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ABSTRACT

Recovering muscles is crucial for athletes who want to perform optimally, remain injury-free, and enhance their skills over time. Year after year, advances in exercise science and nutrition seem not to change people’s beliefs in old nutritional strategies for muscles. It examines popular myths about how one should eat after a workout and compares them to the latest scientific findings. Using new data from controlled trials, combined studies, and research on cell processes, we examined the effects of macronutrients, micronutrients, and bioactive compounds on muscle growth, inflammation balance, glycogen replacement, and tissue recovery. This review highlights that factors such as lifestyle, diet, nutrition, and individual variability play a significant role in the recovery process. Furthermore, researchers are investigating how nutrition affects the body throughout the day, including the impact of omega-3 fatty acids and other dietary supplements. Moreover, people are encouraged to primarily eat wholesome foods and to add supplements only when necessary. This study aims to address some widespread misconceptions, adopting an approach based on the most current medical findings and tailored to each individual’s specific needs. Experts should investigate the interactions between the gut and muscles, sex disparities, and individualized eating plans to support faster recovery in various athletic groups.

Keywords: Muscle recovery, Nutritional strategies, Exercise science, Macronutrients, Omega-3 fatty acids



Introduction

The process of muscle recovery is crucial for achieving training adaptations and optimal sports performance. After strenuous workouts that involve both strengthening and cardio, the muscles in the body undergo several processes related to inflammation, protein breakdown, repair, and remodeling. The way recovery works plays a significant role in determining how athletes and active people perform, are injured, and develop further.1 Just as training is important, focusing on the period after training is equally essential because it creates most of the progress. In this situation, the nutrition strategies people use have become vital tools for enhancing and optimizing their recovery. Over the last two decades, there has been a significant surge in interest in nutrition for muscle recovery, driven by the expansion of the sports nutrition market, improved access to resources, and an increase in research.2

Many people today are aware that modifying their diet can reduce soreness, enhance recovery, and increase their ability to train effectively. Since many people care strongly about exercise, there are now many common myths and incorrect information about the body; much of it is not based on facts or simplifies complex sciences.3 The objective is to analyze the research behind well-known approaches to muscle recovery, with an emphasis on myths that are still widely believed. We focused on the physiology behind rest and analyzed the most popular ideas, including consuming protein immediately after a workout, avoiding carbohydrates, using supplements, and the benefits gained from fasting. Through the inclusion of recent studies, this review explains how the link between science and practice can be established.4 The aim is to focus on personalized, scientifically sound ways of understanding nutritional recovery by recognizing how bodies and factors around us vary and how science is continually evolving.



Literature Search Methods

A structured literature search was conducted using relevant peer-reviewed studies to ensure a comprehensive and up-to-date synthesis of evidence on nutritional strategies for muscle recovery. The search was carried out on controlled trials, systematic reviews, meta-analyses, and mechanistic studies published between January 2010 and May 2025. The databases that were used were PubMed, Scopus, Web of Science, and Google Scholar. The Boolean search strings applied included: “muscle recovery” OR post-exercise recovery AND nutrition OR diet OR macronutrients OR protein timing OR carbohydrates OR supplements OR omega-3 OR plant-based protein OR nutraceuticals. Studies were included if they confirmed they were conducted on human subjects and evaluated nutritional interventions such as (but not limited to) whole food-based and supplemental approaches in resistance, endurance training, or high-intensity exercise. Only English-language articles were considered. The exclusion criteria included non-peer-reviewed sources, animal studies, abstracts that could not be accessed in full, and non-related work to post-exercise recovery. Additionally, studies were excluded if they were only related to clinical nutrition or performance in sport. The initial search showed 1,482 records. After eliminating 317 duplicates, 1,165 records remained. The screening of titles and abstracts resulted in the omission of 841 records, and the remaining records were downloaded. Out of 324 full-text articles, the remaining numbers were evaluated based on the inclusion and exclusion criteria. Eighty-five studies were fully eligible and included in the review. The diagram below illustrates the visually represented PRISMA selection process. Such a clear approach to searching was designed to achieve a balanced and up-to-date representation of the current situation, with a focus on interventions in different athlete groups, while also highlighting the gaps. Although it is a narrative structure of review, this process-based method offers a better way to reproduce and conduct a critical appraisal (Figure 1).
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Fig 1 | PRISMA 2020 flow diagram of study selection. The figure illustrates the process by which studies will be identified, screened, and selected for use in this review. Out of the 1,482 records retrieved initially in four large databases, 85 studies were found to meet the inclusion criteria following elimination of duplicate records and selection of the relevant full-text records





