
Fueling Before, During and After Exercise 

Consuming carbohydrate prior to exercise can help performance by “topping off” 

muscle and liver glycogen stores. Consuming carbohydrate during exercise can improve 

performance by maintaining blood glucose levels and carbohydrate oxidation. Finally, 

ingesting carbohydrate after glycogen-depleting exercise facilitates rapid glycogen 

restoration, especially among athletes engaged in daily hard training or tournament 

activity. 

Pre-exercise meal 

Consuming carbohydrate-rich foods and fluids in the four hours before exercise 

helps to: restore liver glycogen, especially for morning exercise when liver glycogen is 

depleted from an overnight fast; increase muscle glycogen stores if they are not fully 

restored from the previous exercise session; ensure the athlete is hydrated; prevent 

hunger, which may in itself impair performance; and give the athlete a psychological 

boost (1). 

Consuming carbohydrate on the morning of an endurance event may help to 

maintain blood glucose levels during prolonged exercise. Including some low-glycemic 

index foods may be beneficial in promoting a sustained release of glucose into the 

bloodstream (1). 

The research suggests that the pre-exercise meal contain 1 to 4.0 gm of 

carbohydrate/kg, consumed one to four hours prior to exercise (2,3,4). To avoid potential 

gastrointestinal distress when blood is diverted from the gut to the exercising muscles, the 

carbohydrate and calorie content of the meal should be reduced the closer to exercise the 

meal is consumed. For example, a carbohydrate feeding of 1 gm/kg is appropriate an hour 



before exercise, whereas 4.0 gm/kg can be consumed four hours before exercise (4).  

Carbohydrate, g/kg Timing Prior to Exercise, hours 

1.0 1 

2.0 2 

3.0 3 

4.0 4 

 

Good examples carbohydrate-rich foods for pre-exercise meals include fruit, cereal, 

bread products (adding jam or jelly increases the carbohydrate content) and low-fat or 

nonfat yogurt. Fruit juices and nonfat milk are good carbohydrate-rich beverages. The 

athlete may also incorporate liquid meals or high carbohydrate liquid supplements. 

Consuming carbohydrate in the hour before exercise can cause rebound 

hypoglycemia (a rapid decrease in blood glucose levels), in most cases, the decline in 

blood glucose observed during the first 20 minutes of exercise is self-correcting with no 

apparent effects on the athlete (1).Pre-exercise carbohydrate feedings either improve 

performance by 7 to 20 percent or have no detrimental effect (1). 

Fueling during exercise 

Consuming carbohydrate during exercise lasting one hour or more can delay the 

onset of fatigue and improve endurance capacity by maintaining blood glucose levels and 

carbohydrate oxidation in the latter stages of exercise (4,5,6,7). Carbohydrate feedings 

may also improve performance in stop-and-go sports such as basketball, soccer, football, 

and tennis that require repeated bouts of high-intensity, short-duration effort (4,8). 



 

Carbohydrate absorption and oxidation as well as endurance performance can be 

increased by using a mixture of carbohydrates that use different intestinal transporters for 

absorption (9,10). Liquid (e.g. sports drink) and solid carbohydrates (e.g. sports bar and 

gel) are equally effective in increasing blood glucose and improving performance 

(11,12). 

The recommendations for carbohydrate intake during exercise can be absolute (g per 

hour) and not based on body weight (4,9). Consuming carbohydrate is neither practical 

nor necessary during exercise lasting less than 45 minutes (4). Small amounts of 

carbohydrate from sports drinks or foods may enhance performance during sustained 

high-intensity exercise lasting 45 to 75 minutes (4). Athletes should consume 30 to 60 g 

of carbohydrate per hour from carbohydrate-rich fluids or foods during endurance and 
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intermittent, high intensity exercise lasting 1 to 2.5 hours (4). As the duration of the event 

increases, so does the amount of carbohydrate required to enhance performance (4). 

During endurance and ultra-endurance exercise lasting 2.5 to 3 hours and beyond, 

athletes should consume up to 80 to 90 g of carbohydrate per hour (4,9). Products 

providing multiple transportable carbohydrates are necessary to achieve these high rates 

of carbohydrate oxidation (4,9). Athletes should individually determine a refueling plan 

that meets their nutritional goals (including hydration) and minimizes gastrointestinal 

distress (4). 

