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Abstract

	This literature reviews examines 10 studies that have been conducted to research the effects that nutrient timing has on the optimal performance in athletes.  The articles vary in three hypotheses; pre-workout nutrient timing, during workout nutrient timing, and post-workout nutrient timing.  The main factors that play a role in these studies are the three macronutrients, carbohydrates (CHO), protein (PRO), and fats.  Some articles also include the effects of amino acids as a supplement to increase muscle resynthesis.   Aragon and Schoenfeld, (2013) studies the post-workout anabolic window which reared results that were not definitive while Churchward et al (2012) found that replenishing nutrients directly after resistance training may be a suitable way for athletes who are on a chronic exercise routine to increase performance and improve recovery.   This literature review will combine findings from all 10 research studies to examine the effectiveness of nutrient timing, in the optimal performance, recovery, and training quality of athletes.
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The Effects that Nutrient Timing has on the Optimal Performance in Athletes
	The idea of the value of nutritional timing on optimal performance in athletes has become just as important as training itself.   With the ongoing advancement in training techniques, athletes have adopted more strategic nutritional habits in hopes of performance improvement.   Athletes use nutrient timing as an effective method to increase performance, recovery, and training efficiency.  Studies suggest pre-workout nutrient dense foods enable enhanced performance outcomes, while others argue that post-workout nutrient timing rears the best results for recovery and optimal performance.  While there have been studies regarding the positive effects of nutrient timing on athletic performance, there is still evidence which question its actual benefits.  Therefore, the purpose of this literature review is to examine the impact of calculated macronutrients- carbohydrates (CHO), proteins (PRO), fats, and amino acids-intake on optimal performance in athletes.
Basics Concept of Nutrition Timing 
	There have been several research studies interpreting the importance of dietary periodization, or nutrient timing, and how it affects optimal performance, recovery, and training quality in athletic performers.  According to Marquet et al (2016) athletes use the so-called novel concept of a ‘nutritional rich environment’ for high-intensity exercise while also creating an environment for skeletal muscle enhancement.  Marquet et al., (2016) used twenty-one triathletes, who had been training over 2 years, and broke them into two groups.  The groups were randomly assigned and asked to perform the same training sequence for three weeks.  One group manipulated CHO availability (high-intensity workout with CHO, recovery with restricted CHO, low-intensity without CHO availability) while the second group maintained normal CHO levels throughout the day.   Tests were then conducted and analyzed (Marquet et al., 2016).  These  tests included the VO2max, endurance performance tests, submaximal tests, body composition, and statistical analysis.  Conclusions show an increase in the 10km run and capacity of high-intensity exercise from the participants who were on the periodized diet. There was also a decrease in body mass and energy expenditure during cycling in the ‘sleep –low’ group.   Results show that dietary periodization may be a promising philosophy for athletes.  Additionally, numerous studies found that the nutritional periodization of carbohydrates slow glycogen depletion during exercise, which enhances performance output.  Specifically, studies manipulate the variable of macronutrient nutrient timing surrounding a bout of exercise.in order to maximize performance. These  results suggest that by taking into consideration nutrient timing, not only performance but also physical recovery conditions are improved.
