
when to use it, and how much to use. When you follow these guidelines
you’re giving your body the support it needs so that it can do what you
want it to do in your next training session or race.
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Once you’ve finished training, you’re still not
finished with training! How well you recover
today will be a huge factor in how well you per-
form tomorrow.  You must consider the
recovery process as part of the training process.
Give equal emphasis to the recovery part of
your training as you do to the actual workout
and you will enhance your performance
tremendously and keep yourself as healthy as
possible. Let’s take a look at some specifics of
recovery nutrition.

Quick Replenishment 
Of Carbohydrates
It’s important to start replenishing carbohy-
drates very soon after exercise. This is because
glycogen synthase, the enzyme that controls
glycogen storage, is highly active immediately
after exercise when muscle glycogen stores are
low. Several studies have shown that the most
important fuel measurement, the one that will
determine exercise performance, is pre-exercise
muscle glycogen level. Studies from the
University of Texas at Austin demonstrated that
glycogen synthesis was highest when subjects
were given carbohydrate immediately after
exercise. This suggests that glycogen synthesis
from carbohydrate intake takes place most rap-
idly the first hour after exercise, but may occur
up to 4-6 hours. The best glycogen replace-
ment form is complex carbohydrate from
glucose polymers (e.g., maltodextrins). Fiber,
which often accompanies carbohydrates in
healthy foods such as fruits and whole grains, is
good for colon health, but it’s not the best
choice for those first two hours immediately
after exercise.

How Much To Consume
Dr. Michael Colgan suggests consuming 225
grams glucose polymers (complex carbohy-
drates) 2-4 hours post-exercise. More than that
will end up as body fat stores. Other research
studies suggest that on average 650 total grams
of carbohydrate is about all the carbohydrate
volume that the body can regenerate into mus-
cle glycogen stores each day. The accompanying
chart shows the variations of this average figure
based on body weight and length of training.
This includes everything pre, during, and post

workout regarding carbohydrate consumption. 

Bodyweight (lbs) Hours Training
2 4 6

110 300 500 700
132 400 600 800
154 500 700 900
176 600 800 1000
198 700 900 1100

For recovery, 100 grams of complex carbohy-
drates in the first hour, and another 125 grams
in the next three hours is suggested. For a
daily total, to complete the “muscle glycogen
re-synthesis” picture, aim for what the above
chart suggests. If you just want to play the
averages, aim for a daily total of 650 grams, or
about 2500-2600 calories from carbohydrates

Carbohydrates, 
Protein & Recovery
By taking in ample amounts of carbohydrate
immediately after training and again within the
next three hours, athletes can get a head start
on re-fueling their muscles after workouts.
Additionally, they will also tip the scales in the
direction of protein creation and less towards
protein catabolism. In other words, ample car-
bohydrates are an essential factor in the
rebuilding of muscle cells. A possible reason for
this, based on studies, is that the inflow of car-
bohydrates may give the muscle cells the
necessary fuel to begin the process of rebuild-
ing. Using the energy derived from
carbohydrates, the muscles could absorb amino
acids from the bloodstream and kick-start the
process of creating new proteins.

Carbohydrates also boost the production and
release of insulin from the pancreas. A
University of Texas study showed plasma insulin
values were three to eight times higher after the
workout for subjects ingesting carbohydrates
compared to the placebo. Insulin is an anabolic
(tissue-building) hormone that has a profound
positive impact on protein synthesis in muscles.
Insulin also tends to suppress protein break-
down. Because insulin plays such a vital role in
replenishing glycogen stores after exercise, it’s
important to focus on how to make it work
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optimally. Studies show that protein, when
combined with carbohydrates, almost doubles
the insulin response. This makes it seem logical
to include some protein along with your com-
plex carbohydrates. A ratio of 3:1 or 4:1
(carbohydrates to protein) is a good recommen-
dation.

The Benefits Of Whey Protein
Whey protein is the most bio-available of all pro-
teins and is considered the premium protein for
use after workouts to enhance the recovery
process. Whey protein has the highest percentage
of essential amino acids, the protein building
blocks that your body does not make and that
you must get from food. Moreover, 25% of the
essential amino acid component comes from the
three most important amino acids for muscle tis-
sue repair, the branched-chain amino acids
leucine, isoleucine, and valine. 

