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This Evening’s Session
1. Energy metabolism: The basics

2. Carbohydrates for training and competition

3. Protein recommendations

4. Fat as a fuel

5. Periodized nutrition

6. Ergogenic aids (nutritional/performance supplements)
i. General overview
ii. Creatine
iii. Buffers (sodium bicarbonate, beta-alanine)
iv. Caffeine
v. Nitrate
vi. Combining ergogenic aids
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Macronutrients
Where all of our energy comes from...
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Energy metabolism
Converting stored food energy into useable energy for muscle 
contraction (i.e., movement)
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Energy metabolism
Carbohydrates require less oxygen to metabolize aerobically than 
fat, giving carbohydrates a “per-unit-of-oxygen energy bonus”

To produce CO2, which yields energy (ATP), carbohydrate 
(simple sugar) needs 6 O2 while fat (basic structure) needs 32 O2
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Energy metabolism
A higher rate of ATP production = 
faster muscle contraction/speed of movement
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Carbohydrates for Training
and Competition: Daily Needs

Burke et al. (2011) J Sports Sci 29:S17-S27

Activity Level Situation CHO Target
Low Low intensity or skill based 

activities
3-5 g.kg-1d-1

Moderate Moderate exercise
programme (~ 60 min/d)

5-7 g.kg.-1d-1

High Endurance programme 
(1-3 h/d mod-high intensity 

exercise)

6-10 g.kg.-1d-1

Very High Elite endurance
athlete/Ultra-endurance 

(>4-5 h/d mod-high 
intensity)

8-12 g.kg.-1d-1
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How much ”food” (e.g., pasta, rice, potatoes, bread) do you 
need to reach your daily CHO target?

Activity Level Situation CHO Target
Low Low intensity or skill based 

activities
3-5 g.kg-1d-1

Moderate Moderate exercise
programme (~ 60 min/d)

5-7 g.kg.-1d-1

High Endurance programme 
(1-3 h/d mod-high intensity 

exercise)

6-10 g.kg.-1d-1

Very High Elite endurance
athlete/Ultra-endurance 

(>4-5 h/d mod-high 
intensity)

8-12 g.kg.-1d-1

Carbohydrates: Daily Needs
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Carbohydrates for Training
and Competition: During ex.

Burke et al. (2011) J Sports Sci 29:S17-S27
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Carbohydrates for Training
and Competition: ”Loading”

Burke et al. (2011) J Sports Sci 29:S17-S27
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Carbohydrates for Training
and Competition: ”Loading”

Burke et al. (2011) J Sports Sci 29:S17-S27
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Nutrition and Athletic 
Performance
ACSM, AND & DC Joint Position Statement, 2016

Thomas et al. (2016) Med Sci Sports Exerc 48: 543–568
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Multiple Transportable CHOs
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Carbohydrates for Training
and Competition

https://www.mysportscience.com/post/2015/05/14/carb-mixes-and-benefits

https://www.mysportscience.com/post/2015/05/14/carb-mixes-and-benefits
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Carbohydrates for Training
and Competition

Jeukendrup (2014) Sports Med 44:S25-S33
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Multiple Transportable CHOs

McGawley et al. (2012) Appl Physiol Nutr Metab 37:664-671
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Multiple Transportable CHOs

McGawley et al. (2012) Appl Physiol Nutr Metab 37:664-671
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Multiple Transportable CHOs

Currell & Jeukendrup (2008) Med Sci Sports Exerc 40(2):275-281
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Multiple Transportable CHOs

Currell & Jeukendrup (2008) Med Sci Sports Exerc 40(2):275-281
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CHO Hydrogel Products
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CHO Hydrogel Products

King et al. (2020) Int J Sport Nutr Ex Metabol 30:305-314

Figure — Mechanisms of CHO hydrogel formation and delivery to the small intestine. Despite benefits to 
gastric emptying with hydrogelencapsulated CHO, the rate-limiting step of exogenous CHO oxidation lies 
in the intestinal transport of monosaccharides. CHO = carbohydrate
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CHO Hydrogel Products

Rowe et al. (2022) Med Sci Sports Exerc 54:129-140
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CHO Hydrogel Products

King et al. (2020) Int J Sport Nutr Ex Metabol 30:305-314
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CHO Hydrogel Products

