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Introduction: There has been an abundance of dietary analysis research conducted on adult male soccer players, while studies on youth players are lacking. Furthermore, the daily distribution of energy and macronutrient intake throughout the day has been reported to influence training adaptations, but this is often not considered in the literature. This study aims to quantify daily energy and macronutrient intake and assess their distribution over 5 days, and compare daily energy intakes and predicted daily energy expenditure in under-16 male soccer players.

Methods: The sample included 25 soccer participants aged 14.8–15.7 years. Five-day self-reported food diaries were used to record the food/drink consumption. Intake was analyzed for total daily energy, macronutrient intakes, and distribution among meals (breakfast, lunch, dinner, and snacks). Daily energy expenditure was predicted by resting energy expenditure and physical activity levels developed for youth sports participants.

Results: The mean total energy intake was 1,928 ± 388 kcal∙day−1, whereas the estimated daily energy expenditure was 3,568 kcal∙day−1. Relative daily protein intakes were lower at breakfast, morning snack, afternoon snack, and night snack compared to lunch and dinner.

Discussion: Youth soccer players do not appear to meet energy requirements and daily CHO guidelines. Fluctuations in protein intake throughout the day were noted and may influence training adaptations (i.e., muscle protein synthesis and recovery).
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1. Introduction

Soccer academies place significant demands on young players in order to facilitate their holistic development (1, 2). Analyses of external loads over the course of one season in the English Premier League (EPL) soccer academy found that adolescent players covered approximately 26.0 km p∙wk.−1, and the mean high-speed running distance was 657 and 749 m for under-15 and under-16 players, respectively (3). Indeed, the seasonal load indicators obtained in young soccer players were comparable to those reported in six elite adult players (4), particularly in the under-16 and under-18 age groups (3). Additionally, the reported total energy expenditure measured by accelerometry in under-16 players averaged 2,551 kcal∙day−1 (5), meaning that to support training and match loads, attention needs to be given to the nutritional recommendations in youth players, namely, energy intake, and the quantity, type, timing, and distribution of macronutrients. Previous studies in youth players have focused on total daily energy and macronutrient intakes (5–8), with findings indicating that recommended protein intakes were generally met, but energy and carbohydrate (CHO) requirements were not.

Studies focusing on daily energy intake in youth soccer players reported varied results. The mean energy intake using a 24-h dietary recall during four non-consecutive days in Dutch players was 2,938 kcal∙day−1 (9). The intake of Spanish players was assessed by 3-day food diaries, and higher values were obtained in three competitive age groups (14-year-olds: 3,456 kcal∙day−1; 15-year-olds: 3,148 kcal∙day−1; 16-year-olds: 3,478 kcal∙day−1) (6) compared to the Dutch sample. Daily energy intake was approximately 800 kcal∙day−1 lower than the predicted daily energy expenditure in Italian youth players (10). In addition, the mean daily energy intake estimated from self-reported food diaries in EPL academies in under-15 and under-16 players was 1,927 kcal∙day−1 (8), which may also indicate an insufficient intake in youth soccer participants. The consequences of negative energy balance (energy intake < energy expenditure) are associated with health problems (i.e., compromised bone health, reproductive function immunity, sub-optimal protein synthesis, increased risk of injury, and development of eating disorders) (11, 12).

The importance of CHO to fuel soccer training and competition and to promote glycogen replenishment is well documented (13). Moreover, the daily distribution of protein intake is essential to optimize the skeletal muscle adaptive response and enhance recovery (14–16), and consequently, an intake of 0.40–0.55 g∙kg−1∙meal−1 over at least four meals is recommended (17). Of note, pre-sleep protein intake potentiated changes in strength and body composition (18, 19) and improved hunger and appetite sensations (20). The distribution of energy intake throughout the day was related to total energy intake, with a higher energy intake in the morning being associated with a lower total energy intake (21). Studies on macronutrient distribution have focused on CHO periodization strategies according to training and match loads in adult male players (4, 13, 22). In youth players, a skewed distribution of protein intake was noted, which may be sub-optimal for training adaptations and recovery (8). However, this study combined intermediate meals and did not analyze variations in macronutrient intake across morning, afternoon, and evening snacks. In addition, information on daily energy intake and dietary patterns in Portuguese soccer academies is scarce.