Whey protein is also rich in two other highly
beneficial amino acids, methionine and cys-
teine. These two nutrients stimulate the natural
production of glutathione, one of your body’s
most powerful antioxidants. Endurance exercise
increases free-radical production, so endurance
athletes need extra antioxidant protection.
Glutathione also supports immune system and
liver functions. Short four amino acid chains
known as quadripeptides constitute another key
component of whey protein. Quadripeptides
have a pain-killing (analgesic) effect that can
help alleviate the soreness after an intense work-
out or all-out race effort.

Supplements For Recovery
Chromium also plays an important role in how
well insulin works. Studies suggest athletes who
take 200 mcg chromium polynicotinate (along
with ample carbohydrates) within two hours of
completion of exercise will experience a 300%
increase in the rate of glycogen synthesis com-
pared to no supplementation.  If you are not
currently using a multivitamin containing
chromium, a 200 mcg dose of the CHROME-
MATE form of chromium is something you
should seriously consider.

Supplements to aid in the recovery process

should address replenishing basic vitamins,
minerals, and other nutrients depleted during
exercise, while also providing antioxidant pro-
tection. Because athletes consume several
hundred times more oxygen than sedentary
people do, excess free radical production is a
certainty. Left unchecked, free radicals can
damage cell membranes and suppress the
immune system.  Other issues to address are
joint protection, neutralizing excess muscle
soreness and inflammation, and aiding in
rebuilding of red blood cells. E-CAPS has the
supplements that will perfectly resolve these
issues. After extensive training sessions or races
the following supplements are suggested in the
following doses.

1.) PREMIUM INSURANCE CAPS: 
one packet (7 capsules)

2.) SUPER AO: 1-2 capsules
3.) MITO-R CAPS: 2 capsules
4.) LIQUID XOBALINE: 

1/2 - 1 dropper full
5.) OMEGASOURCE: 4 or more capsules

A  packet of PREMIUM INSURANCE CAPS
will replenish the body’s stores of essential vita-
mins and minerals including the vital
antioxidants. There’s no doubt your body will
have depleted its stores of vitamins and miner-
als. Quick replenishment will enhance recovery
and protect the immune system. A full packet
also contains the above-mentioned preferred
dose of chromium polynicotinate.

SUPER AO is perhaps the strongest non-vita-
min antioxidant formula available to athletes.
Intense exercise increases free 
radical production dramatically, which can defi-
nitely tax your immune system and delay
recovery. To protect the body’s cells and to pro-
mote accelerated recovery, sufficient antioxidant
intake is critical. This product perfectly comple-
ments the antioxidants found in PREMIUM
INSURANCE CAPS and adds additional bene-
fits via increased circulation, always helpful for
promoting swift recovery.

MITO-R CAPS, the newest product in the E-
CAPS line, is arguably the most potent in terms
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of the immune system boosting and overall
health benefits it can provide. The combination
of acetyl l-carnitine (ALC) and r-alpha lipoic
acid (r-ALA) has many extraordinary benefits;
to list them all would fill a book. The primary
ones these two powerful nutrients provide are
for immune system support, lean muscle tissue
preservation via decreased levels of excess corti-
sol, and optimal functioning of the
mitochondria, your body’s energy producing
“furnaces.” The r-ALA component is especially
beneficial in that it helps regenerate/revitalize
“used up” antioxidants such as vitamins C and
E (in Premium Insurance Caps) and glu-
tathione (in Super AO). In other words, r-ALA
helps to extend the “life span” and benefits of
those specific antioxidants in the body.

LIQUID XOBALINE is a readily absorbable
and bio-available (active) form of vitamin B12.
Dr. Misner writes, “Xobaline (cobamamide) is
the coenzyme form of vitamin B12 and is an
essential nutrient for cellular growth and func-
tional capacity. It is a vital nutrient for all the
cells in the body and a deficiency of this nutri-
ent can depress the immune system and muscle
tissue repair. An optimal amount of 
XOBALINE in the body has an additional ben-
efit for recovery due to its role in helping with

the efficient removal of metabolic waste accu-
mulated during exercise.” In other words, it
gets rid of the garbage in the body and helps
with the repairing of muscle tissue. In addition,
XOBALINE will help increase oxygen uptake
because it is a vital nutrient in the increased
production of red blood cells.