King et al. (2020) Int J Sport Nutr Ex Metabol 30:305-314

Figure — Forest plot of standardized effects sizes and 95% confidence intervals for exercise performance in studies comparing CHO 
hydrogel formulations with isocaloric CHO or noncaloric placebo solutions. H = hydrogel; MD= maltodextrin; MD+ F = maltodextrin + 

fructose; PLA = placebo; H (MD + F) = hydrogel of MD+ F; CHO = carbohydrate.
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CHO Hydrogel Products

Pettersson et al. (2019) J Int Soc Sports Nutr 16:46
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DIY CHO Hydrogel

+ +

50 g MD + 50 g S + ¼ teaspoon SA blended in 150 mL H2O
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CHO Dose and Frequency
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CHO Dose and Frequency

Stocks et al. (2016) Scand J Med Sci Sports 26:1100-1108



Mittuniversitetet

CHO Mouth Rinse

Rodrigues Oliveira-Silva et al. (2022) ” Effect of carbohydrate mouth rinse 
on muscle strength and muscular endurance: A systematic review with 
meta-analysis”. Crit Rev Food Sci Nutr

Painelli et al. (2022) ” A Narrative Review of Current Concerns and Future 
Perspectives of the Carbohydrate Mouth Rinse Effects on Exercise 
Performance”. SAGE Open Med
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Protein and Training
International Society of Sports Nutrition Position Stand

Jäger et al. (2017) ) J Int Soc Sports Nutr 14:20
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Protein as ”Food”

Jäger et al. (2017) ) J Int Soc Sports Nutr 14:20

What do these guidelines translate to in 
terms of “food” (see some examples in the pictures)

over a whole day and per serving:

- Daily PRO intake: 1.4–2.0 g/kg BM/day
- Evenly distributed every 3–4 h 
- Per serving: 0.25 g/kg BM or 20–40 g high 
quality PRO (e.g., ≥ 700–3000 mg leucine 
and other EAAs)

International Society of Sports Nutrition Position Stand
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Fat as a Fuel

FAT
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Fat as a Fuel... in Triathlon
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• Volek et al. (2015) ”Rethinking fat as a fuel for endurance
exercise”. Eur J Sport Sci 15:13-20

• Burke et al. (2017) ”Low carbohydrate, high fat diet impairs
exercise economy and negates the performacne benefit from 
intensified training in elite race walkers”. J Physiol 595:2785-2807

• McSwiney et al. (2019) ”Impact of ketogenic diet on athletes: 
Current insights”. OA J Sports Med 10:171-183

• Burke (2021) ”Ketogenic low-CHO, high-fat diet: The future of 
elite endurance sport”. J Physiol 599:819-843

Fat as a Fuel
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Periodized Nutrition
”The planned, purposeful, and strategic use of specific nutritional 
interventions to enhance the adaptations targeted by individual 
exercise sessions or periodic training plans, or to obtain other 
effects that will enhance performance longer term.”

- Training low (e.g., twice a day, fasted, without sport drink, high-
fat/ketogenic diet, CHO restriction, sleep low)

- Training high (e.g., high muscle/liver glycogen, high CHO diet)

- Training the gut (e.g., stomach comfort, gastric emptying, 
absorption)

- Training race nutrition

- Training dehydrated

- Training with supplements

Jeukendrup (2017) Sports Med 47:S51–S63
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Periodized Nutrition
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General Overview
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• The use of nutritional supplements is a common and 
legitimate strategy employed by athletes to enhance 
performance

• BUT… supplements serve as an addition to a 
healthy, balanced diet, not as a substitute

General Overview
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General Overview

https://www.ais.gov.au/nutrition/supplements

https://www.ais.gov.au/nutrition/supplements
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General Overview

https://www.ais.gov.au/nutrition/supplements

https://www.ais.gov.au/nutrition/supplements
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General Overview
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Creatine
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Creatine
• Creatine (Cr) is a naturally occuring compund mostly found (95%) in 

muscle tissue (the other 5% is found in various organs: brain, liver, kidneys, testes)

• The primary dietary sources are fish and red meats (see Table 11.4 in 
Jeukendrup & Gleeson), but it can also be synthesised by the body