Exercise lasting less than 45 

minutes 

Not necessary or practical 

High-intensity exercise 

lasting 45 to 75 minutes 

Small amounts of sports 

drinks or foods 

Endurance and intermittent, 

high intensity exercise 

lasting 1 to 2.5 hours 

 

30 to 60 g per hour 

Endurance and ultra-

endurance exercise lasting 

2.5 to 3 hours and beyond 

 

Up to 80 to 90 g per hour 

 

Carbohydrate content of selected foods: 

1 quart of sports containing 6 to 8 percent carbohydrate  = 60 to 76 g  

1 high-carbohydrate sports bar = 40 to 45 g 

2 energy gels = 44 to 50 g 



10 large jelly beans (1 oz) = 26 g 

3 large graham crackers = 66 g 

4 fig cookies = 42 g 

1 banana = 30 g 

Recovery nutrition 

Utilizing effective refueling strategies following daily training sessions helps to 

optimize recovery and promote the desired adaptations to training. When there is less 

than 8 hours between workouts or competitions that deplete muscle glycogen stores, the 

athlete should start consuming carbohydrate immediately after the first exercise session to 

maximize the effective recovery time between sessions. The athlete should consume 1 to 

1.2 g of carbohydrate/kg per hour for the first four hours after glycogen-depleting 

exercise. Consuming small amounts of carbohydrate frequently – every 15-30 minutes – 

further enhances muscle glycogen synthesis (4, 13, 14,15). 

During longer periods of recovery (24 hours), it doesn’t matter how carbohydrate 

intake is spaced throughout the day as long as the athlete consumes adequate 

carbohydrate and energy. The type, pattern, and timing of carbohydrate intake can be 

chosen according to what is practical and enjoyable (4). 

Carbohydrate-rich foods with a moderate to high glycemic index should be 

emphasized in recovery meals/snacks to supply a readily available source of carbohydrate 

for muscle glycogen synthesis (15). 

Recommendations for carbohydrate intake after glycogen-depleting exercise: 

• When less than 8 hours between exercise sessions, start consuming carbohydrate 

immediately after exercise to maximize recovery time 



• Consume 1 to 1.2 g of carbohydrate/kg/hour for the first four hours after glycogen-

depleting exercise  

• Early refueling may be enhanced by consuming small amounts of carbohydrate 

more frequently – e.g., every 15-30 minutes  

• Choose medium– to high–glycemic index foods. 

Adding protein to the recovery feeding does not enhance muscle glycogen storage 

when the amount of carbohydrate is at or above the threshold for maximum glycogen 

synthesis — 1 to 1.2 gm/kg/hour (15). However, adding a small amount of protein (~0.3 

g/kg/hour) to a suboptimal carbohydrate intake (< 1 g/kg/hour) can accelerate muscle 

glycogen restoration (16). 

Consuming protein with recovery snacks and meals also helps to increase net muscle 

protein balance, promote muscle tissue repair, and enhance adaptations involving 

synthesis of new proteins (17). The athlete’s initial recovery snack/meal should include 

15 to 25 g of high quality protein in addition to carbohydrate (4,18). This can be provided 

by 16 ounces of skim milk (16 g), two to three large eggs (14-21 g) or two to three 

ounces of lean red meat (14-21 g). 

References 

1) Burke L. Preparation for competition. In: Clinical Sports Nutrition, 3rd ed. Burke L 

and Deakin V, Eds. McGraw-Hill, Australia, 2006. 

2) Sherman WM, et al. Carbohydrate feedings 1 hr before exercise improves cycling 

performance. Am J Clin Nutr 54:866, 1991.  

3) Sherman WM, Brodowicz G, Wright DA, et al. Effects of 4 hr preexercise 

carbohydrate feedings on cycling performance. Med Sci Sport Exerc 12:598-604, 1989.  



4) Burke LM, Hawley JA, Wong S, Jeukendrup AE. Carbohydrates for training and 

competition. J Sports Sci. Jun 8:1-11. [Epub ahead of print] 2011. 

