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Fuel Use During Physical Activity

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

Percent of energy

use met by fuel source I 1 Protein || Carbohydrate [ JFat
100

I '

80 |-
70 |-
60 |-
50 |
40 |-
30 |-

20 |-
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Weightlifting 200-meter Championship  Hard cycling 2-hour
session hurdles basketball for 1 hour marathon
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Chart A: Blood Glucose Response to High- and Low-

Glycemic Foods

‘ S o>l
‘ Glycemic Index

Blood Glucose Levels

, ~

0 30 60 90 120
Minutes After Eating
—l— High Glycemic-Index Response

Low Glycemic-Index Response

Source: The Textbook of Natural Medicine




Glycemic Index (Gl)

The Gl reflects the rate of digestion and absorption of
CHO

Blood glucose area after test food

Gl = X 100
Blood glucose area after reference food




Clycemic Index of commonly consumed Ffoods

Basad o Fluooss a5 & levweld oF 100
EE-100+4 i= considered high

Maltose f[(a= used in
Glucose

TMhite bread

Baked potatoes
Carrots (cooked)
carrots (Juiced)
Bice cake=

Honevy

Paefined =uvugar
Corn [coocked)
Puffed TWMheat
Cornflake=s

TMhite rice
Shredded wheat
Millet

Paiszins (=seedless)
Pas=ta

Bananas

Couscous

Easmari Rice
Spaghetti, white
Pve Sonrdough
WMild rice

Browmn rice
Popcocorn

Fiwi, Grape, Marngo
TMhole—grain pasta
Pluawm, LApple, ODrangs
Lentils & FPeas
Chiclk Peas
Apricot, dried
Milk

MNut =

Hemp=eed

Tomatoes=s

oy beans

Green Wegetables

beari

105
100
=R
9L
=3
20
20
7L
7L
7L
7L
7L
ran
A
i
=5
&5
=0
=0
=0
&0
LEE
LE
5L
LEE
Lo
4L
40
400
25
20
20
1L5-=0
1t
1t
1t
o-15



Glycemic Load

* Glycemic index relative to the serving size

 Some CHO have high Gl but are consumed in small quantities per
serving

* GL = (Gl x CHO/serving)/100

e Ratings of glycemic loads
e High GL = >20
* Medium GL=11-19
* LowGL=<11



Sy e — . I
Glycemic Load (GL)?

« The glycemic load (GL) takes into account the amount of
carbohydrate (CHO) in a common serving in addition to
its glycemic index (Gl)

GL = (Gl of CHO x grams of CHO per serving) + 100

— Example: Carrots (peeled, boiled) have a Gl of 47
and 5 g CHO per serving

The GL of carrotsis: (47 x5)+100=2.4

10
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120 |- HIGH CHO DIET
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e 4o} °
-
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3 ! /——O
(& o]
2] 20 -
2 TRAINING BOUTS (2 hrs.)
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| O e VA GO S0 DT Ve N (A S G N AN N (RN DU WO (N TN O R N WA DY WO W M O vl AU T WM WO T v |
0 12 24 36 48 60 T2

TIME (hrs.)

Figure 3-2. Muscle glycogen content of the vastus lateralis (thigh) during three
successive days of heavy training with diets with caloric compositions of 40 per-
cent carbohydrate (Low CHO) and 70 percent carbohydrate (High CHO).
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Muscle glycogen
Plasma glucose
Plasma FFA
Muscle triglycerides

100 |—
80 |—

D

S

j—

L

@ go [

D

=

I

S

= 40 |—

a2
20 |—
o)

25 65 85

Exercise intensity
(VO max)

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.
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100

Fat

0
o

N
o

Other Carbohydrates
(Sports Drink)

BN
o

% of Energy Expenditure

N
o
]

Muscle Glycogen

0 | | |
1 2 3 4

Exercise Time @ 70% VO2 max (hours)

--reproduced from Coyle et al.. 1986



Glycogen Concentration
(umol/g wet wi)
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=
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Muscle Glycogen (mmol*kg)
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Table 4.8 CHO Loading

Original Classic Method

Day 1 Depletion exercise

Day 2 High-protein/fat, 15-20% C
Day 3 High-protein/fat, 15-20% CHO
Day 4 High-protein/fat, 15-20% C
Day 5 High CHO (70-80%)

