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Abstract 

Glycogen is the primary form of carbohydrate storage in the human body and a key energy 

substrate during exercise. Its depletion contributes to fatigue and reduced exercise performance; 

therefore, effective post-exercise glycogen resynthesis is essential for recovery in athletes. 

Honey, due to its unique composition of glucose and fructose, may support the restoration of 

both muscle and liver glycogen stores while providing a more stable glycaemic response than 

pure glucose. Moreover, honey contains antioxidant and anti-inflammatory compounds that 

may reduce oxidative stress and support immune function after intense physical activity. 

Available studies indicate that honey demonstrates similar effectiveness to commercial 
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carbohydrate supplements such as glucose, sucrose, and maltodextrin in supporting glycogen 

replenishment and post-exercise recovery. Some evidence also suggests beneficial effects on 

delayed-onset muscle soreness (DOMS) and exercise performance. Despite promising findings, 

further studies are required to establish optimal dosing strategies and evaluate the long-term 

effects of honey supplementation in sports nutrition. 

Background: Muscle glycogen depletion during exercise impairs physical performance and 

accelerates fatigue. Effective glycogen resynthesis is therefore a crucial element of post-

exercise recovery. 

Aim: The aim of this study was to review the effects of honey consumption on muscle glycogen 

resynthesis and post-exercise recovery. 

Materials and methods: A review of the available literature concerning glycogen metabolism, 

recovery, and honey supplementation in physically active individuals was conducted. 

Summary: Honey may effectively support glycogen replenishment and recovery due to its 

carbohydrate composition and antioxidant properties. 

Conclusions: Honey appears to be a promising natural alternative to commercial sports 

supplements used during post-exercise recovery. 

 

Key words: honey; glycogen; recovery; sports nutrition; exercise; athletes 

 

 

 

 

 

1. Introduction 

One of the key factors determining the body’s capacity for physical exercise, particularly of 

moderate and high intensity, is the availability of muscle glycogen, which constitutes the 

primary form of carbohydrate storage in the human body [1, 2]. During physical activity, its 

stores become significantly depleted, which is directly associated with a decline in exercise 
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performance and the development of fatigue resulting from both reduced availability of energy 

substrates and impaired muscle contraction [2]. Therefore, the process of glycogen resynthesis 

during the post-exercise period constitutes a fundamental component of recovery strategies, 

while its rate and efficiency largely depend on carbohydrate availability and the timing of 

carbohydrate intake [3]. In recent years, increasing attention has been directed toward natural 

sources of carbohydrates, including honey, which may support the restoration of both muscle 

and liver glycogen, constituting an alternative to commercial peri-exercise supplements for 

athletes, primarily due to its specific composition and absorption characteristics [4, 5]. The aim 

of this article is to analyze the available literature regarding the effects of honey consumption 

on muscle glycogen resynthesis and post-exercise recovery processes. 

2. Glycogen - Structure, Storage, and Physiological Significance 

Glycogen constitutes the primary form of carbohydrate storage in humans and animals, playing 

a key role as an energy substrate during physical exercise [1, 6]. Structurally, it consists of α-

D-glucose residues linked by α(1→4) glycosidic bonds, with α(1→6) linkages occurring at 

branch points approximately every 8-12 residues [6]. This highly branched structure increases 

glycogen solubility and provides high accessibility of the so-called non-reducing ends to 

enzymes, primarily glycogen phosphorylase, responsible for its degradation [1, 6]. This enables 

rapid glycogen mobilization and the release of large amounts of glucose during conditions of 

increased energy demand, such as physical exercise [1, 6]. The largest glycogen stores are 

located in the liver and skeletal muscles, whereas smaller amounts are present in tissues such 

as the kidneys, heart, brain, adipose tissue, and erythrocytes [7]. Liver glycogen is primarily 

responsible for maintaining normal blood glucose concentrations between meals and during 

prolonged physical exercise, whereas muscle glycogen is utilized locally as an energy source 

for working muscles [1, 6]. The physiological significance of glycogen present in other tissues 

has not yet been fully elucidated [7]. 

As an energy substrate, glycogen plays a fundamental role in exercise metabolism, and its 

availability directly influences the body’s capacity for physical performance, particularly 

during moderate- and high-intensity exercise. During physical activity, glycogenolysis is 

intensified in order to ensure adequate ATP production for working muscles [1]. It should be 

emphasized that the rate of glycogen utilization largely depends on the nature of the performed 

exercise: during short-term, high-intensity activity, glycogen breakdown remains high and 
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relatively constant, whereas during prolonged exercise of moderate intensity, a high initial rate 

of glycogen depletion is observed, which gradually decreases as exercise duration increases [1]. 