Of the many benefits essential fatty acids pro-
vide, one of the main benefits of taking
OMEGASOURCE after exercise is to provide
anti-inflammatory support. Additionally, every
membrane of every cell in your body is com-
prised mainly of the essential fatty acids that
make up OMEGASOURCE.  They are respon-
sible for rebuilding and producing new cells.
Without sufficient supplies of these essential
fats, the easy flow of nutrients into the cell is
compromised.  They are also responsible for
enhanced immune 
system response.

How well you recover today will greatly deter-
mine your performance tomorrow. Athletes who
put as much effort into the recovery process as
they do in the actual training are way ahead of
the game and will no doubt enjoy increased per-
formance.

Continued from page 33
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Serving Size: 2 Packets

Amou nt Per Serving %D aily Value*

*Percent Daily Values are based on a 2,000 calorie diet
†Daily Value not established.

Servings per container: 30•

Boron                                                                                 5 mg                †
Lecithin                                                                            30 mg                †
Royal Jelly                                                                       30 mg                †
Chlorophyll                                                                       30 mg                †
Ginger                                                                              30 mg                †
Pepsin (1:10,000)                                                            50 mg                †
Papain                                                                             50 mg                †
Bromelain (200 gdu pineapple)                                       50 mg                †
Ox Bile Extract                                                               100 mg                †
Ginkgo Biloba                                                                 100 mg                †
Alfalfa                                                                             100 mg                †
Phosphatidyl Serine                                                       100 mg                †
Para Amino Benzoic Acid                                               200 mg                †
Choline (as Choline Phosphatidyl)                                 200 mg                †
Inositol                                                                            200 mg                †
Betaine HCL                                                                   200 mg                †
Pancreatin                                                                      200 mg                †
Spirulina                                                                         510 mg                †

**ChromeMate brand of oxygen coordinated and niacin bound 
chromium polynicotinate.  U.S. Patents 4,923,855, 4,954,492, 5,194,615

Predigested, Peptide Bonded
Amino Acid Profile

Arginine                           41 mg
Histidine                          25 mg
Lysine*                          125 mg
Tyrosine                          64 mg
Tryptophan*                    36 mg
Phenylalanine*                52 mg
Cystine                            14 mg
Methionine*                     35 mg
Serine                             60 mg
Threonine*                      39 mg
Leucine*                         121 mg
Isoleucine                        65 mg
Valine*                             70 mg
Glutamic Acid                228 mg
Aspartic Acid                   63 mg
Glycine                              5 mg
Alanine                            56 mg
Proline                             82 mg
Hydroxiproline                 20 mg

      *Essential Amino Acids

Directions:  Take one 
(1) packet daily with a 
meal.  

During times of heavy 
training or competition 
(more than 2hrs/day), 
take two (2) packets 
daily; one with A.M.

 meal and one with
 midday meal. 

 
For best results, 
refrigerate after 
opening.

This product does not contain sugar
yeast, preservatives or chemical

 additives. Do not use if safety seals 
are broken. Keep cap sealed and 

store in a cool, dry place.

Xobaline, Omegasource,
Super A.O., Mito-R Caps
and Premium Insurance
Caps: Products used for
superior recovery



THE IMPORTANCE 
OF PROTEIN

When I first became intrigued by the possible benefits that supplements
and fuels might have on my performance and health, I thought I'd check
out the local health food store to see what was available. Pretty much
what I remember after walking up and down the aisles of the store was
that most of what lined the shelves were these industrial strength size
containers of protein powders. A good majority of the products I saw
had labels that were largely taken up by photos of these monstrously
huge bodybuilders. The image became ingrained in my mind: protein is
for bodybuilders. A long time passed before I realized that protein isn't
just for bodybuilders. In fact, hard training endurance athletes need a
substantial amount of protein in their daily diets. If you're one of the ath-
letes who still thinks protein is just for the muscle heads, this article will
hopefully convince you otherwise.
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As endurance athletes, we go to great lengths to
acquire the best possible equipment. We make
sure that this equipment is always dialed in and
working properly. We take great care to utilize
the best possible training program. And if we’re
smart, we are taking care of the third piece of
the performance puzzle, nutrition and supple-
mentation.