Day 6 High CHO

Day [/ High CHO

Day 8 Competition




Modified Loading Procedure

Diet and Exercise Regimen One Week Before Marathon
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n Exercise Duration/Intensity

% Carbohydrate of Total

NS OO O B W=

90 minutes/70-75%V02
40 minutes/70-75%V02
40 minutes/70-75%V02
20 minutes/70-75%V02
20 minutes/70-75%V02
Rest

Competition

Calories (grams/pound)
50% (1.8g/Ib)

50% (1.8g/1b)
60-65% (1.8-2.3g/Ib)
70% (4.5g/1b)
70% (4.5g/Ib)
70% (4.5g/1b)

Pre-competition
meals and snacks




Table 4.8 CHO Loading

Contemporary Recommended Method

Day 1 Depletion exercise (optional)
Day 2 Mixed diet (50-55% CHO)
Day 3 Mixed diet

Day 4 Mixed diet

Day 5 High CHO (70-80%)

Day 6 High CHO

Day [/ High CHO

Day 8 Competition




Glycogen supercompensation my

c
CLASSICAL MODERATE
supercompensation supercompensation
protocol protocol
Dietary Dietary
carbohydrates carbohydrates
B
5
/ £ 5 3 2 @

8. O 4 3 0 |

training training

From: Jeukendrup and Gleeson Sport Nutnition Human Kinetics Champaign IL, 2010
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eweme cassca | Carbo-loading 99@®
Muscle protocol results in Should you aim for the highest possible Y ortscnence
glycogen :’:;;"c‘::’g;;'ggen muscle glycogen levels or is high good 3 -
(%Of maX) enough? @jeukendup
WMy S poetscience.com
E 100 () e Muscle glycogen is highest with a
greater classical super compensation
= 25 Q) protocol but may also results in more
o ' rapid breakdown, resulting in
jé Little/no difference | indifferent glycogen 60 min into
Q. in muscle glycogen i
5 o0 e after 60 min ik
o P
= ' Extreme loading protocols are not
25 [ Carbo-loading ~ necessary
F results in high ¥
E muscle glycogen }\‘-Jhp
Z i T =
0 : : . ,
0 30 60 90 120

Exercise time (min)

33



Most Recent Loading Technique

* 3 min of supramaximal exercise
* 10-12 gm/kg CHO for 24 hrs. (90% CHO)
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What happens when you ingest W:_..O
carbohydrate 45 min before exercise?

Bood ghacose beved — 2 and Mnsulie ooak e e

s s mml d p s WP mman

B e N L e L e
Hypotheals nd byt
may not actuslly




BLOOD GLUCOSE {mg %)
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Effect of carbohydrate X ¥

- ] e
feeding on performance in el oo
football (soccer) (3 ceuenaw

www.mysportscience.com

Carbohydrate intake
during football has been
show to improve running
performance (esp more
high intensity running)

84g

carbohydrate

These 84 grams could
be ingested just before
a match and at halftime

Kicking
accuracy
+3.5%

Agility ' Dribbling
+2.0% +3.2%

Currell et al IUSMEM 19, 2009 45
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Recommendations chart

Carbohydrate intake during exercise

<60 g/h
Carbohydrate Single or multiple
type transportable
carbohydrates

mysporiscience

Uniok the Power of Scienos 10 Optimise Performance

G @jeukendrup

www.mysportscience.com

>60 g/h
Multiple

transportable
carbohydrates

Carbohydrate coshiae
. amounts or
recommendation mouth rinse 30 g/h
l
0 30 min 60 min 75 min 2h 2.5h 3h

Nutritional training
recommended

(Oliams 88l ale il gac) e il s SIS0

Carbohydrate
recommendation
dependent on duration
{and intensity)
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Content of Energy Bars and Gels

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

TABLE 10-7 Calorie and Macronutrient Contents of Popular Energy Bars and Gels

Product Energy (kcal) Carbohydrates (g) Fiber (g) Protein (g) Fat (g)
Balance Bar (chocolate) 200 22 <1 14 6
Balance CarbWell (chocolate fudge) 190 23 2 14 6
Balance Gold (rocky road) 210 22 1 15 7
Clif Bar (chocolate chip) 250 45 5 10 5
Clif Shot (vanilla) 100 25 (0] 0 0
Genisoy Bar (cookies & cream) 240 35 1 14 4.5
Kashi Golean Bar (malted chocolate crisp) 290 49 6 13 6
Luna Bar (cherry-covered chocolate) 180 28 3 Q 5
PowerBar Gel (strawberry banana) 110 27 (0] (0] 0
PowerBar Performance (chocolate) 230 45 3 10 2
PowerBar Pria (French vanilla crisp) 110 17 5 5 3
PowerBar ProteinPlus (cookies & cream) 300 38 1 23 6
PowerBar Triple Threat (s’'mores) 230 30 4 10 8
Snickers Marathon (multigrain crunch) 220 32 2 10 7/
Zone Perfect (apple cinnamon) 210 21 1 15 7