Effects of pre-exercise carbohydrate, protein, and fat intake
	Pre-exercise nutrition has been on the forefront of research for athletes in recent years.   Glycogen stores are depleted during exercise.  The idea of pre-exercise nutrition is that glycogen stores are not depleted as quickly when carbohydrates are consumed prior to a bout of exercise.  The term used to describe this type of dietary periodization is called “card-loading.”  Timing of carbohydrates directly affect the metabolic rate, but are less clear when it comes to exercise performance.  Raposo (2011) conducted a study on fourteen women between the ages of 14 and 35.  They were given a CHO supplement or placebo supplement before a high-intensity resistance training exercise (Rasposo, 2011).   The high-intensity workout included a 75 percent 1 rep max bench press, and an 85 percent 1 repition max leg press for X number of reps and sets which was calculated according to body weight.  Results showed no improvement in the participants who took the CHO supplement before resistance training.   Howeve, a A study done by Haf et al (2000) (as cited in Rasposo, 2011) found that a CHO drink before and during exercise decreased the amount and rate of glycogen depletion (Raposo, 2011).  Another pre-exercise nutrition theory is pre-sleep protein ingestion.  Trommelen & van Loon (2016) conducted a study with the purpose examining the efficiency of pre-sleep protein ingestion on the overnight stimulation of muscle reconditioning.   Participants had a protein supplement immediately following their workout and then 40 grams of casein protein or a placebo before sleep (Trommelen & van Loon, 2016).  Results show an increase in muscle mass and strength with regard to the men who had taken then 40g of casein before sleeping (Trommelen & van Loon, 2016).  These authorsTrommelen & van Loon (2016) concluded that amino acid availability is increased when a protein supplement is ingested and absorbed prior to going to bed, which stimulates muscle protein synthesis and increased recovery.   Other studies, specifically Foster et al., (1979) (as cited in Ormsbee et al., 2014) show a reduced time of exhaustion when carbohydrates were consumed 30 minutes prior to an endurance exercise.   Studies have also shown that manipulating fat stores may also be a viable idea when improving optimal performance.   For example, Murakami et al., (2012) found that eating high-fat meals before exercise may offset/preserve CHO stores.   Additionally, Murakami et al., (2012) (as cited in Ormsbee et al., 2014) studied eight collegiate males by having them consume the same thing three days prior to the study.  The authors found that during the study the males ingested a high-fat meal 4 hours and a placebo jelly 3 minutes prior to exercise, a high fat meal 4 hours and a maltodextrin jelly 3 minutes prior to exercise, or a high CHO meal 4 hours and placebo jelly 3 minutes prior to exercise.  SubjectsThey were asked to run 80 minutes at a submaximal level.  Participants who ingested the HFM and maltodextrin exhibited a lower CHO oxidation rate and higher fat oxidation rate.  This article concludes that CHO pre-exercise has benefits that enhance performance, as well as, higher fat intake.  CHO in combination with PRO pre-exercise does not have definitive benefits.  While pre-exercise nutrition has promising benefits to athletes, timing can be narrowed down by how long before the bout of exercise that macronutrients are consumed.  
	Additionally, it is a well-documented fact that glycogen is an important source of energy during endurance exercise.  Prolonged bouts of exercise deplete muscle glycogen.  Ikuma et al (2012) hypothesized, “an increased glycogen concentration before exercise improves endurance performance.”  Ikuma et al (2012) conducted an experiment, which studied eight male long-distance athletes, and the impact of their performance with a high fat or high carbohydrate diet prior to an endurance run (Ikuma et al., 2012).  For three days prior to the test each subject consumed the same ratio of macronutrients (carbohydrates, fats, and proteins).  The participants were given a ratio that was considered to be high fat meal (with maltodextrin jelly immediately before the workout) or what s considered a high carbohydrate meal (with placebo jelly immediately before workout) four hours prior to the endurance test (Ikuma et al., 2012).  This test commenced on day four. Findings show that a high fat meal followed by a carbohydrate prior to endurance can increase performance in athletes.  A high fat meal shows promise in delaying carbohydrate oxidation (Ikuma et al., 2012).  Furthermore, a high fat meal with a carbohydrate ingested immediately before exercise increased running performance.  While research has found promising results from the purposeful ingestion of macronutrients prior to a bout of exercise, less research has sought to find the effectiveness of macronutrient intake during exercise.
Effects of carbohydrates, protein, and fat during exercise
	 Muscle fatigue is an important factor in determining the nutrient intake and timing. Muscle fatigue can cause a decrease in required force during exercise (Albert, 2016, p. 185).  Fatigue occurs in three ways during exercise, a depletion of muscle glycogen, the depletion of the “energy stocks” that house muscular glycogen, and the generation of lactate, ammonia, CO2, and hydrogen, which is built up in the muscles (Albert, 2016, p. 185).  “Athletes must determine whether they will benefit most from exercise in the fasted or fed state when discussing variables such as substrate oxidation, muscle anabolism, and performance”(Laurenson & Dube (2015).  Laurenson & Dube (2015) conducted a study on males completing resistance training while drinking a CHO + PRO beverage during the exercise.  Six sets of bench press and squats were performed at 60 percent of the individual’s one rep maximum.  Results concluded that there was no significant difference in power.  There was a small difference in the work capacity during the bench press (Laurenson & Dube, 2015).  Other studies conducted by Haf et al., (as cited in Laurenson & Dube, 2015) “suggest an ergogenic benefit f consuming nutrients during resistance exercise.”  Similarly, Albert (2016) found that, “when glucose and fructose or glucose and sucrose are ingested simultaneously at high rates during endurance exercise, the experience of fatigue is likely to be reduced compared with the ingestion of an isoenergetic amount of glucose” (p. 192).  Likewise, a study done by Haf et al (2000) (as cited in Rasposo, 2011) found that a CHO drink before and during exercise decreased the amount and rate of glycogen depletion (Raposo, 2011).   Although studies can conclude an increase in performance when carbohydrates are consumed during exercise, this intake timing and quantity depends on the length of the exercise.  Studies suggest these factors can is can be more useful towards the latter part of a bout of exercise.  While the end of the workout is when muscles reach their most fatigued, it is impossible to ignore post-workout macronutrient timing.
