CARBOHYDRATES: TYPES &
ABSORPTION RELATED TO EXERCIS
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Any opinions or scientific interpretations expressed in this
presentation are those of the author and do not necessarily



OVERVIEW

* Review the importance of carbohydrates for athletes
» Structure and classifications

* Oxidation rates of different carbohydrates

* Absorption
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So overall, in most activities most of the time, carbohydrate will be the predominant energy source

Additional voice over:

Vitamins and minerals are often associated with “energy”.  However, they are not fuel.  Some of the micronutrients support the energy production pathway.  For example, iron is important to carry oxygen in the blood to the muscle, where it is used in aerobic pathways to convert carbohydrate and fat to energy (ATP).  B vitamins help enzymes in the muscle in their role of converting carb and fat to energy.
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INTRODUCTION TO CARBOHYDRATES

Maintain high rates of carbohydrate oxidation
Reduce ratings of perceived exertion
Increase endurance capacity

Delay the onset of fatigue

Prevent hypoglycemia

‘ CONSUMING CARBOHYDRATES WILL...

Baker L et. al. Nutrients. 2015;7:5733-5763

Jeukendrup, Rollo, Carter. Sports Science Exchange. (2013;26(118):1-8
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Over the years, a large body of literature has been developed around endurance… In general, when compared with placebo ingestion during exercise longer than 2 hours, carbohydrate feeding will; prevent hypoglycaemia, maintain high rates of carbohydrate oxidation, delay the onset of fatigue, reduce ratings of perceived exertion and increase endurance capacity. Regardless if protocol is TT or TTE



GATORADE
SPORTS
SCIENCE
INSTITUTE |

CARBOHYDRATE
DEFINED




CARBOHYDRATE DEFINED

CH,OH

© An organic compound made of carbon, hydrogen and

al oxygen.

OH
OH
OH

‘J A class of food that is rich in sugars, starches, or
fibers.

N
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An individual carbohydrate is classified as a sugar, starch,

MQ or fiber depending on the structure and number of

glucose molecules.



Presenter
Presentation Notes
In order to understand why carbohydrates are such an important component of the athlete’s diet, we need to start with first understanding what we mean by the term “carbohydrate.”

In chemistry, a carbohydrate is an organic compound made up of carbon, hydrogen, and oxygen atoms.

In nutrition, carbohydrates are actually a whole class of foods, made up of these organic compounds, that is rich in sugars, starches, or fibers.

Whether an individual carbohydrate is classified as a sugar, starch or fiber depends on its structure and number of glucose molecules. 



CARBOHYDRATE CLASSIFICATIONS

monosaccharide —
Simple

=  Carbohydrates
(Sugars)

disaccharide _

: Complex
polysaccharide/ } Carbohydrates
N glucose polymer (Starches/Fibers)
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A monosaccharide contains one carbohydrate molecule, and a disaccharide two.  Mono- and di-saccharides are known as the simple carbohydrates, or sugars.

When 3 or more carbohydrate molecules are linked together, they form a complex carbohydrate.  Depending on the number of molecules and how they are linked together, the complex carbohydrate is a starch or fiber.

Regardless, all types of carbohydrates provide the body with 4 calories per gram.



CARBOHYDRATE CLASSIFICATIONS

Monosaccharides

glucose fructose galactose




CARBOHYDRATE CLASSIFICATIONS

Disaccharides

®e




CARBOHYDRATE CLASSIFICATIONS

Polysaccharides

O-O-0-0-0-0-0-O-0-0

amylose

congses

amylopectin



CARBOHYDRATE CLASSIFICATIONS

Maltodextrin ~ * ©roup of glucose polymers
* Produced from potato or corn starch

* Same oxidation rate as glucose and sucrose
* Common carbohydrate source in sports
nutrition products
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CARBOHYDRATE CLASSIFICATIONS

Starch

« Amylose
- Amylopectin

Glucose Sucrose

Fructose Lactose
Fiber

« Soluble

Galactose Maltose . Insoluble
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CARBOHYDRATE CLASSIFICATIONS
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Fruits are an example of foods containing monosacchrides, although they are rich in fiber as well.  Sucrose, a disacchride, is table sugar.  Sugar beets are a rich source of sucrose.