Endurance Athletes Need
More Than Just
Carbohydrates
Although current science is proving otherwise,
there is still a belief that endurance athletes do
not need to be too concerned with protein
because a good diet will provide adequate
amounts. Unfortunately, with all the emphasis
on carbohydrates, protein deficiency is common
among endurance athletes, and it has a devastat-
ing effect on performance and health. Some of
the symptoms to look for are slow muscular
recovery from workouts and lower than normal
strength. However, fatigue, lethargy, anemia,
and other more severe conditions can develop as
a result of ongoing protein deficiency. If you are
truly interested in enhancing your performance
and also maximizing your health, you will make
a concerted effort to make sure your protein
intake is adequate.

Maintenance, repair, and growth of lean muscle
mass are as important as your energy source.
That’s why serious endurance athletes also need
considerable amounts of protein, far above the
normal adult RDA. As mentioned, low dietary
protein lengthens recovery time, causes muscle
weakness, and suppresses the immune system.
Prolonged protein deficiency will cancel the
beneficial effects of your workouts; instead, you
will become susceptible to fatigue, lethargy, ane-
mia, and possibly even more severe disorders.
Athletes with over-training syndrome usually
have protein deficiency. 

Questions, Concerns, &
Answers
Endurance athletes often ask several questions
regarding protein. The first is something to the
effect of, “I thought only bodybuilders needed
high protein diets.” But when you get down to

it, we are body builders in some respects, build-
ing our bodies to do what we want them to.
The truth is that the protein requirements of
endurance athletes and bodybuilders are very
similar. It is only the way in which the body
uses the protein that differs.  Bodybuilders need
protein to build more muscle tissue. Endurance
athletes, on the other hand, need protein to
repair existing muscle tissue that is undergoing
constant breakdown from day-to-day training.  

Another concern often heard is that “eating a
high protein diet will cause unwanted weight
gain and muscle growth.” Actually, the type of
training you engage in determines whether you
bulk up or not. High volumes of endurance
training do not tend to produce muscle bulk,
regardless of protein intake, whereas relatively
low volumes of strength training will. Either
way, the muscle tissue requires protein.

“But I thought carbohydrates were the most
important fuel for exercise,” is yet another
statement endurance athletes commonly make.
While carbohydrates are still the body’s pre-
ferred source of fuel, protein plays an
important part in the energy and muscle
preservation needs of endurance athletes.
Under normal conditions, protein serves a
vital role in the repair, maintenance, and
growth of body tissues. However, after about
90 minutes of exercise in well-trained athletes,
when muscle glycogen stores become nearly
depleted, the body will synthesize glucose from
the fatty and amino acids of lean muscle tis-
sue. It’s a process called gluconeogenesis,
which is the body literally cannibalizing itself
to provide a fuel option during a state of
glycogen depletion. The degree of soreness and
stiffness after a long, intense workout is a good
indicator of just how much muscle cannibal-
ization exercise demands.  

Gluconeogenesis
It has been shown [Lemon, PWR “Protein and
Exercise Update” 1987, Medicine and Science in
Sports and Exercise. 1987;19 (Suppl): S 179-S
190.] that exercise burns 10-15% of the total
amount of calories from protein by extracting
particular amino acids from muscle tissues. If

THE IMPORTANCE OF PROTEIN
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the endurance athlete does not provide this pro-
tein as part of the fuel mixture, more lean
muscle tissue will be sacrificed through gluco-
neogenesis to provide fuel and preserve
biochemical balance. In simple terms, you need
to provide protein from an outside source or
your body will steal it from your muscle tissue.
The longer you exercise, the more muscle tissue
is sacrificed and the more your performance,
recovery, and immune system are compromised.
During exercise, the wise endurance athlete will
make sure that complex carbohydrate and pro-
tein intake is adequate to delay and offset this
cannibalization process.

What Kind To Use?
Which kind of protein is best for use before,
during, and after exercise has been a subject of
debate for quite awhile.  It is now believed that
a combination of both soy and whey protein,
used at separate times, provides the most com-
prehensive supplemental support for an
endurance athlete’s diet.