Given the high physical demands placed on young soccer players, the purposes of this study were: (1) quantify total energy and macronutrient intakes; (2) compare total energy intakes with predicted energy expenditure and (3) examine the daily distribution of energy and macronutrient intakes. It was hypothesized that soccer players would not meet recommendations for energy and CHO intake, and that the distribution of protein would be skewed throughout the day.



2. Materials and methods


2.1. Ethical approval and procedures

The current study was approved by the Ethics Committee of the Instituto Politécnico de Coimbra (N.°56_CEIPC/2022) and followed the recommendations of the Declaration of Helsinki for research involving human subjects, prepared by the World Medical Association. Parents or legal guardians were informed about the nature, aims, and risks of the study and subsequently gave written informed consent. Soccer players were made aware that participation was voluntary and that they could withdraw from the study at any time.



2.2. Participants

Adolescent male soccer players (n = 25), aged 14.8–15.7 years, who were registered with a competitive club affiliated with the Portuguese Soccer Federation took part in this study. Participants completed four soccer training sessions per week and three strength and conditioning sessions per week under the supervision of a fitness coach. The average duration of the soccer and gym sessions was 90 and 45 min, respectively. Chronological age was calculated as the difference between the date of birth and the date of anthropometric assessment.



2.3. Anthropometry

Height, body mass, and skinfolds were measured by an experienced observer. Two skinfolds (triceps and calf) were measured to estimate the percentage of fat mass based on the following equation (23):
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2.4. Dietary intake

Participants recorded each food item consumed for five consecutive days (four training days and one match day) during the season (November 2021) using a training diary. In athletes, 3–7 days are necessary to obtain accurate and precise estimates of habitual food intake (24–26). During this period, no nutritional intervention was implemented by the club in order not to influence food choices. A dietitian explained the instructions for completing the food diary. Supplements are usually consumed before, during, or post-training and may not be considered food by athletes (25); this point was previously explained to athletes and supplements should be included in the food diary. Time of consumption was used to categorize six meals: breakfast (meal consumed between 7:00–9:30 a.m.), morning snack (meal consumed between breakfast and lunch), lunch (meal consumed between 12:00–2:00 p.m.), afternoon snack (meal consumed between lunch and dinner), dinner (meal consumed after 9:30 p.m.), night snack (meal consumed between 11:30 p.m.–12:30 a.m.). Details of brand names, cooking and preparation methods, time of the meal, and the number of items ingested were obtained. In addition, players quantified the quantity of foods and fluids consumed by providing weight or volume details specific to the food package or using standardized household measures. The dietitian checked missing data and resolved problematic cases through individual interviews. Food diary records were analyzed using Nutritics software (version 3.74 professional edition, Nutritics Ltd., Co. Dublin, Ireland) by a single and expert observer to reduce variation in data interpretation (27). The main outputs extracted were overall total absolute, and relative to body mass, intakes of energy (kcal), CHO, protein, and fats and also considering the variation by meal.



2.5. Predicted total energy expenditure

Total energy expenditure was based on the Schofield-HW equation for estimating resting energy expenditure (28), which has been validated for male children and adolescents (29). Subsequently, the average physical activity level of 2.03 reported in male adolescent athletes was used to estimate total energy expenditure (30).



2.6. Statistical analysis

Descriptive statistics were calculated, and the normality of the distribution was checked using the Shapiro–Wilk test. Repeated measures of analysis of variance (ANOVA) with one factor tested the differences in energy and macronutrient intakes between meals. A limited number of players who consumed the night snack were therefore not considered in the analysis. The size of the effect was interpreted as follows (31): eta squared < 0.1 (trivial), 0.1 ≤ eta squared < 0.3 (small), 0.3 ≤ eta squared < 0.5 (moderate), 0.5 ≤ eta squared <0.7 (large), 0.7 ≤ eta squared <0.9 (very large), 0.9 ≤ eta squared (nearly perfect). Post-hoc comparisons with Bonferroni adjustment were used to identify differences between specific meals. Analyses were completed using SPSS for Windows (SPSS Inc., IBM Company, N.Y., United States) and GraphPad Prism (version 5.00 for Windows, GraphPad Software, San Diego California United States). Statistical significance was set at 0.05.