Foods like honey and molasses contain a blend of the sugars sucrose, glucose, and fructose.

Foods like bread, pasta, and potatoes contain starches.  Whole grain varieties contain more fiber.  All plant-based foods are good sources of fiber, beans being one example.

Athletes should eat a blend of these foods throughout the day as part of a carbohydrate-rich diet.  As with all individuals, they should eat adequate fiber and focus on whole grains, fruits and vegetables.  




INGESTED CARBOHYDRATE
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When you eat carbohydrate…


CARBOHYDRATE CLASSIFICATIONS

Carbohydrates are often classified as “simple” and complex”
based on their structures.

But, this chemical classification doesn’t reflect the physiology of
the carbohydrate in the body.

Rather than simple/complex, choice of carbohydrate for athletes
during exercise should be based on oxidation rate, which is

determined by absorption at the intestine.
v/ .
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Jeukendrup A. Sports Science Exchange. 2007;20(106)1-6



https://www.gssiweb.org/en/sports-science-exchange/Article/sse-106-carbohydrate-supplementation-during-exercise-does-it-help-how-much-is-too-much-

CARBOHYDRATE STRUCTURE CLASSIFICATIONS

3 COMPLEX

° Amylose

° Amylopectin
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, we need to think about their physiology, how fast they are used by the body - can’t think of the traditional chemical classifications, you can see they are different


TYPES OF CARBOHYDRATES

&> SLOWER

° Fructose
@ ° Galactose @
Rapid Slow
Absorption Absorption
° Trehalose
° Maltodextrins @ ° Isomaltulose @
i 1.0 g/min .06 g/min
° Amylopectin 60 9/h) ° Amylose 35 g/h)

Jeukendrup A. Sports Science Exchange. 2007;20(3)1-6
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, we need to think about their physiology, how fast they are used by the body - can’t think of the traditional chemical classifications, you can see they are different


CARBOHYDRATE RECOMMENDATIONS
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v When practicing or competing
for an hour or longer

« Goal = Performance
v 30-60 g/h

+ Easily digestible, quickly
oxidized carbohydrate



https://www.gssiweb.org/en/sports-science-exchange/Article/sse-140-carbohydrate-nutrition-and-team-sport-performance

OXIDATION

A faster rate of
carbohydrate oxidation
can result in a better
performance

Jeukendrup A. Sports Science Exchange. 2013;26(108):1-5

Jeukendrup A. Curr Opin Clin Nutr Metab Care. 2010;13:452-457



OXIDATION RATES DURING CYCLING

*

o 0o (- dm—y
Ao o
07 - /
120 min @ 65% max 06 /
60 min rest 0.5 ~ y
30 min @ 60% max
0.4 -
8% 3C-enriched 03 - /
glucose —or- galactose 09 _/
8mL/kg pre 0.1 1 > v
2 mL/kg every 15 min 0 ‘ | ‘ |

Leijssen et. al. JAP. 1995;79:720-725



INTESTINAL CARBOHYDRATE TRANSPORTERS

Intestinal wall has transporters for <:>
both glucose and fructose

Making use of both transporters
increases carbohydrate absorption Q
and oxidation

Fructose

Intestinal Wall




INTESTINAL CARBOHYDRATE TRANSPORTERS

Toll Booth Analogy

Think of the carbohydrate transporters
each as a lane of a toll booth

The more toll lanes that are open, the faster
the cars can move through

If less toll lanes are open for use, the cars
can get backed up



FRUCTOSE + GLUCOSE COMBINATION

You don’t need all “fast” sugars

@ *

FRUCTOSE
+ GLUCOSE

GLUCOSE

3 3.05 3.1 3.15 3.2 3.25 3.3 3.35

Total CHO Oxidation (g/min)