Soy Protein
Soy protein is best used prior to and during
exercise primarily because it has less potential for
producing ammonia, a primary cause of muscle
fatigue. For general health benefits it’s hard to
beat soy. Soy protein contains multitudes of
health-enhancing phytochemicals. Scientific
research has established many connections
between soy consumption and lower rates of
certain cancers, notably breast, prostate, stom-
ach, lung, and colon. Comparing cancer rates
for the U.S. with those of Asian countries
(which have soy rich diets) shows some remark-
able differences. For instance, Japan has
one-fourth the rate of breast cancer and one-
fifth the rate of prostate cancer. In China,
medical researchers linked the consumption of
soymilk to a 50% risk reduction for stomach
cancer. Studies done in Hong Kong suggest that
daily soy consumption was a primary factor in a
50% reduction in the incidence of lung cancer.
These are but a few of soy’s tremendous benefits.
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Whey Protein
For enhancing the recovery process, whey pro-
tein has no peer. Whey protein’s amino acid
profile contains the highest percentage of essen-
tial amino acids, 25% of which are the
branched-chain amino acids leucine, isoleucine,
and valine, considered the most important for
muscle tissue repair. Whey is also a rich source
of two other important amino acids, methionine
and cysteine, which stimulate the natural pro-
duction of glutathione, one of the body’s most
powerful antioxidants and a major player in
maintaining a strong immune system.
Glutathione also supports healthy liver function.

How Much Do You Need?
So how much protein do endurance athletes
need to take? Once it was believed that 1/2
gram of protein per pound of body weight-75
grams for a 150 pound person-per day was suffi-
cient. Using today’s standards, that same athlete
would require a minimum of 95 grams to
upwards of 116 grams (anywhere from 2/3 to
3/4 grams of protein per pound of bodyweight).
To find out how much you require, use the fol-
lowing calculation:

1.) Take your weight in pounds and divide by
2.2. This will give you your weight in 
kilograms.
2.) Take that figure and multiply by 1.4 to 1.7,
depending on your exercise intensity.
3.) This gives you the amount of protein (in
grams) you should consume on a daily basis.

Numerous studies have demonstrated that
endurance athletes in heavy training need more
protein than recreational athletes do. If you’re
serious about your performance and also your
health, then respect the importance of providing
adequate protein in your diet.

RECOVERY FORMULAS

• 1 scoop HAMMER PRO WHEY with 4
servings (8 tablespoons) HAMMER GEL in
8-10 ounces of water immediately after
workouts. This provides nearly 460 calo-
ries from 18.5 grams of protein and
approximately 96 grams of carbohydrates.

• 3-4 scoops of SUSTAINED ENERGY with
1/2 scoop of HAMMER PRO WHEY in 16
ounces of water. This provides roughly
380-495 calories from approximately 20-
23.5 grams of protein and 73-97 grams of
carbohydrates.

• 3 scoops of SUSTAINED ENERGY with 1
scoop of HAMMER PRO WHEY in 10
ounces of orange juice. This provides
approximately 530 calories from 19 grams
of protein and approximately 103 grams of
carbohydrates.

PRE-WORKOUT/RACE MEALS

• 1/2 scoop HAMMER PRO SOY with 2 -
3 servings (4 - 6 tablespoons) Hammer
Gel in water. This yields approximately 46 -
70 grams of carbohydrates and approxi-
mately 16 grams of protein equaling
roughly 249 - 340 calories

• 1/3 scoop HAMMER PRO SOY with 2 -
2.5 scoops of Sustained Energy in water.
This yields approximately 49 - 61 grams of
carbohydrates and 17.5 - 19 grams of pro-
tein equaling roughly 270 - 320 calories

At over 30 grams of protein per serving,
HAMMER PRO SOY’S highly concentrated
nature makes it a hunger satisfying addi-
tion anytime. Add it with juices, smoothies
or other soy-based drinks to make a satis-
fying and healthy meal. It’s also a perfectly
suitable ingredient when making pancake
or muffin batter, adding high quality, all
vegetable protein to the mixture.

HAMMER PRO TIPS
SUGGESTED USES FOR 

BEFORE AND AFTER WORKOUTS



HAMMER NUTRITION FUELS

In the 15+ years I’ve been involved in endurance cycling, I’ve tried and test-
ed just about every gel and powdered drink mix that’s ever been available.
In the early to mid 90’s I was fortunate to be one of the very first to test
Hammer Gel and Sustained Energy (which was known as Energy Surge
at the time) prior to their release. After using both products on a few
lengthy rides I noticed that not only was my energy level remarkably con-
sistent but all the negative effects - the bloating, gas, and other
stomach-related maladies I experienced using other gels and drinks -
were eliminated. I knew right then and there that I had found the fuels that
would allow me to focus solely on my training and racing without having to
worry about whether or not they were going to eventually prove inade-
quate or cause stomach problems.