Physiological Basis of Muscle Recovery

There are several phases involved in muscle recovery, and numerous essential cellular and molecular processes regulate these phases. The three main steps occur in sequence: inflammation, repair, and remodeling. When a person exercises until their muscles are heavily damaged, for example, in eccentric contractions, an acute inflammatory process gets triggered.5 The purpose of this phase is to remove tissue damage, heal, and repair; however, excessive or prolonged inflammation may interfere with recovery and improvement. The repair process starts from satellite cell action, proliferation, and differentiation to help generate new muscle fibers. Next, the recovered tissue is remodeled to match the rest of the muscle, becoming both stronger and more resistant to future stress.6 Proper nutrition is essential and crucial at every stage of our lives. Essential amino acids in protein, mainly leucine, trigger muscle protein synthesis (MPS) in muscles by turning on the mTOR signaling pathway. A sufficient amount of protein in the diet helps build new contractile proteins as well as repair damaged ones during remodeling. Carbohydrates help restore glycogen and regulate insulin levels, which in turn leads to reduced muscle protein breakdown and increased protein synthesis. Furthermore, some nutrients can change the levels of oxidative stress and inflammation.7 Omega-3 fatty acids and polyphenols can help slow down excessive inflammation, and foods containing antioxidants can mitigate oxidative damage without blocking essential signals sent by reactive molecules. Insulin, cortisol, and growth hormones (GHs) are influenced by the time of day and the food we eat. Proper eating after exercising can regulate these pathways and influence both our recovery and adaptation.8 Additionally, specific nutrients can interfere with key cellular pathways, such as AMPK, NF-κB, and PGC-1α, thereby connecting dietary habits to mitochondrial growth, the regulation of inflammatory action, and the body’s energy balance. Recognizing these connections demonstrates that proper and strategic nutrition is crucial in facilitating the patient’s recovery. The repair cycle begins through the action, proliferation, and differentiation of the satellite cells to assist in the synthesis of new muscle fibers. These steps are illustrated in the satellite-cell cascade (Figure 2). The reconstruction of the tissue follows, as the regenerated tissue is restructured to meet the expectations of the rest of the muscle, getting as strong as the rest and at the same time resistant against further strains.6”


[image: An illustration of the satellite-cell cascade during muscle regeneration.]

Fig 2 | Satellite-cell cascade during muscle regeneration6





Common Nutritional Myths and Misconceptions

Although much scientific evidence supports the importance of recovery nutrition, several myths still exist, often because they rely on outdated science, clever marketing, or flawed biological knowledge. These myths confuse both athletes and gym enthusiasts and also prevent them from achieving their full recovery potential.

Myth 1: Protein Immediately Post-Workout Is Always Necessary

Scientists have long believed that consuming protein immediately after exercise offers unique benefits. Experts have first discovered that consuming amino acids after performing resistance exercises significantly increases MPS. Nevertheless, the latest findings are leading to a new perspective on things.9 Getting more protein after exercising is helpful, but what matters more is how much protein you consume and when, as this has the biggest impact on muscle synthesis. Several recent studies suggest that eating quality protein throughout your meals is more important than focusing on the timing of intake. The anabolic window is not fixed and may shift over several hours.

Myth 2: Carbohydrates Hinder Fat Loss and Recovery

Recently, many athletes and dieters have started to see carbs as unhealthy. As a result, many believe that consuming post-exercise carbs hinders the process of shedding unwanted body fat. Eating enough carbohydrates after intense training helps maintain high energy levels. Furthermore, eating carbohydrates after a workout helps reduce cortisol levels and encourages muscle growth.10 Consuming a large amount of carbs before exercise may disrupt your energy balance, but choosing specific carbs at the right times does not interfere with fat loss or recovery from training.