3. Results

Descriptive statistics for age, height, body mass, fat mass percentage, energy expenditure, and energy and macronutrient intake are summarized in Table 1. The mean estimated energy intake was, on average, 1,929 kcal∙day−1 while the predicted total energy expenditure was 3,568 kcal∙day−1. The adolescent soccer players ingested 4.0 g∙kg−1, 1.9 g∙kg−1, and 0.9 g∙kg−1 of CHO, proteins, and lipids, respectively. Table 2 shows the meal frequency for each day. The late snack is often not consumed by most players. Repeated measures ANOVA showed a significant difference in the distribution across meals for energy, protein, and fat intakes when expressed as absolute (Figure 1) or relative values (Figure 2). Energy intake was significantly lower at breakfast (286 kcal∙day−1) in comparison to lunch (491 kcal∙day−1), afternoon snack (434 kcal∙day−1), and dinner (474 kcal∙day−1). The average energy intake for the morning snack was 256 kcal∙day−1 and significant differences were noted with lunch, afternoon snack, and dinner.



TABLE 1 Characteristics, dietary intake and energy expenditure for the sample of male soccer players.
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TABLE 2 Frequency of meal intake per day.
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FIGURE 1
 Daily distribution of relative (A) energy, (B) CHO, (C) protein, and (D) fat.
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FIGURE 2
 Daily distribution of absolute (A) energy, (B) CHO, (C) protein, and (D) fat.


Comparable results were found for relative energy intake. The distribution of CHO across meals was not significant whether expressed as absolute (F = 2.381, p = 0.057) or relative (F = 2.330, p = 0.109). Absolute and relative CHO intakes were significantly lower at breakfast (absolute: 41.2 g; relative: 0.68 g∙kg−1) than at the afternoon snack (absolute: 64.8 g; relative: 1.06 g∙kg−1). Absolute protein intakes were significantly lower at breakfast (12.6 g), morning snack (9.1 g), and afternoon snack (19.0 g) than at lunch (38.6 g) and dinner (34.2 g). Very large differences were found for relative protein intake across meals (F = 82.176; p < 0.001; ES-r = 0.880). For absolute (F = 18.014; p < 0.001; ES-r = 0.654) and relative intake (F = 17.223; p < 0.001; ES-r = 0.647) fat distribution, large differences were found across meals.



4. Discussion

The objectives of the current study were to compare the total energy intake with the predicted energy expenditure, to describe the daily macronutrient intakes, and to quantify the daily distribution of CHO, protein, and fat in a cross-sectional sample of youth male soccer players. First, energy intake was substantially lower in comparison to predicted energy expenditure; second, male soccer players did not meet recommendations for relative CHO intake; and finally, total energy intake and macronutrients presented an unbalanced distribution throughout the day. Given the demands of training and competition, the main findings of the present study have implications for soccer training adaptations, body composition, and pre-and post-training fueling.

Predicted daily energy expenditure based on the Schofield-HW equation to estimate resting energy expenditure and physical activity level of 2.03 reported in 23 youth athletes (30) was, on average, 3,568 kcal∙day−1. Lower values of daily energy expenditure using accelerometers (i.e., 2,550 kcal∙day−1) were found in 10 adolescent male soccer players (5), while energy expenditure derived from hours of soccer activity, body mass and thermic effects of macronutrients in 10 players was 3,618 kcal∙day−1 (7). More recently, mean energy expenditure measured by the doubly labeled water method over 14 days was 3,586, 3,029, and 2,589 kcal∙day−1 in under-18, under-15, and under-13 soccer players, respectively (32). Taking into account the differences between methods of estimating energy expenditure, a negative energy balance was consistent across studies with youth soccer players. A mean daily energy intake of 2,243 kcal∙day−1 using food diaries and 24-h recall methods was noted in the Premier League Soccer Academy, which corresponds to a mean daily energy deficit of −307 kcal∙day−1 (5). Another study that included players from the Premier League Soccer Academy also reported lower values of energy intake (under-12 and under-13: 2,659 kcal∙day−1; under-15: 2,821 kcal∙day−1; under-18: 3,180 kcal∙day−1) estimated by the remote food photography method compared to daily energy expenditure (under-12 and under-13: 2,859 kcal∙day−1; under-15: 3,029 kcal∙day−1; under-18: 3,586 kcal∙day−1) (32). A negative energy balance of 890 kcal∙day−1 was also found in 75 adolescent soccer players from junior teams of the Italian First Division Soccer League (10). The daily energy intake in the present study (i.e., 1,929 kcal∙day−1) was substantially lower than in the previous studies, which explains the highest energy deficit (i.e., −1,729 kcal∙day−1) found in the current sample. Nevertheless, a negative energy balance is related to the concept of low energy availability, which in turn has an impact on performance, bone health, reproductive function, immunity, protein synthesis, cardiovascular and mental health, increased risk of injury, and development of eating disorders (11, 33).