• Cr in muscle is phosphorylated and 60–70% is stored as PCr, with TII 
fibres storing ~ 30% more Cr than TI fibres

• Greenhaff et al. (1993): the first study to show ↑ performance (by 6%) with
Cr supplementation (CrS)

• Most performance studies now show positive effects of CrS

• Loading: 4 x 5 g for 6 days (+ 2 g/day for maintenance over 35 days)
1 x 3 g for 28 days

• The largest increases are seen in those with low initial concentrations
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Creatine
• Increases of ~ 0.5–3.5 kg BM may occur with CrS, perhaps due to ↑

intracellular water, ↑ protein synthesis or  protein breakdown

• This may or may not be a problem, depending on the sport

• CrS is generally considered beneficial for high-intensity exercise
performance and resistance training

• The proposed mechanisms are:
Increased PCr availability
Increased rate of PCr resynthesis
Reduced anaerobic glycolysis
Buffering of H+

• There is no scientific evidence for any detrimental health effects, 
although anecdotal reports include various problems

• More information is required regarding the health risks of CrS
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Buffers
• During intense exercise H+ concentration increases in the 

muscle cells, leading to an acidic environment

• Increased muscle acidity is a limiting factor (i.e., a cause of 
fatigue) for performance in events lasting ~ 1–10 min

• Accumulated H+ are “buffered” by extra- and intracellular 
buffering mechanisms

Extracellular buffer: sodium bicarbonate (citrate)
Intracellular buffer: beta-alanine (carnosine)

• These buffers provide an effective and rapid way of normalising 
the H+ concentration

• Improving these buffering systems appears to delay the onset of 
fatigue due to muscle acidity, thus improving performance
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Buffers

Edge et al. (2006) Eur J Appl Physiol 96: 225-234

http://www.google.se/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=Q8zDz2GDDPLscM&tbnid=6loxRIT_pcr7KM:&ved=0CAUQjRw&url=http://www.dreamstime.com/royalty-free-stock-images-female-student-walking-down-university-corridor-image5949769&ei=v0qXUq_PH6TOygOX4oDgDA&bvm=bv.57155469,d.bGQ&psig=AFQjCNFQ2SJt1Sr_YxNSc8Mjs0caNjR5TQ&ust=1385733162367966
http://www.google.se/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=FtjKgb_OH-d9cM&tbnid=YQPGxYtcmhS3jM:&ved=0CAUQjRw&url=http://gamedayphotos.uwa.edu/soccer%20women/2011/Practice%208-11-11/index.html&ei=dUyXUt7PBKi_ygPl9oKAAg&psig=AFQjCNF3J0OwfYo0WH71SotapLtsQW12ag&ust=1385733526337885
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Buffers

Edge et al. (2006) Eur J Appl Physiol 96: 225-234
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Buffers: Bicarbonate

• Bicarbonate is a Group A supplement according to the AIS 
(“supported for use in specific situations in sport”)

• Bicarbonate is an extracellular buffer, buffering H+ in the blood

• Bicarbonate is useful for high-intensity sports relying upon 
anaerobic glycolysis, including team and racket sports

• Very explosive movements and long-duration exercise are 
generally unaffected, with events lasting 1–7 min perhaps 
benefitting most

• A 1-h maximal cycle effort was also  by 13-14% with bicarbonate



Mittuniversitetet

Buffers: Bicarbonate
• The most common way to load with bicarbonate: an acute dose of 

300 mg/kg BM taken ~ 1–2 h before the session/performance? 
(see Figure 11.15 in Jeukendrup & Gleeson)

• Loading may also occur over several days to increase buffer 
capacity, although this method requires further investigation

• Many individuals experience diarrhoea, gastro-intestinal 
discomfort, bloating and cramps with bicarbonate supplementation

• In order to overcome the gastrointestinal discomfort athletes can 
split 600 mg/kg BM over a day (or perhaps load over a period of days and 
stop supplementing 24 h before competition)

• In any case, methods of ingestion should be practiced first!
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Buffers: Beta-Alanine

• Beta-alanine was elevated from Group B  (“deserving of further 
research”) to Group A (“supported for use in specific situations in 
sport”) according to the AIS

• ↑ beta-alanine → ↑ carnosine → ↑ buffering → 
↑ high-intensity performance

• 4–8 doses achieving 3.2–6.4 g/day for 4–10 weeks = 
60–80% ↑ carnosine

• But is performance improved?