Myth 3: Supplements Are More Effective Than Whole Foods

Given that the supplement industry is projected to be worth more than $300 billion worldwide, many people now believe that individual substances in supplements are more effective for recovery than the nutrients found in whole foods. Still, nutrients together in whole foods usually do a better job than individual supplements. For example, consuming milk or yogurt provides your body with high-quality protein and additional nutrients, including calcium, vitamin D, and other beneficial compounds that support recovery and overall well-being. To give another example, foods like berries or tart cherry juice are rich in polyphenols and fiber, and they do not need to be taken as pills.11 Even if you use supplements for any special reasons, keeping them as a backup and eating right is generally better in the long run.

Myth 4: Fasting Improves Recovery by Enhancing GH

Many people are increasingly considering intermittent fasting because it is thought to promote muscle repair by boosting GH. A short-term boost in GH after fasting may not lead to faster muscle repair or protein production, especially when enough amino acids are not present. Muscle repair needs the proper nutrients; GH by itself cannot replace what is needed for the process. More extended periods of fasting can hinder the cells’ ability to receive nutrients at a crucial time after exercise when recovery is sought. Moreover, such fiction raises suspicions about the many side effects of diet, even though these ideas are usually far from the truth.12 It is essential to challenge these beliefs so that exercise programs become science-based and enable everyone to make informed decisions.



Evidence-Based Nutritional Strategies

Good muscle recovery is achieved through a science-based approach and careful attention. It compiles essential studies that discuss how macronutrients, micronutrients, hydration, and newer forms of nutrients impact muscle repair and adaptation.

Protein Timing, Type, and Distribution

Protein Quantity vs. Timing

Protein is by far the most extensively studied nutrient in terms of muscle restoration. In the past, immediate intake after exercise was advised, as research has shown that MPS increases for up to 2 h after resistance training, and significant amounts of amino acids are crucial to this process.13 Recent findings suggest that the amount of protein you consume each day is more important, mainly when spread out throughout your meals, than when you eat it immediately after a workout. Scientific studies have found that consuming a moderate amount of protein evenly throughout the day supports a higher rate of MPS than when protein is consumed mainly in one meal.

Whole Food vs. Supplement Protein

The type of protein used also plays a significant role. Eating whole proteins is better than using branched-chain amino acids (BCAAs). Although BCAAs are famous, they don’t have enough amino acids on their own to help repair muscles.14 Because it contains a high amount of leucine, whey helps initiate strong MPS, while casein slowly releases amino acids, making it suitable for overnight recovery.

Plant-Based Proteins

Increasingly, studies suggest that consuming plant-based foods, such as peas, rice, or soy, is beneficial, especially when individuals eat enough of them and combine them effectively. Although plant proteins may contain less leucine and may not digest as easily as animal proteins, this can be addressed by increasing the amount per serving or incorporating various food sources that contain leucine.15 Thus, better results can be achieved if attention is given to the amount, type, and distribution of protein throughout the day.

Role of Carbohydrates in Recovery

Carbohydrates play a crucial role in post-exercise regeneration, as they replenish glycogen stores, maintain hormonal balance, and enhance muscle repair when combined with protein. Athletes who engage in extensive exercise require carbohydrates to replenish their energy stores. When you have run out of glycogen, your muscles may feel tired, you cannot perform well, and it takes longer to recover.16 In the first few hours after exercising, more glucose is drawn from the blood and stored as glycogen because the body’s cells are more sensitive to insulin. At the same time, combining protein and carbohydrates promotes better glycogen storage and often increases insulin levels in the blood, helping to prevent protein breakdown. Scientific studies indicate that consuming ~1.0–1.2 g of carbohydrates per kilogram of body mass per hour after training can help your muscles refuel more quickly, particularly after engaging in long endurance or high-intensity interval exercises. This strategy is crucial in group sports and training situations where concerns about the use of carbohydrates after exercise are unfounded.17 Consume carbohydrates at the proper times and in the amounts your body requires. They will help regulate your hormones, prevent muscle loss, and prepare you for another session without altering your physique plans. To sum up, you should focus on preparing for workouts and recovering well rather than just making food choices based on simplicity.