In the spring of 2002, the head of Hammer Nutrition’s Research and
Development, Dr. Bill Misner, gave me a prototype of a product he called
Perpetuem and suggested I incorporate it in my fueling regimen. After but
a few workouts with Perpetuem I knew that Dr. Misner had “struck gold”
and I enthusiastically asked him to make as much of it as possible so that
I could use it in my training and in a record attempt I had been planning for
later in the year. Armed with Perpetuem as my primary fuel, and also using
Hammer Gel and Sustained Energy (I can’t imagine doing a race without
them), I was fortunate enough to complete the first ever Double Furnace
Creek 508 and in a time faster than I ever thought possible. Needless to
say, for many, many years I’ve been convinced that the Hammer Nutrition
fuels are unsurpassed in terms of how well they work.

This article contains descriptions of Hammer Gel, Sustained Energy, and
Perpetuem, and what they are so powerfully effective. Finally, I’ve provid-
ed a suggested usage chart for those three fuels.

40



41

Whether your workouts or races are 1-2 hours
in length or 1-2 weeks in length, Hammer
Nutrition has the fuels your body craves. Pre,
during, and post-workout requirements can be
fulfilled completely and perfectly from our line
of fuels. Refer to the product usage chart to see
which products we recommend for specific
applications. 

Hammer Gel
Hammer Gel can be used anytime but is espe-
cially appropriate for training sessions of 90 -
120 minutes or less. This is an easily digested,
concentrated source of complex carbohydrates,
with four amino acids added. It has a syrup-like
consistency and was designed to enhance and
prolong energy levels during intense training and
competition without the use of simple sugars.

Hammer Gel contains two sources of carbohy-
drates in the form of a specific maltodextrin
and a patented long-chain carbohydrate
known as Energy Smart™. This particular
maltodextrin has a saccharide profile that con-
sists of an unusually large amount of
pentasaccharides, complex carbohydrates made
of five sugar-units. Maltodextrin has unique
properties that allow for maximal conversion
to energy. In addition, it is relatively low on
the Dextrose Equivalent (DE) scale. The lower
the DE, the quicker it will exit the GI tract
and cross the stomach lining, allowing it to be
more readily available for energy production.
The carbohydrate used in Hammer Gel has a
DE of 18, whereas sucrose (table sugar), a
sweetener found in many sports gels and
drinks, has a DE of 100.

Energy Smart™ is a patented natural sweetener
made from fruit juices and grain dextrins. This
process maintains the integrity of the fruit,
grain dextrin enzymes, and naturally occurring
vitamins and minerals. There is evidence that
Energy Smart™ provides a much more stable
energy source than fructose or other simple sug-
ars. Energy Smart™˙ is NOT a simple sugar or
an artificial sweetener. The unique biochemistry
of Energy Smart™ allows the body to enjoy an

increase in blood glucose levels, similar to that
of sucrose and faster than fructose.  The big dif-
ference is that a solution of simple sugars (like
glucose, fructose, or sucrose at concentrations
higher than 6-8%) will be delayed from exiting
the GI tract, which can cause stomach upset.
Once they do pass gastric linings, simple sugars
will cause too much insulin to be released, caus-
ing a huge spike in blood glucose levels.
Subsequently, there will be a precipitous drop
in blood sugar levels to below baseline levels,
the result of which is commonly known as
bonking.  An hour after ingestion of Energy
Smart™, blood glucose levels will also drop,
but at a much gentler rate and never below
baseline levels.  Also important to note is that
while the glycemic index of processed complex
carbohydrates (normally in the 110-130 GI-
range) is generally higher than simple sugars
(usually in the 95-110 GI range), during exer-
cise glycemic index is not a factor unless one
consumes more than the liver can return to the
energy cycle. It is important to remember that
the liver can return a maximum of approxi-
mately 280 carbohydrate calories per hour to
the energy cycle so no more than three servings
of Hammer Gel an hour is necessary 
or recommended.