Low energy intake is partially associated with CHO intake in youth soccer players. CHO recommendations for young players to meet daily energy requirements are in the range of 6–8 g∙kg−1∙day−1 (32). In Spanish players under 17 years of age, a CHO intake of 5.39 g∙kg−1∙day−1 was reported (6), and 4.7 g∙kg−1∙day−1 of CHO intake was noted in under-15 and under-16 participants (8). The CHO intake in the present sample (i.e., 4.0 g∙kg−1∙day−1) was significantly lower than the recently proposed recommendations for youth soccer players (32). Taken together, these data suggest that youth soccer players do not meet current daily recommendations, which may negatively affect the demands imposed by training and match loads. In terms of protein guidelines, the protein requirements of adolescent soccer players based on the nitrogen balance method were 1.4–1.6 g∙kg−1∙day−1 (34, 35). These values are comparable to those recommended for adult participants (15, 17). The average relative daily protein intake in the present study was 1.9 g∙kg−1∙day−1, which was compared with previous data from Spanish (6), Italian (10), and English (8) soccer players. Soccer players tend to follow the requirements for daily protein consumption more than those for CHO. Consequently, in order to increase energy intake and achieve daily energy balance, Portuguese soccer academies should emphasize the relevance of CHO guidelines (type, timing, and quantity) for training and competition (36–38).

Recommendations for CHO intake 3–4 h before soccer training varied from 1 to 3 g∙kg−1 to ensure pre-exercise fueling. In addition, soccer players should achieve 1 g∙kg−1 of CHO per hour for 4 h in post-exercise (13). In the present sample, a normal distribution of CHO across meals was evident, and considering that players trained at 8:00 p.m. (between afternoon and dinner), the previous guidelines were not met, as shown in Figure 2. The mean CHO intakes of the meals before and after soccer training were 1.1 g∙kg−1 (afternoon snack) and 0.8 g∙kg−1 (dinner), respectively. Curiously enough, few players consumed the late snack, which is likely to have had a negative effect on the recovery process, especially considering the low CHO intake post-training. It must be noted that the guidelines were developed for adult soccer players and their application is limited for youth players. Lower levels of relative CHO intake were found at the breakfast (0.8 g∙kg−1). In seven EPL Academy soccer players (39), a 4.7% improvement in mean dribbling speed test was found when the players consumed an increased energy breakfast (497 kcal, 77 g CHO, 14 g protein, and 12 g fat) compared to a normal energy breakfast (268 kcal, 39 g CHO,10 g protein, and 8 g fat). In light of the above, a considerable amount of CHO should be consumed around training and breakfast.

The distribution of daily protein intake appears to play a crucial role in the modulation of muscle protein synthesis rather than the total daily protein intake (14, 40). In resistance-trained participants, the effect of doses of protein was examined under three different conditions 12 h post-exercise: eight servings of 10 g every 1.5 h; four servings of 20 g every 3 h; two servings of 40 g every 6 h. The highest rates of muscle protein synthesis were noted in athletes who consumed four servings of 20 g every 3 h (14). Similar results were found in 26 young active participants (40). Whole-body protein synthesis was higher with multiple doses of protein compared to a single dose (40). Recommendations for protein intake per meal/snack to optimize protein synthesis range from 0.22 to 0.33 g∙kg−1 every 3–4 h (18, 40). In the present sample of young male soccer players, the daily protein intake had a skewed distribution, which is consistent with recent data from EPL soccer players (8) and adult Dutch soccer players (41). Given these results, adjustments to daily protein intakes need to be considered, particularly at the night snack, breakfast, and morning snack. In addition, the mean protein intake at lunch and dinner was 0.6 g g∙kg−1 which may indicate that elevated amounts are being consumed. Of note, the frequency of night snacks was reduced over the 5 days. In fact, it has been shown that the ingestion of 40 g of casein protein 30 min immediately before bedtime increases amino acid availability, which in turn impacts muscle protein synthesis (42). The effects of CHO, slow (i.e., casein), and fast (i.e., whey) proteins on appetite and resting energy expenditure were studied in 11 active adult males. Although non-significant differences were found, satiety was greater in the protein groups compared to the CHO or placebo trials (43). The ingestion of a protein snack before bedtime should be encouraged in youth soccer players.