Fats and Recovery

Dietary fats, especially omega-3 fatty acids, have been shown to enhance the inflammatory process and cell repair mechanisms, although they are typically not included in recovery protocols. Post-exercise recovery has largely been overlooked regarding fats up to now, as people believe that fats delay the digestive process and prevent insulin from functioning properly. However, it has been proven that both EPA and DHA in omega-3 fatty acids can relieve inflammation and prevent catabolism. It has been found that using omega-3s can help reduce muscle soreness after exercise, improve muscle function following intense workouts, and also boost MPS when consumed with protein.18 Although a slight slowdown in gut function may occur after consuming extra-fat meals, moderate fats can even aid in muscle growth by controlling inflammation and other cellular activities. It is better to choose high-quality fats than to eat them in large quantities.

Micronutrients and Recovery

Vitamins, minerals, and antioxidants are essential micronutrients that enhance immune responses, minimize oxidative stress, and facilitate effective recovery of muscle mass. Although focus is given to macronutrients, micronutrients play a critical role in recovery and returning to health. Vitamin D helps regulate muscle movements, the immune system, and various inflammatory responses. People known as indoor athletes, as well as those who exercise during winter, have an increased risk of injury and slower recovery due to deficiencies. An insufficient amount of magnesium can lead to cramps and muscle weakness, as it plays a crucial role in producing energy for the body. After exercise, zinc supports both the immune system and wound healing. It has been known for some time that taking vitamin C or vitamin E can help reduce oxidative stress. Still, extremely high-dose supplements could disrupt training benefits through their effect on focused signaling in the cells.19 Recent evidence suggests that antioxidants are most effectively obtained from fruits and vegetables, as they provide numerous beneficial compounds to support recovery without hindering training progress. Reaching a nutritionally balanced amount of micronutrients is crucial for optimal physical recovery.

Hydration and Electrolytes

Proper hydration and electrolyte levels play a crucial role in muscle function, thermoregulation, and the prevention of fatigue or cramping during the post-exercise recovery period. When we are hydrated, our muscles function more efficiently, our temperature regulation is improved, and we recover more quickly. Just a slight lack of water can reduce your performance and cause extra pain after exercising. When you sweat during exercise, it decreases your plasma volume and alters the balance of electrolytes, which can cause fatigue and cramps. The primary goal of rehydrating after a workout is to replenish lost fluids and restore electrolytes, such as sodium and potassium. Taking solutions with electrolytes makes it easier for the body to maintain fluid levels and restore its plasma volume than drinking just water. Bright yellow urine and a thin body may indicate that an individual is dehydrated.20 Staying hydrated after exercising helps cells repair, nutrients are utilized, and muscles recover, which is an essential aspect of nutrition for gym recovery.

Emerging Nutraceuticals

Numerous studies support the use of specific nutraceuticals (e.g., tart cherry, curcumin, creatine, and collagen peptides) to enhance muscle recovery and reduce muscle soreness. There is evidence that some nutraceuticals help enhance the recovery process by reducing inflammation or by promoting muscle growth. Drinking tart cherry juice and taking curcumin can help reduce the recovery period, as both aid in reducing oxidative stress. Creatine helps maintain energy within muscles and supports their repair, while collagen peptides may aid in the recovery of connective tissue. Still, it is necessary to consider how much and when you take CBD, along with the situation in which someone takes it.21 Evidence shows that certain nutraceuticals aid the recovery process by decreasing inflammation or by stimulating muscle mass (Figure 3). Key points of deciding about post-exercise nutrition interventions according to the training type and purpose.”


[image: An illustration of a decision chart for selecting nutritional interventions post-exercise.]