Lecoultre et. al. AJCN. 2010;92:1071-1079
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Fructose on it’s own is incompletely absorbed and can cause GI distress

Malabsorption of fructose is reduced significantly with glucose, but mechanism not understood

Study out of Luc Tappy’s lab in Switzerland examined fructose + glucose coingestion during prolonged exercise.  G+F resulted in 7% increase in total carb oxidation, including increased lactate production and oxidation.  (Fructose oxidation explained by increased lactate + glucose ox)

Bottom line – although fructose is not “fast”, it shouldn’t be ignored



MULTIPLE TRANSPORTABLE CARBOHYDRATES

Endurance activities > 2.5 hours

Aim for 90 g/h, use multiple transporters glucose
The CHO source should be a mix of glucose aalact:f-:_,— ’

and fructose in a ratio of roughly 2:1.

60 g/h of glucose (to saturate the SGLT1
transporters) and 30 g/h of additional fructose
for oxidation.

fructose

Intestinal lumen
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Jeukendrup A. Sports Science Exchange. 2013;26(108):1-5


https://www.gssiweb.org/en/sports-science-exchange/Article/sse-108-multiple-transportable-carbohydrates-and-their-benefits

SPORTS NUTRITION PRODUCTS

Common Sugars in Sports Nutrition Products

Dietary Sugar Source After digestion:

Glucose > Glucose
Sucrose > Glucose + Fructose
Maltodextrin > Glucose
High Fructose Corn Syrup >  Glucose + Fructose

Organic Cane Sugar, Honey, Molasses,

. Glucose + Fructose
Agave nectar, Fruit juice concentrate =
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However, they should still eat more glucose than fructose.  Good options for athletes during exercise are products that provide sources of glucose with fructose as well.

This chart shows that when reading the label, sucrose, HFCS, and what are considered “natural” sources of sugar – honey, molasses, fruit juice, cane sugar, all provide both glucose and fructose.  

Transition:  Including fructose with glucose is really a consideration for endurance athletes
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SUGAR




SUGAR

Sugar Gets a Bad Rap

Sugar is often demonized and called “toxic”

Many quickly oxidized carbohydrates are
sugars

For athletes, it’'s important to differentiate the
need for a functional CHO (sugar) during
exercise due to fast absorption and oxidation
— it won’t provide energy if it’s sitting in the
gut causing Gl upset!




ALL-DAY CARBOHYDRATE INTAKE

For sports nutrition needs
(pre/during/post exercise) the focus
should be on quickly oxidized CHO.

Throughout the rest of the day,
athletes should focus on nutrient-rich
sources regardless of oxidation rate,
including fruits, vegetables, whole
grains and legumes.

25-30 g/d = recommended fiber
intake from food.




ARTIFICAL SWEETENERS

S »

ZERO yANNO,
CALORIES ENERGY
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Zero calorie sweeteners include sucralose, aspartame, acesulfame K, stevia, and sugar alcohols. Sugar alcohols, for example xylitol, erithrytol, mannitol, are not exactly zero calorie.  They are incompletely absorbed into the bloodstream and result in blunted blood glucose response.
All of these compounds provide sweetness similar to sugar.  This is important since if an athlete likes what they are eating, especially during exercise, they are more likely to eat the right amounts.  
However, unlike sugar, these sweeteners do not have calories and therefore do not provide energy to the athlete.  For an athlete who needs energy from carbohydrate, it is important they do not mistake the presence of a sweetener for a sugar.



KEY
TAKEAWAYS

Carbohydrates are the primary fuel for muscle
contraction

Intake during exercise can help improve
performance

The chemical classification (simple/complex)
does not reflect the physiologic response in
the body

During exercise, consume mostly “fast”
carbohydrates — those that are quickly
oxidized

Multiple transportable carbohydrates
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