Overall, choosing energy bars is preferable to choosing candy bars and packaged cakes. When used in sports situations, energy bars can be handy. Better yet, how-
ever, is to eat a variety of wholesome foods; these offer more health-protective compounds. This is also a less expensive choice, especially for day-to-day snacking. An
additional concern is that micronutrient toxicity might occur if numerous bars are eaten in a day, as many are highly fortified. Vitamin A and iron are two nutrients of
special concern in this regard.
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Most important factors that 0900

determine how much you sweat s

B @jeukendrup

www.mysportscience.com

Intensity of exercise (power, speed)

Temperature, humidity, windspeed

Clothing

Acclimation and training status

Genetics

oJoJoJolo
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DrlnkS OI’ QQIS? mysportscience

Uniock the Power of Scence 10 Optimise Performance

B @jeukendrup

www.mysportscience.com

Exogenous CHO oxidation (g/min)

14 -
Carbohydrate ingestion 1.80 g/min

i 1

0.7 -

04 -

Exercise at ~60%V02max

0.0 . . . . . : . . . . ,
30 60 90 120 150 180
Time (min)

Pfeiffer et al MSSE Med Sci Sports Exerc 42(11): 2038-45, 2010
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mysporiscience

Urniock U Possse of Soaeron (o OpSessos Petformance

Slow versus fast carbs at
rest and during exercise

3 a @jeukendrup
,«) www.mysportscience.com
&

Ingest

food

(50g

carbs) b
' o | During
> At rest § exerclse During exercise fluctuation
P ‘ in glucose are much
§ Fast carb § smaller: there are no peaks
S 3 Fast carb and drops in glucose
S Slow carb )

ot Slow carb
S o
o S
o )
0 1h 2h 0 1h 2h
eDuring exercise insulin is
£ £ ‘ suppressed (and very low)
F Fast carb F regardless of the
c c Fast carb carbohydrate ingested
= Slowcarb -~
Slow carb
0 1h 2h 0 1h 2h
Time Time

(Oliam o8y ale il siac) et ) Cpune S0
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Effect of pattern of
carbohydrate intake

Exogenous CHO oxidation
0.8

O WY oom

every
oo W B Jos

0.5
0.4
0.3 |

mysporiscience
Uniock tha Power of Scienca 10 Optimise Performance

a @jeukendrup

www.mysportscience.com

200 mL every
20 min better
than 50 ml
every 5 min

23% higher
exogenous
carbohydrate
oxidation

0_

0.2
0 20 40 60 80 100 _Cf|0-20 CHO-5

0.1
12 runners

100 min at 70% VOpeak
1 L of a 10% dextrose solution

Mears et al Med Sci Sports Exerc. 2020 Mar 10. In press
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Slower and faster oot
carbohydrates

mysportscience

a @jeukendrup

www.mysportscience.com

29
00

&

Very rapid
carbohydrates (blends)

Up to 1.0 g¢/min Up to 1.75 g/min

Fructose Glucose * Glucose and fructose
Galactose Sucrose (at least 60g/h glucose

Isomaltulose Maltose « Maltodextrin and fructose
Trehalose Maltodextrin (at least 60g/h maltodextrin)

Amylose s * Glucose, sucrose and

Amylopectin fructose
(at least 60g/h glucose and sucrose).

During exercise: Faster carbohydrates generally cause less gastro-intestinal
problems and deliver more benefits than slow carbs.