• Possibly, where acidosis is considered the primary cause of 
fatigue (i.e., short, high-intensity exercise)
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Buffers: Beta-Alanine

• Beta-alanine in the blood rises and falls within ~ 2 h of 
supplementation and all individuals appear to respond to it

• However, tingling (kittlande) feelings have been reported, and 
even discomfort

• High intensity cycling (110% maximal power) increased after 4 and 
10 weeks of beta-alanine supplementation by 13% and 16%, 
respectively, perhaps due to ↑ muscle buffer capacity

• Beta-alanine may be used as well as bicarbonate, due to the 
differing buffering locations (i.e., intra- versus extraceullar)
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Caffeine

• Most common sources: coffee, tea, cola and energy drinks

• Stimulating effect on the central nervous system (CNS)

• No longer classed by WADA as doping

• 100 mL coffee ≈ 100 mg caffeine

• Habitual use may not affect sensitivity

• Always practice individually prior to use
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Caffeine

TIMING

• Rapidly absorbed following oral consumption

• Peak blood (plasma) levels after ~ 30–60 min

• Half-life ~ 2–10 h, varying between individuals

• Best practice: ~ 1 hour before exercise

DOSE

• 2–9 mg/kg body mass

• 300–500 mg

• Best practice: 3 mg/kg?
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Caffeine
MECHANISMS – Original explanations

• ↑ availability of plasma fatty acids, thus increasing fat metabolism and 
suppressing CHO metabolism and ↓ glycogen utilisation

• But studies have since shown performance improvements without any 
changes in fat oxidation rates

MECHANISMS – More recent explanations

• CNS blocking adenosine receptors in the brain  blocking the 
substance that reduces motor activity + alertness

• ...Reduced sensation of effort, a given task “feels” easier

• Changes to muscle contractility: Altered neuromuscular pathways 
that facilitate muscle fibre recruitment

• …Enhanced anaerobic energy production?
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Caffeine

Jeukendrup & Glesson, Sports Nutrition (2nd edition) 
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Caffeine

DIURETIC

• Promoting the production of urine

• Increasing the risk of dehydration and poor temperature regulation

but...

• ...minor effects on urine losses / overall dehydration

• ...caffeine-containing drinks provide a significant source of fluid
(Stear et al., 2010 BJSM)

• Killer et al. (2014):
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Nitrate
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Nitrate
• Nitrate is a Group A supplement according to the AIS (“supported for use in 

specific situations in sport”)

• It is produced in the body and found in our diets (particularly in beetroot, celery, 
lettuce, rocket and spinach)

• Nitrate is reduced to nitrite, which is further reduced to nitric oxide (NO)

• NO is important for modulating skeletal muscle function (regulation of blood flow, 
muscle contractility, glucose and calcium homeostasis, mitochondrial biogenesis 
and respiration)

• A 70 mL “SHOT” = 300 mg nitrate, while 200 mL juice = 260 mg nitrate

• Nitrate is rapidly absorbed, with plasma levels peaking after around 1 h

• 5–6 mmol (300-400 mg) of nitrate is typically consumed ~ 2–2.5 h before exercise

• Supplementation seems to improve the O2 cost of exercise and performance
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Nitrate

Nybäck et al. (2017) Nitric Oxide 70:1-8
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Nitrate

Nybäck et al. (2017) Nitric Oxide 70:1-8
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Nitrate

Shannon et al. (2017) Sports Med 47:2155-2169
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Nitrate

Shannon et al. (2022) Sports Med 52:2537-2558
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Combining Ergogenic Aids

Oskarsson & McGawley (2018) Appl Physiol Nutr Metab 43:697-703
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Combining Ergogenic Aids

Berjisian et al. (2022) BMC Sports Sci Med Rehabil 14:52
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Combining Ergogenic Aids

Berjisian et al. (2022) BMC Sports Sci Med Rehabil 14:52
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• Burke et al. (2017) “Practical Issues in Evidence-Based Use of 
Performance Supplements: Supplement Interactions, Repeated 
Use and Individual Responses”. Sports Medicine, 47(Suppl 
1):79-100

Combining Ergogenic Aids
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Thanks!
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