Fig 3 | Decision chart for selecting nutritional interventions post-exercise8



Table 1 summarizes the degree of evidence supporting each key claim in the text.




	Table 1 | Evidence grading for key nutritional strategies in muscle recovery



		
	Topic
	Key Claims
	Evidence Strength
	Type of Evidence



	Protein Quantity vs. Timing
	Total daily intake is more important than immediate post-exercise timing
	✅ Strong
	RCTs, Meta-analyses (2021–2024)



	Whole Food vs. BCAA Supplements
	Whole proteins outperform isolated BCAAs in supporting MPS
	✅ Strong
	RCTs, Systematic Reviews



	Plant-Based Protein Effectiveness
	Effective when appropriately dosed and combined
	🟡 Moderate
	RCTs (short-term), Mechanistic studies



	Carbohydrate Role in Glycogen Replenishment
	Enhances glycogen resynthesis and protein retention
	✅ Strong
	RCTs, Performance Trials



	Omega-3s and Inflammation
	Reduces soreness and supports MPS when combined with protein
	🟡 Moderate
	Cohort and experimental studies



	Micronutrients (Vitamin D, Mg, Zn)
	Influence immunity, muscle function, and oxidative stress mitigation
	🟡 Moderate
	Observational and small-scale RCTs



	Antioxidants from Food vs. Supplements
	Whole-food antioxidants preserve training adaptations better
	⚠ Emerging
	Mechanistic and animal models



	Hydration and Electrolytes
	Prevents cramping, improves fluid retention, and enhances recovery
	✅ Strong
	RCTs, Performance Trials



	Tart Cherry and Curcumin
	May reduce soreness and inflammation
	⚠ Emerging
	Pilot studies, limited RCTs


	




Critical Appraisal of Current Evidence

Recent years have seen a significant improvement in understanding how to facilitate muscle recovery, thanks to several meticulously designed studies. The existing research is strong because it now connects nutrition science, physiology, and molecular biology while paying more attention to when nutrients are eaten, their interactions, and their effects.22 Furthermore, numerous studies employed measures such as MPS, creatine kinase blood markers, physical skill tests, and subjective assessments of muscle soreness, which enhanced the reliability of their results. Conversely, there are still many significant obstacles to overcome. Numerous studies on exercise recovery and nutrition have used young, male, and physically strong subjects, which makes it challenging to apply their findings to the general population. Although female athletes, seniors, and those who exercise for enjoyment are underrepresented, their hormones differ, and so do their approaches to exercise and recovery.23 Moreover, most studies have focused on immediate events, such as a single feeding episode or changes in markers, rather than examining how the body adapts over time. Therefore, these studies cannot draw definitive conclusions about the long-term effects of various dietary routines. Furthermore, results can sometimes differ due to variations in study design, medications used, diets, and types of exercise. Aspects related to the gut-muscle relationship, the effects of meal timing, and determining the optimal way to recover from exercise have not been well explored. There should also be studies that examine the effectiveness of whole foods versus supplements in natural and appropriate settings. However, little attention is given to the relationship between psychological stress, sleep, and nutritional recovery, despite more research showing how they influence one another.24 A research program that spans years and connects different areas is needed to fill the gaps and inform both medical care and public policy.