Effects of post-workout carbohydrate, protein, and fat intake
	Post-exercise nutrition has also raised the suspicions of researchers.  Poole et al (2010) is aimed at finding the impact of protein and carbohydrate, post-exercise ingestion on muscle protein and glycogen synthesis.  According to Pool et al., (2010) a study conducted by Tipton et al., (1999) found that just a small amount of amino acids added to protein at a 3 to 1 ratios will effectively stimulate protein synthesis during rest periods.  They concluded that a protein supplement or amino acid could provoke a positive net protein balance, which will induce skeletal muscle hypertrophy (Poole, 2010).  Carbohydrates  may play a small role in muscle protein resynthesis but they are needed to replenish glycogen stores.
	Sleep-low is defined by depleting the body of glycogen fuels, so that athletes train with little to no glycogen stores available.  Specifically, Laurie-Anne et al (2016) defines “sleep-low” by stating, “sleep-low” consists of a sequential periodization of carbohydrate (CHO) availability—low glycogen recovery after “train high” glycogen-depleting interval training, followed by an overnight-fast and light intensity training (“train low”) the following day.  During exercise the brain and skeletal muscles rely on carbohydrate fuels.  Laurie-Anne et al., (2016) studied 11 healthy 18-40 year old men who were endurance-trained cyclist.  The first week of the study the participants trained and ate as they did habitually (Laurie-Anne et al., 2016).  The second week they followed specific guidelines.  They were then divided into two groups (Laurie-Anne et al., 2016).  Over six training sessions the first group had three cycles of periodized carbohydrates creating a ‘sleep low’ reaction while the control group consumed an even number of carbohydrates throughout the day.   The “sleep-low” strategy focuses on the periodization of carbohydrates (CHO) to increase performance outcomes while also increasing metabolic adaption, which is typically seen in low glycogen availability (Laurie-Anne et al., 2016).   This means the group did not intake any carbohydrates after their high-intensity training in the evening, until after their low-intensity training in the morning (Laurie-Anne et al., 2016).  The performance in comparison to the control group was improved in sleep low cyclists (mean: +3.2%; p < 0.05).   Results show an increase in performance through periodized eating and training after just one week.  This study has important findings that can be used for further research.   Gorman (2015) also conducted a research study on pre-sleep nutrition.  Female runners were asked to have chocolate milk or a placebo 30 minutes prior to sleeping.  The study concluded that there is a small enhancement in morning metabolism although; runners who took the PRO+CHO also experienced increased carbohydrate availability.  There was no difference in the performance of the 10-km run.  In conclusion, periodized eating suggests increased performance in athletes.  Given the methodology, researchers can conclude that dietary periodization, using the “sleep-low” strategy is effective in increased optimal performance.  While
 A single	A single bout of resistance exercise not only stimulates muscle protein synthesis but, also, stimulates the breakdown of muscle protein (Trommelen et al., 2016).  Trommelen & van Loon (2016) concluded that amino acid availability is increased when a protein supplement is ingested and absorbed prior to going to bed (Trommelen & van Loon, 2016).  They also found that 40g of casein protein before bed increased muscle mass and strength in men.  This proteins stimulates muscle protein synthesis and increased recovery.
Conclusion
	The purpose of this literature review was to examine the impact of calculated macronutrient (carbohydrates, proteins, and fats) and amino acids intake on optimal performance in athletes. To conclude, eEvidence supports that necessary nutrients are important to optimal performance in athletes, due to effective training quality and recovery.  The purpose of this literature review was to examine the impact of calculated macronutrient (carbohydrates, proteins, and fats) and amino acids intake on optimal performance in athletes.  It is obvious that nutrition cannot be ignored when taking into consideration performance outcomes.  Since rResearch results illustrate promising conclusions when nutrient timing is used appropriately, a.  Athletes may enhance performance by consideringshould take into consideration type of exercise, duration, and intensity when considering a nutritional program that is right for them.  While every individual athlete is different, the calculated, specific, timing of nutrient ingestion makes a difference in optimal performance when used properly.  
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