As exercise continues, glycogen stores become progressively depleted, which is closely 

correlated with impaired exercise capacity and the onset of muscular fatigue [1, 2]. This is 

associated not only with reduced availability of energy substrates for ATP production, but also 

with disturbances in the processes responsible for muscle contraction [8]. One of the key 

mechanisms linking low glycogen availability with the development of fatigue involves 

disruptions in calcium homeostasis. It has been demonstrated that low glycogen levels may 

impair the release of calcium ions (Ca²⁺) from the sarcoplasmic reticulum, resulting in 

weakened activation of the muscle contractile apparatus and consequently preventing effective 

muscle contraction [2, 8]. Furthermore, low muscle glycogen levels are associated with a 

marked reduction in the capacity to generate maximal power, resulting in impaired muscular 

performance and increased cellular metabolic stress [1, 2]. The importance of glycogen is 

particularly evident during endurance exercise performed at an intensity corresponding to 60-

80% of VO₂max (maximal oxygen uptake), where its availability determines the ability to 

sustain exercise. For this reason, athletes often employ glycogen supercompensation strategies, 

commonly referred to as “carbohydrate loading,” in order to maximize muscle glycogen stores 

and thereby prolong the time required for their depletion [1]. 

In summary, glycogen plays a fundamental role in maintaining proper skeletal muscle function 

during physical exercise, and the depletion of its stores constitutes one of the major factors 

limiting the ability to continue physical activity. Therefore, effective glycogen resynthesis is of 

key importance for post-exercise recovery, as it enables the restoration of metabolic 

homeostasis and prepares the body for subsequent exercise. 

3. Muscle Glycogen Resynthesis During the Post-Exercise Period 

After physical exercise, glycogen replenishment is a key component of post-exercise recovery. 

The rate of its resynthesis is primarily determined by carbohydrate availability; therefore, 

adequate intake of carbohydrates following exercise is considered a fundamental element of 

athletes’ nutritional strategies [3, 9]. The process of muscle glycogen resynthesis after intense 

exercise is biphasic and consists of an early phase that is insulin-independent and a later phase 

that is insulin-dependent [10, 11]. 
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The first phase begins immediately after the end of exercise and lasts approximately 30-60 

minutes; during this time, there is an increased transport of glucose into muscle cells due to the 

translocation of GLUT4 transporters to the sarcolemma - the muscle cell membrane [10, 11]. 

This mechanism is a result of muscle contractions occurring during training [10]. During this 

period, the rate of glycogen resynthesis is highest, particularly when substantial depletion of 

energy stores has occurred beforehand and when the body receives an adequate amount of 

carbohydrates [10, 11]. 

In this context, it is worth noting that the timing of carbohydrate intake after exercise is of 

considerable importance, particularly in situations where the recovery period before the next 

bout of exercise is limited [3]. Of particular relevance is the time window lasting up to 2 hours, 

during which the body exhibits the greatest capacity to replenish glycogen stores from ingested 

carbohydrates [12, 13]. It has been shown that carbohydrate intake immediately after exercise 

enables a glycogen resynthesis rate of approximately 25 mmol/kg dw/h, whereas delaying 

intake by as little as 2 hours may reduce this rate by nearly 50%, which is associated with the 

gradual decline of the early phase of glycogen resynthesis characterized by rapid and insulin-

independent glucose uptake by muscle tissue [14]. In the later phase, typically occurring about 

one hour after exercise cessation, glycogen resynthesis slows down and becomes more 

dependent on insulin action [14]. This phase may last from several hours up to 24-48 hours in 

cases of significant physiological fatigue [10]. During this period, the efficiency of the process 

depends on the continuous availability of substrates; therefore, regular carbohydrate intake at 

short intervals is of considerable importance, as it helps maintain relatively stable blood glucose 

and insulin levels and supports the activation of GLUT4 transporters and glycogen synthase [3, 

14]. Analyses indicate that carbohydrate administration at least once per hour (or more 

frequently) induces a significantly higher rate of glycogen resynthesis compared with less 

frequent intake [3]. An intake of 1.2 g per kilogram of body mass per hour is considered optimal 

for maximizing this process [3]. 