The present study has limitations that should be acknowledged. First, food diaries tend to under-report up to 20% of the total energy intake (44). Second, most of the macronutrient recommendations presented in this paper were based on adult soccer players (38). Nevertheless, guidelines for youth players are scarce. Total energy expenditure was predicted by equations so future studies need to quantify the energy expenditure using the doubly labeled water method in addition to training and match load. Finally, the sample is limited to a single Portuguese youth soccer team, therefore the generalizability of these results should be made with caution.

In conclusion, Portuguese adolescent soccer players did not meet the CHO recommendations. Daily protein intakes were, on average, met but the distribution of protein over the day had a significant fluctuation. Lower values of protein intake were reported during the night snack, breakfast, and morning snack, which has a negative impact on muscle protein synthesis. The low energy intake was associated with an average daily energy deficit, which is associated with health problems. Given the high demands of soccer training and matches, players should optimize their daily energy intake and follow the recommendations for CHO and protein intakes in terms of type, timing, and quantity.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

The studies involving human participants were reviewed and approved by Instituto Politécnico de Coimbra. Written informed consent to participate in this study was provided by the participants’ legal guardian/next of kin.



Author contributions

DVM, RN, AFa, and HS conceptualized and wrote the manuscript. DVM, CL, and JL collect and organized the data. DVM, AR, AFi, and ERG planned and performed the statistical analyses and figures. RN and AFi revised of the manuscript. All authors contributed to the article and approved the submitted version.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

 1. Premier league. Elite player performance plan. English Premier League. (2011). 117 p.

 2. Coutinho, D, Gonçalves, B, Figueira, B, Abade, E, Marcelino, R, and Sampaio, J. Typical weekly workload of under 15, under 17, and under 19 elite Portuguese football players. J Sports Sci. (2015) 33:1229–37. doi: 10.1080/02640414.2015.1022575 

 3. Hannon, MP, Coleman, NM, Parker, LJF, McKeown, J, Unnithan, VB, Close, GL , et al. Seasonal training and match load and micro-cycle periodization in male premier league academy soccer players. J Sports Sci. (2021) 39:1838–49. doi: 10.1080/02640414.2021.1899610 

 4. Anderson, L, Orme, P, Di Michele, R, Close, GL, Morgans, R, Drust, B , et al. Quantification of training load during one-, two- and three-game week schedules in professional soccer players from the English premier league: implications for carbohydrate periodisation. J Sports Sci. (2016) 34:1250–9. doi: 10.1080/02640414.2015.1106574 

 5. Briggs, MA, Rumbold, PL, Cockburn, E, Russell, M, and Stevenson, EJ. Agreement between two methods of dietary data collection in male adolescent academy-level soccer players. Nutrients. (2015) 7:5948–60. doi: 10.3390/nu7075262 

 6. Ruiz, F, Irazusta, A, Gil, S, Irazusta, J, Casis, L, and Gil, J. Nutritional intake in soccer players of different ages. J Sports Sci. (2005) 23:235–42. doi: 10.1080/02640410410001730160 

 7. Russell, M, and Pennock, A. Dietary analysis of young professional soccer players for 1 week during the competitive season. J Strength Cond Res. (2011) 25:1816–23. doi: 10.1519/JSC.0b013e3181e7fbdd 

 8. Naughton, RJ, Drust, B, O'Boyle, A, Morgans, R, Abayomi, J, Davies, IG , et al. Daily distribution of carbohydrate, protein and fat intake in elite youth academy soccer players over a 7-day training period. Int J Sport Nutr Exerc Metab. (2016) 26:473–80. doi: 10.1123/ijsnem.2015-0340 

 9. Bettonviel, AEO, Brinkmans, NYJ, Russcher, K, Wardenaar, FC, and Witard, OC. Nutritional status and daytime pattern of protein intake on match, post-match, rest and training days in senior professional and youth elite soccer players. Int J Sport Nutr Exerc Metab. (2016) 26:285–93. doi: 10.1123/ijsnem.2015-0218 

 10. Caccialanza, R, Cameletti, B, and Cavallaro, G. Nutritional intake of young Italian high-level soccer players: under-reporting is the essential outcome. J Sports Sci Med. (2007) 6:538–42.