5) Coyle EF, Hagberg JM, Hurley BF et al. Carbohydrate feedings during prolonged 

strenuous exercise can delay fatigue. J Appl Physiol 55: 230, 1983. 

6) Coyle EF, Coggan AR, Hemmert MK, Ivy JL. Muscle glycogen utilization during 

prolonged strenuous exercise when fed carbohydrate. J Appl Physiol 61: 165, 1986. 

7) Temesi J, Johnson NA, Raymond J et al. Carbohydrate ingestion during endurance 

exercise improves performance in adults. J Nutr. 141:890-7, 2011. 

8) Phillips SM, Sproule J, Turner AP. Carbohydrate ingestion during team games 

exercise: current knowledge and areas for future investigation. Sports Med. 41:559-85, 

2011. 

9) Juekendrup AE. Carbohydrate and performance: the role of multiple transportable 

carbohydrates. Curr Opin Clin Nutr Metab Care. 13:452-7, 2010. 

10) Currell K, Jeukendrup AE. Superior endurance performance with ingestion of 

multiple transportable carbohydrates. Med Sci Sports Exerc 40: 275-81, 2008. 

11) Pfeiffer B, Stellingwerff T, Zaltas E, Jeukendrup AE. CHO oxidation from a CHO 

gel compared with a drink during exercise. Med Sci Sports Exerc. 42:2038-2045, 2010. 

12) Pfeiffer B, Stellingwerff T, Zaltas E, Jeukendrup AE. Med Sci Sports Exerc. 

Oxidation of solid versus liquid CHO sources during exercise. 42:2030-2037, 2010. 

13) Ivy JL, Katz AL, Cutler CL et al. Muscle glycogen synthesis after exercise: effect of 

time of carbohydrate ingestion. J Appl Physiol 65: 1480, 1988. 

14) Ivy JL, Lee MC, Broznick JT, Reed MJ. Muscle glycogen storage after different 

amounts of carbohydrate ingestion. J Appl Physiol 65: 2018, 1988.  



15) Burke L. Nutrition for recovery after training and competition. In: Clinical Sports 

Nutrition, 3rd ed. Burke L and Deakin V, Eds. McGraw-Hill, Australia, 2006. 

16) Betts JA, Williams C. Short-term recovery from prolonged exercise: exploring the 

potential for protein ingestion to accentuate the benefits of carbohydrate supplements. 

Sports Med. 40:941-59, 2010. 

17) Phillips SM, Moore DR, Tang JE. A critical examination of dietary protein 

requirements, benefits and excesses in athletes. Int J Sport Nutr Exerc Metab.  17(Suppl): 

S58-S76, 2007. 

18) International Olympic Committee Consensus Statement on Sports Nutrition. 2010. 

http://www.olympic.org/Documents/Reports/EN/CONSENSUS-FINAL-v8-en.pdf 

 

©	  2012	  Abbott	  Laboratories	  
The	  EAS	  ACADEMY™	  website	  and	  its	  content	  is	  owned	  by	  Abbott	  Nutrition,	  a	  division	  of	  Abbott	  Laboratories.	  	  All	  
rights	  reserved.	  
Any	  redistribution	  or	  reproduction	  of	  any	  part	  or	  all	  of	  the	  contents	  in	  any	  form	  is	  prohibited	  other	  than	  the	  following:	  
1.	  	  you	  may	  print	  or	  download	  to	  a	  local	  hard	  disk	  extracts	  for	  your	  personal	  and	  non-‐commercial	  use	  only;	  
2.	  	  you	  may	  copy	  the	  content	  to	  individual	  third	  parties	  for	  their	  personal	  use,	  but	  only	  if	  you	  acknowledge	  the	  
website	  as	  the	  source	  of	  the	  material.	  
You	  may	  not,	  except	  with	  our	  express	  written	  permission,	  distribute	  or	  commercially	  exploit	  the	  content.	  Nor	  may	  

you	  transmit	  it	  or	  store	  it	  in	  any	  other	  website	  or	  other	  form	  of	  electronic	  retrieval	  system. 

 

 

 

 

 

 

 

 