4. The Role of Honey in Post-Exercise Recovery in Athletes 

Honey represents an interesting natural alternative to commercial peri-exercise carbohydrate 

supplements in athletes [4]. Its role in post-exercise recovery and glycogen replenishment is 

primarily based on its specific composition and absorption mechanisms [4, 5]. Honey is a 

carbohydrate-rich product, consisting of approximately 80% monosaccharides, namely glucose 

(30-35%) and fructose (approximately 35-40%), as well as about 19% water [4]. In much 
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smaller amounts, honey contains di- and trisaccharides, including sucrose, which account for 

approximately 5-10% of its composition. In addition to sugars, honey contains numerous 

bioactive compounds such as polyphenols and flavonoids with antioxidant properties, enzymes 

(e.g., catalase, invertase), as well as small amounts of vitamins (B6, niacin), minerals (calcium, 

magnesium, iron), and amino acids [4, 5, 15, 16]. Additionally, an important characteristic of 

honey is its variable glycemic index (GI), which can range from 32 to 85 depending on its 

botanical origin. In this context, honey types rich in slowly absorbed fructose, such as acacia 

honey, are particularly noteworthy; their low to moderate GI promotes a more stable release of 

glucose into the bloodstream and helps prevent sharp fluctuations in glycaemia [4]. 

Due to its specific composition, honey may play a significant role in post-exercise recovery; as 

a mixture of sugars, it effectively supports glycogen replenishment and provides energy in a 

more stable manner than glucose alone [4, 14].  Owing to the presence of glucose and fructose, 

which are metabolized via different pathways, post-exercise honey intake may enable optimal 

restoration of both muscle and liver glycogen stores. This is based on the fact that glucose is 

preferentially taken up by skeletal muscles, whereas fructose metabolism occurs primarily in 

the liver, thereby accelerating the replenishment of hepatic glycogen stores [14]. It is also worth 

mentioning the phenomenon known as the “fructose paradox.” Fructose alone is not particularly 

effective in restoring muscle glycogen, however, when combined with glucose (as in honey), it 

may enhance intestinal absorption of water and glucose. As a result, it supports faster post-

exercise recovery while also being better tolerated by the gastrointestinal system [17, 18, 19]. 

Additionally, glucose and fructose utilize different intestinal transporters (SGLT1 and GLUT5, 

respectively) which increases the total amount of carbohydrates that can be absorbed and 

utilized per unit of time by the body. This mechanism, by enhancing the availability of these 

macronutrients, may contribute to the acceleration of post-exercise recovery processes [4, 14]. 

Available data also suggest that post-exercise honey consumption, particularly when combined 

with whey protein, helps maintain elevated blood glucose and insulin concentrations for a 

longer period compared with sucrose, which may support anabolic processes and glycogen 

resynthesis [4]. In studies on post-resistance exercise recovery, a dose of 120g of powdered 

honey combined with 40g of whey protein was used, and it was observed that such a 

combination may not only support the restoration of energy stores but also influence muscle 

tissue repair and growth in athletes [12, 20]. Honey also exhibits a range of other health-

promoting properties that are highly valued among athletes, such as antioxidant and anti-

inflammatory potential [4, 21]. Regular honey consumption during periods of intense training 
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may reduce the inflammatory response by lowering pro-inflammatory cytokines such as IL-1β, 

IL-6, and TNF-α, as well as by reducing markers of oxidative stress, including malondialdehyde 

and reactive oxygen species [4, 22]. It has been shown that regular honey supplementation at a 

dose of approximately 20 g per day may positively affect the immune system by increasing T-

lymphocyte counts and reducing oxidative stress [20]. This not only supports post-exercise 

recovery but may also help alleviate immune disturbances induced by intense physical activity 

[21]. 

From the perspective of sports disciplines, honey has particular applications in endurance sports 

such as long-distance running and cycling. Its natural combination of glucose and fructose 

enables more efficient carbohydrate oxidation, allowing the maintenance of performance during 

prolonged exercise [13]. In team sports, honey consumption may help prevent hypoglycaemia 

and maintain concentration during gameplay. Beneficial effects have also been observed in 

resistance training and bodybuilding, where honey contributed to a reduction in delayed-onset 

muscle soreness (DOMS) and faster recovery of full muscle function after intense exercise [20]. 

Additionally, it has been suggested that honey consumption combined with physical activity, 

such as aerobic training or jumping exercises, may support bone health to a greater extent than 

exercise alone [13, 20]. 

Despite its numerous benefits, there are certain limitations and contraindications associated 

with honey consumption. In athletes with diabetes or insulin resistance, its high content of 

simple sugars may lead to rapid fluctuations in blood glucose levels; therefore, its intake should 

be appropriately controlled [12, 23]. Additionally, excessive honey consumption may cause 

gastrointestinal discomfort, such as bloating, diarrhoea, or abdominal cramps, while inadequate 

oral hygiene after consumption may promote the development of dental caries and enamel 

damage [12, 13, 23]. It should also be noted that allergic reactions may occur in individuals 

sensitive to plant pollen or bee-derived proteins. In therapeutic applications, the use of high-

quality honey free from contaminants such as pesticides or heavy metals is particularly 

important [24]. 