 11. Thompson, JL. Energy balance in young athletes. Int J Sport Nutr. (1998) 8:160–74. doi: 10.1123/ijsn.8.2.160

 12. Logue, DM, Madigan, SM, Melin, A, Delahunt, E, Heinen, M, Donnell, SJM , et al. Low energy availability in athletes 2020: an updated narrative review of prevalence, risk, within-day energy balance, knowledge, and impact on sports performance. Nutrients. (2020) 12:835. doi: 10.3390/nu12030835 

 13. Collins, J, Maughan, RJ, Gleeson, M, Bilsborough, J, Jeukendrup, A, Morton, J , et al. UEFA expert group statement on nutrition in elite football. current evidence to inform practical recommendations and guide future research. Br J Sports Med. (2021) 55:416. doi: 10.1136/bjsports-2019-101961 

 14. Areta, JL, Burke, LM, Ross, ML, Camera, DM, West, DWD, Broad, EM , et al. Timing and distribution of protein ingestion during prolonged recovery from resistance exercise alters myofibrillar protein synthesis. J Physiol. (2013) 591:2319–31. doi: 10.1113/jphysiol.2012.244897 

 15. Phillips, SM. A brief review of critical processes in exercise-induced muscular hypertrophy. Sports Med. (2014) 44:S71–7. doi: 10.1007/s40279-014-0152-3 

 16. Gillen, JB, Trommelen, J, Wardenaar, FC, Brinkmans, NYJ, Versteegen, JJ, Jonvik, KL , et al. Dietary protein intake and distribution patterns of well-trained Dutch athletes. Int J Sport Nutr Exerc Metab. (2017) 27:105–14. doi: 10.1123/ijsnem.2016-0154 

 17. Schoenfeld, BJ, and Aragon, AA. How much protein can the body use in a single meal for muscle-building? Implications for daily protein distribution. J Int Soc Sports Nutr. (2018) 15:10. doi: 10.1186/s12970-018-0215-1 

 18. Snijders, T, Res, PT, Smeets, JS, van Vliet, S, van Kraneburg, J, Maase, K , et al. Protein ingestion before sleep increases muscle mass and strength gains during prolonged resistance-type exercise training in healthy young men. J Nutr. (2015) 145:1178–84. doi: 10.3945/jn.114.208371 

 19. Antonio, J, Ellerbroek, A, Peacock, C, and Silver, T. Casein protein supplementation in trained men and women: morning versus evening. Int J Exerc Sci. (2017) 10:479–86.

 20. Ormsbee, MJ, Saracino, PG, Morrissey, MC, Donaldson, J, Rentería, LI, and McKune, AJ. Pre-sleep protein supplementation after an acute bout of evening resistance exercise does not improve next day performance or recovery in resistance trained men. J Int Soc Sports Nutr. (2022) 19:164–78. doi: 10.1080/15502783.2022.2036451

 21. de Castro, JM. When, how much and what foods are eaten are related to total daily food intake. Br J Nutr. (2009) 102:1228–37. doi: 10.1017/S0007114509371640 

 22. Anderson, L, Orme, P, Naughton, RJ, Close, GL, Milsom, J, Rydings, D , et al. Energy intake and expenditure of professional soccer players of the English premier league: evidence of carbohydrate periodization. Int J Sport Nutr Exerc Metab. (2017) 27:228–38. doi: 10.1123/ijsnem.2016-0259 

 23. Slaughter, MH, Lohman, TG, Boileau, RA, Horswill, CA, Stillman, RJ, Van Loan, MD , et al. Skinfolds equations for estimation of body fatness in children and youth. Hum Biol. (1988) 60:709–23.