Practical Recommendations

To aid muscle recovery, scientists should recommend meals, not just provide advice on using specific nutrients. Even though guidelines exist, successful recovery support should be tailored to factors such as training intensity, the amount of exercise performed, the athlete’s level, and the timing of recovery.25 On an average day, consuming 1.6–2.2 g of protein per kilogram of body weight, divided into 3–5 meals, is a key factor in muscle recovery. It is a good idea to consume 20–40 g of high-quality protein within 1–2 h after training, especially if you don’t eat before exercise or work out multiple times a week. Sportsmen and women involved in several workouts daily should nourish themselves with 1.0–1.2 g/kg/h of carbohydrates, added to protein in the hours right after finishing the session, for improved recovery.26 It is essential to tailor the nutrition plan to each person’s specific sports activities, unique needs, and individual movements to aid recovery. A powerlifter needs to train differently from a soccer player because the rest between their sessions is very different. Some female athletes, as well as seniors, have particular needs: they may require extra attention to maintain healthy iron levels and consume proteins rich in leucine to support muscle growth. Individuals with hypothyroidism should strive to eat whole foods whenever possible.27 Eggs, dairy products, oily fish, legumes, fruits, and vegetables give you essential nutrients as well as special compounds that support your body’s recovery. Whey protein, creatine, omega-3 fatty acids, and tart cherry are some of the supplements suggested for individuals who exercise frequently, travel frequently, or have a poor diet. Ultimately, healthy eating for recovery should adhere to effective best practices, align with personal goals, and become sustainable over time.28 Table 2 describes a decision matrix relating athlete type, training load, and the recommended targets of protein and carbohydrate intake and relevant recovery supplements To help to apply evidence-based nutrition strategies to different populations of athletes, a decision matrix is presented retrieving athlete type and training load and recommending the target of protein and carbohydrate intakes and appropriate supplements of recovery. The present visualization should help transform the current research into something that can be utilized and applied by coaches, practitioners, and athletes. It focuses more on individualization of training needs, physiological needs, and recovery objectives.




	Table 2 | Nutritional recovery targets by athlete profile




	Athlete Type
	Training Load
	Protein Target
	Carbohydrate Target
	Recovery Supplements



	Endurance Athlete
	2 sessions/day; HIIT or long runs
	1.8–2.2 g/kg/day
	6–10 g/kg/day
	Whey protein, Electrolytes, Omega-3s



	Strength Athlete
	Heavy lifting, 4–6 days/week
	2.0–2.2 g/kg/day
	3–5 g/kg/day
	Creatine, Casein, Tart cherry



	Team Sport Player
	Matches + training, 3–5 days/week
	1.6–2.0 g/kg/day
	5–7 g/kg/day
	Whey protein, Carbohydrate gels



	Recreational Exerciser
	45–60 min sessions, 2–3 days/week
	1.2–1.6 g/kg/day
	3–5 g/kg/day
	Whole food protein, Berries



	Older Adult Athlete
	Moderate resistance and cardio
	1.6–2.0 g/kg/day (high in leucine)
	3–5 g/kg/day
	Leucine-rich protein, Vitamin D, Omega-3s







Future Directions

Future studies on recovery diets should focus on addressing the specific needs of each individual. Adventures in nutrigenomics, metabolomics, and the gut-muscle axis are offering the possibility of designing interventions based on an individual’s DNA, metabolic levels, and microbiome. Proper assessments of the effects of diverse nutrition protocols, the impact of sex, and different strategies for different age groups are required swiftly. Bringing athletics into the environment and various groups of people will better represent the real world. Combining scientific knowledge of nutrition, sleep, body rhythms, and psychological stress with healing could lead to more effective ways to boost recovery that truly benefit our whole body.29,30



Conclusion

In this review, we found that recovery after working out helps athletes and casual exercisers get better results and maintain their health. Nutrition plays a crucial role in regulating the various processes that occur during inflammation, repair, and remodeling. Even so, this field of science is often influenced by common myths, such as overemphasizing protein timing, avoiding carbohydrates, and relying on dietary supplements, which can divert people from what helps. According to this review, obtaining enough nutrients in a balanced manner throughout the day is more critical than trying to fit all meals into one specific time. Carbohydrates are beneficial for maintaining your body’s glycogen levels and keeping its hormones balanced. A better option than supplements is, without a doubt, whole foods, which support the body’s recovery in a more balanced way. Tart cherries and curcumin appear to offer benefits, but scientists need to examine them more closely. Simultaneously, research today still faces challenges, such as examining specific populations and employing diverse research methods. It is essential to focus on individual nutrition based on metabolomic and microbiome findings and test it in many practical situations. The principles of recovery nutrition should shift from rigid regulations to guidelines that align with evidence and individual needs. When nutrition is customized to an individual’s training and specific needs, it can enhance recovery, prevent injuries, and help sustain long-term fitness.
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