5. Impact of Honey Consumption on Muscle Glycogen Resynthesis - Analysis of the 

Literature  

In a systematic review conducted by Hills et al. (2019), the available scientific evidence 

regarding the effects of honey on physically active individuals was analysed. Nine articles 
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involving a total of 186 participants (125 men and 61 women) were included in the analysis. 

The studies covered various forms of physical activity, such as football, running, cycling, 

rowing, resistance training, and dance. The authors demonstrated that honey supplementation 

may have a beneficial effect on both physical performance and post-exercise recovery. The 

effects of honey were comparable to those of other carbohydrate sources, and additional 

attention was drawn to its potential to support the immune system and reduce inflammation [4]. 

Potential regenerative benefits of honey are also supported by more recent studies. Hemmati et 

al. (2024) evaluated the effects of honey consumption on recovery following exercise-induced 

muscle damage in resistance-trained women. The study involved 16 women who received either 

70 g of honey dissolved in 250 ml of water or a placebo (stevia in the same volume of water) 

90 minutes before exercise. In the honey-supplemented group, a significant reduction in 

delayed-onset muscle soreness (DOMS), improved performance in a muscular endurance test 

during the recovery period, and an increase in maximal strength were observed [25]. 

Benefits of honey consumption have also been observed under conditions of high temperature 

and humidity. Ahmad et al. (2015) investigated the effects of a honey-based beverage on 

recovery in 10 recreational runners performing exercise in heat stress conditions. The authors 

demonstrated that rehydration with a honey-containing drink was more effective than water 

alone. Honey intake helped maintain higher blood glucose concentrations and stimulated an 

insulin response, which translated into improved recovery and enhanced performance during 

subsequent exercise bouts. Consequently, the authors recommended honey-based beverages as 

a natural ergogenic aid for athletes training in hot and humid environments [26]. 

Comparing honey with other carbohydrate sources, studies indicate its high effectiveness 

relative to glucose, dextrose, sucrose, or maltodextrin [4]. The beneficial effects of honey are 

primarily associated with its ability to induce a strong insulin response, which is essential for 

efficient muscle glycogen resynthesis [4]. Additionally, it has been shown that honey exhibits 

similar efficacy to carbohydrate gels and isotonic beverages [27]. In the post-exercise phase, 

honey induces a comparable insulin response to maltodextrin, and after resistance exercise it 

produces a higher and more sustained increase in glycaemia than sucrose, which may support 

prolonged anabolic and recovery processes in the body [4]. 

Despite promising findings, the available literature on the effects of honey on post-exercise 

recovery has several limitations. Many studies involve small sample sizes, which reduces the 
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reliability of generalizations. In addition, different types of honey vary in composition and 

glycaemic index, and the lack of precise characterization makes it difficult to compare results 

across studies. The use of heterogeneous exercise protocols and a focus mainly on short-term 

outcomes further limit the ability to draw definitive conclusions. In some studies, differences 

in energy intake between groups may have additionally influenced the results. Consequently, 

the authors emphasize the need for further, more rigorous research in this area [4]. 

Table 1. Comparison of selected carbohydrate sources in post-exercise glycogen 

resynthesis [4, 10, 18, 19, 27]. 

Carbohydrate 

source 

Main sugars Glycaemic 

response 

Effect on 

glycogen 

resynthesis 

Additional 

effects 

Glucose Glucose High Rapid muscle 

glycogen 

restoration 

Stronf insulin 

response 

Fructose Fructose Moderate Better liver 

glycogen 

restoration 

Lower GI 

Glucose + 

Fructose 

Mixed Stable/High Enhanced total 

carbohydrate 

utilization 

Better intestinal 

absorption 

Maltodextrin Glucose 

polymers 

High Effective 

glycogen 

restoration 

Common in 

sports nutrition 
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Honey Glucose + 

Fructose + 

Polyphenols 

Variable Comparable to 

commercial 

supplements 

Antioxidant and 

anti-

inflammatory 

effects 

 

6. Conclusions 

 

Available data suggest that honey may effectively support post-exercise recovery, representing 

a promising natural alternative to commercial peri-exercise carbohydrate supplements. Due to 

the presence of both glucose and fructose, it enables efficient muscle glycogen replenishment 

while providing a more stable glycaemic response compared with pure glucose. Its 

effectiveness is comparable to that of maltodextrin or isotonic gels; however, honey 

additionally provides antioxidant and anti-inflammatory compounds. Despite these promising 

findings, a precise determination of its effects on glycogen resynthesis and exercise 

performance requires further research involving larger cohorts of athletes and standardization 

of the botanical types of honey used. 
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