Hammer Gel also contains four amino acids.
Three of these are metabolized in working mus-
cle tissue during exercise.  They are known as
the branch chain amino acids l-leucine, 
l-isoleucine, and l-valine.  They are included in
Hammer Gel to extend the benefits of the car-
bohydrate sources while helping prevent the
cannibalizing of lean muscle tissue.  The amino
acid l-alanine has been added because it aids in
carbohydrate metabolism.

The beauty of Hammer Gel is that it can be
used in its gel form or mixed in a water bottle to
make a superior carbohydrate drink. As a side
note regarding fluid intake, under most condi-
tions no more than 24-28 ounces of fluids per
hour is recommended.  More than that may
cause dilutional hyponatremia, an electrolyte
deficit resulting from excess fluid intake.

THE HAMMER NUTRITION FUELS

Continued on page 42



Continued from page 41

42

Overhydration  causes the dilution of elec-
trolytes, or a literal premature “flushing out” of
these minerals from the system. Whether
Hammer Gel is used “as is” or mixed with water
to create a carbohydrate drink, under most con-
ditions remember to limit fluid intake to about
24 ounces per hour or less.

The Need For Both 
Carbohydrates AND Protein
As mentioned in both the “10 Biggest
Mistakes” and the “Proper Caloric Intake” arti-
cles, once exercise goes beyond 90 minutes it
will be necessary to incorporate protein into the
fuel mix. That’s when our bodies begin utilizing
protein as a partial fuel source for energy
demands.  Remember, after about 90 minutes
of exercise, and until you stop exercising, about
10%-15% of the calories you burn will come
from protein.  Technically, this process is called
gluconeogenesis.  This process is unavoidable,
and if you don’t provide protein in your fuel,
your body will literally scavenge it from your
muscles.  It’s something called catabolism, also
known as “protein cannibalization,” and it’ll
cause premature muscular fatigue while you
exercise (due to excess ammonia production) as
well as increased post-workout soreness, in
addition to compromising your immune system
in the long run. Hammer Gel can most certain-
ly still be used during your longer workouts and
races but your primary fuel during these times
should contain both complex carbohydrates
and protein. Hammer Nutrition has two superb
fuels to satisfy that requirement - Sustained
Energy and Perpetuem.

Sustained Energy
Sustained Energy is a powdered fuel mix that
contains a precise 7:1 ratio of complex carbo-
hydrates and protein, and virtually no fat. As
with all the Hammer Nutrition fuels, it is for-
mulated without the use of simple sugars,
preservatives, or artificial sweeteners. This
product uses three types of complex carbohy-
drates, all of which have low dextrose
equivalents. As mentioned earlier, this means
that the solution will not sit in your stomach; it

will exit the GI tract and cross intestinal barri-
ers at the same rate as normal body fluids.
Solutions containing simple sugars at concen-
trations above 8% simply cannot do this; they
will sit in your stomach until sufficient fluids
are ingested or pulled from other areas in the
body.  This causes a host of problems ranging
from stomach distress to dehydration. 

In addition, Sustained Energy contains a specif-
ic amount of highly digestible soy protein. As
noted, in endurance activities, the body derives
10-15% of its fuel requirements from protein.
If protein is not available in the fuel source, the
body will cannibalize the lean muscle tissue to
get the amino acids it needs. This will cause
fatigue (from accelerated ammonia production)
in addition to compromised muscle function.
The preferred protein is soy as it has less chance
of degrading into ammonia compared to whey
protein (with its high glutamine content).
While glutamine is a vital amino acid for recov-
ery, it tends to degrade into ammonia rather
quickly making it an unwise choice to ingest
prior to and during exercise.  Soy has a superior
branch chain amino acid (BCAA) profile com-
pared to other proteins.  BCAAs aid in the
replenishing of glutamine without the excess
ammonia production experienced from supple-
mental glutamine. Additionally, they provide
nitrogen for the production of alanine, an
amino acid that the liver converts to glucose.
More glucose means more fuel.  

Sustained Energy also contains the lipotropic
nutrients choline and l-carnitine, which allow
the body to access and utilize the several thou-
sand calories stored as fatty acids, chromium
polynicotinate, which regulates insulin and
blood sugar levels, maximizing the efficiency of
blood glucose expenditure, and the dipeptide
carnosine, which is a superb lactic acid buffer. 