59



Better performance with carb blends

2h at 60%VO,max followed by a 1h time trial (~40 km)

mysportscience
Uniock the Power of Science 10 Optemse Peremance
G . Glucose+Fructose
@jeukendrup
www.mysportscience.com
=
Carbohydrate
during exercise Glueose
improves .
endurance
performance =
(>25h) 7.6% more
power over
: and above the
glucose:fructose = -
mixes improve Placebo 67:00 e:‘fects of
performance Gucese
even more
200 216 232 248 264 280
Currell and Jeukendrup. Med Sci Sports Exerc 40(2): 275-281, 2008 Power (W)

(Oliams 88l ale il gac) e il s SIS0

60



RATIO OF FRUCTOSE TO GLUCOSE

Note: fructose is best absorbed when 50% or less of total sugar content ACtual FrUCtOSE and GIUCUSE Content

Russet Potato | | ; . ;
B of Fruits and Vegetables after Digestion*
Sweet Potato
Sweet Yellow Corn | | GRAMS PER 100G (3.502)
I I 1 L] i 1 i
Banana Russet Potato
Carrot Fructose [ Tomato
Plums Glucose Sweet Potato
Apricot Carrot
| |
Peach | | Sweet Onion
Sweet Onion
| | Sweet Yellow Corn
Beets
| | Strawberry
Blueberries
I | | Beets
Mavel Orange Fructose
4 d I | Plums -
oneydew | | Apricot Glucose
Pineapple
[ |
Tomato Peach
| |
Green grapes Watermelon
| |
Strawberry Cantaloupe
| |
Cantaloupe Honeydew
[ |
Watermelon Navel Orange
[ |
Apple Blueberries
| |
Pear : . Pineapple
0% 10% 20% 30% 40% G50% 60% 70% 80% 90% 100% Banana
Data source: USDA Agricuiture Research Service Notionol Nutrient Dotobase for Stondard Reference Release 27. Pear
ndb.nal.uzda.gov/ndb/foods Referenced &7/15
# |n addition to free fructose and glucose, sucrose is represented as equal parts fructose and glucose. Apple
Maltose and digestible starch are represented as glucose, as these quickly turn into glucose upon digestion. I
. .y Green Grapes
www.diagnhosisdiet.com : : '
0g 10g 15g 20g
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mysporiscience

B @jeukendrup
Mechanical Physiological |

Causes of

Gastro- f -
intestinal e Reduced blood

flow to intestine
e Up and down problems . Stanmn
movements in running
e Position on bike

e High fat

e High fiber

e High protein

e Concentrated
carbohydrate solutions

e | arge volumes

Nutritional



Common gastro-intestinal
symptoms in athletes

Abdominal
cramping

Flatulence

Urge to defecate
Diarrhea
Bleeding

Nausea

Dizziness

Urge to urinate
Side ache (“stitch”)

mysportscience

Unkock the Power of Soenor 1 Cptense Pedormance

G @jeukendrup

www.mysportscience.com



Various methods of “Training the
gut” and their effects

Physiological effect

Methods Reduced bloating and

mysportscience

a @jeukendrup

www.mysportscience.com

Benefit

- fullness during exercise

Training with relatively
large volumes of fluid to
“train the stomach”

C Training immediately
after a meal

Increased gastric
emptying

(Training with relatively
high carbohydrate

\_intake during exercise . Increased capadityio

(Simulate the race with a absorb carbohydrate

\__race nutrition plan

a Incr d delivery of
Increased carbohydrate eased aelivery o

_ content of the diet carbohydrate

Reduced gastro-

intestinal symptoms

(@)



Dehydration & exercise performance

Physlcal performance
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Beverage Hydration Index

The higher the value, the better fluid is retained in the body

Oral rehydration solution
Skimmed milk

Whole milk

Orange juice

Cola

Diet cola

Cold tea

Tea

L.

y_ e

Still water

Sparkling water
Sports drink
Lager

Coffee

0.00

T

mysportscience

a @jeukendrup

www.mysportscience.com

After 2 h, full-fat
milk, skimmed
milk, ORS, and

orange juice had

a higher BHI
than still water
(all differences
¢ P < 0.05)

Maughan et al
Am J Clin Nutr
103: 717-723, 2016
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Carbohydrate
ingested
immediately
post exercise

Glycogen resynthesis
higher in the first 2
hours after exercise but
only with carbohydrate
feeding

Carbohydrate
ingested 2h
after exercise

Oh 1h 2h 3h 4h Post-exercise
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* No Superior Adaptations to Carbohydrate Periodization in Elite Endurance Athletes.
. 2017 Dec;49(12):2486-2497.

» Adaptation to a low carbohydrate high fat diet is rapid but impairs endurance exercise
metabolism and performance despite enhanced glycogen availability. / Physio/599.3
(2021) pp 771-790
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Normal Amount of Red Blood Cells
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