Since 1992 athletes have enjoyed the mild,
neutral taste of Sustained Energy and the
superb benefits the product provides. Sustained
Energy has been successfully used and proven
in every conceivable endurance and ultra



endurance event and will satisfy your body’s
specific fuel demands during your longest
workouts and races. 

Perpetuem
Perpetuem is the first fuel we’ve introduced in
over a decade and represents a major step in the
evolution of state-of-the-art fuels for use during
workouts and races lasting two hours or longer.
As with all Hammer Nutrition fuels, we never
add simple sugars to the carbohydrate profile.
Perpetuem contains a specific maltodextrin,
which provides nearly 87% of its caloric compo-
sition in long-chain (a.k.a. complex)
carbohydrates. Energy Smart ™, the same
healthy sweetener used in Hammer Gel, gives
Perpetuem its mellow-orange “dreamsicle” flavor.

A potent new calcium-enhanced soy protein
isolate known as “XT” makes up 
approximately 10% of the caloric profile of
Perpetuem. This particular soy protein 
contains a very high amount of intact, 

cardiovascular-enhancing isoflavones.

Perpetuem contains a precise amount of fat
derived from a soy bean-extracted, de-oiled
“super lecithin.” This type and amount of fat is
ideal for consistently and reliably fueling the
body and maximizing energy production from
stored fatty acids.

Additional nutrients in Perpetuem include a
specific, hourly-effective dose of Tribasic
Sodium Phosphate, an exceptional buffering
agent that neutralizes the effects of excess lactic
acid. Chromium polynicotinate, choline, l-car-
nitine, and carnosine, the same effective
nutrients found in Sustained Energy are also
included in Perpetuem.

Putting It All Together
The choice of fuel for your training sessions and
races is primarily dependent on the duration of
the day’s effort. All the Hammer Nutrition fuels
can be used alone or together, as your needs and
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Pre-race meal:
3 hrs. prior to start

1 hr. prior to training 
& competition

10 min. prior to training 
& competition

10-15 min. into 
training & competition

less than 90 min.

Use continually during
training & competition
longer than 90 min.

Within 30-60 min. after
training & competition

Add to diet for
increased daily protein

intake.

Hammer G
el

Sustained Energy

Perpetuem

Endurolyte
s

Hammer P
ro 

Whey
Hammer P

ro 

Soy
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USAGE CHART
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taste requirements dictate. 

Hammer Gel was designed primarily to 
fulfill the fuel requirements for more intense
endurance events less than 3 hours at above
80% VO2 Max performance heart rate (HR).
Sustained Energy, used alone or with Hammer
Gel, satisfies fuel requirements for endurance
events lasting up to 6 hours at a 70-80% VO2
Max performance HR.

Perpetuem is formulated specifically for 
athletes attempting events lasting longer than 2
hours, especially when performance rate is kept
between 50-80% VO2 Max. For ultra
endurance events, especially those that extend
beyond the 12-hour mark, and may even go
into the multi-day realm, Perpetuem has no
equal.

The chart below will give you a good guideline
as to which fuel is best for specific workout dura-
tions and intensities. Remember that this is a
guideline only; personal experimentation is sug-
gested and recommended.

FUEL        
VO2 MAX - MAX HR          DURATION

Hammer Gel      
85-100%       up to 2 hours
Sustained Energy 
70-90%       2 to 6 hours
Perpetuem          
50-70%      > 4 hours
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Ingredients: Maltodextrin, Soy Isolates, Energy
Smart®, Lecithin, Dreamsicle Flavor, Sodium
Tribasic Phosphate, L-Carnosine, L-Carnitine
Tartrate, Choline Bitartrate and Chromium®

brand Chromium Polynicotinate

Continued from page 43
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For too long, endurance athletes have been bombarded, and prob-

ably confused by, the plethora of concepts (including some pretty

bizarre ones) regarding the proper fueling of their bodies prior to,

during, and after exercise. To the rescue comes the THE

ENDURANCE ATHLETE’S GUIDE TO SUCCESS, which cuts through

all the hoopla and provides a primer regarding these important

issues. While finding the solution to properly fueling the body is a very

individualized endeavor requiring consistent practice in training, this

handbook provides the basic guidelines. It serves as the rationale

behind the E-CAPS & HAMMER NUTRITION line of endurance sup-

plements & fuels which have been successfully used in nearly every

conceivable endurance and ultra endurance contest on the planet.

About this Guide