 24. Driskell, JA, and Wolinsky, I. Nutritional assessment of athletes. Florida: CRC Press (2002).

 25. Magkos, F, and Yannakoulia, M. Methodology of dietary assessment in athletes: concepts and pitfalls. Curr Opin Clin Nutr Metab Care. (2003) 6:539–49. doi: 10.1097/00075197-200309000-00007 

 26. Lillegaard, IT, and Andersen, LF. Validation of a pre-coded food diary with energy expenditure, comparison of under-reporters v. acceptable reporters. Br J Nutr. (2005) 94:998–1003. doi: 10.1079/BJN20051587

 27. Deakin, V. Clinical sports nutrition. 4th ed. Sydney, NSW: McGraw-Hill Medical (2000).

 28. Schofield, WN. Predicting basal metabolic rate, new standards and review of previous work. Hum Nutr Clin Nutr. (1985) 39:5–41.

 29. Rodriguez, NR, NM, DM, and Langley, S, American Dietetic Association; Dietitians of Canada; American College of Sports Medicine: Nutrition and Athletic Performance. Position of the American Dietetic Association, Dietitians of Canada, and the American College of Sports Medicine. Nutrition and athletic performance [published correction appears in J am diet Assoc. 2013 Dec;113(12):1759]. J Am Diet Assoc. (2013) 109:509–27. doi: 10.1016/j.jada.2009.01.005

 30. Carlsohn, A, Scharhag-Rosenberger, F, Cassel, M, Weber, J, de Guzman, A, and Mayer, F. Physical activity levels to estimate the energy requirement of adolescent athletes. Pediatr Exerc Sci. (2011) 23:261–9. doi: 10.1123/pes.23.2.261

 31. Hopkins, WG, Marshall, SW, Batterham, AM, and Hanin, J. Progressive statistics for studies in sports medicine and exercise science. Med Sci Sports Exerc. (2009) 41:3–12. doi: 10.1249/MSS.0b013e31818cb278

 32. Hannon, MP, Parker, LJF, Carney, DJ, McKeown, J, Speakman, JR, Hambly, C , et al. Energy requirements of male academy soccer players from the English premier league. Med Sci Sports Exerc. (2021) 53:200–10. doi: 10.1249/MSS.0000000000002443 

 33. Burke, LM, Close, GL, Lundy, B, Mooses, M, Morton, JP, and Tenforde, AS. Relative energy deficiency in sport in male athletes: a commentary on its presentation among selected groups of male athletes. Int J Sport Nutr Exerc Metab. (2018) 28:364–74. doi: 10.1123/ijsnem.2018-0182 

 34. Boisseau, N, Le Creff, C, Loyens, M, and Poortmans, JR. Protein intake and nitrogen balance in male non-active adolescents and soccer players. Eur J Appl Physiol. (2002) 88:288–93. doi: 10.1007/s00421-002-0726-x

 35. Boisseau, N, Vermorel, M, Rance, M, Duché, P, and Patureau-Mirand, P. Protein requirements in male adolescent soccer players. Eur J Appl Physiol. (2007) 100:27–33. doi: 10.1007/s00421-007-0400-4 

 36. Thomas, DT, Erdman, KA, and Burke, LM. American College of Sports Medicine joint position statement. Nutrition and athletic performance [published correction appears in med Sci sports Exerc. 2017;49(1):222]. Med Sci Sports Exerc. (2016) 48:543–68. doi: 10.1249/MSS.0000000000000852 

 37. Fleming, JA, Catháin, CÓ, Harper, LD, and Naughton, RJ. Dietary intake and daily distribution of carbohydrate, protein and fat in youth tennis players over a 7-day training and competition period. J Sports Sci Med. (2021) 20:413–20. doi: 10.52082/jssm.2021.413 

 38. Anderson, L, Drust, B, Close, GL, and Morton, JP. Physical loading in professional soccer players: implications for contemporary guidelines to encompass carbohydrate periodization. J Sports Sci. (2022) 40:1000–19. doi: 10.1080/02640414.2022.2044135 

 39. Briggs, MA, Harper, LD, McNamee, G, Cockburn, E, Rumbold, PLS, Stevenson, EJ , et al. The effects of an increased calorie breakfast consumed prior to simulated match-play in academy soccer players. Eur J Sport Sci. (2017) 17:858–66. doi: 10.1080/17461391.2017.1301560

 40. Volterman, KA, Moore, DR, Breithaupt, P, Grathwol, D, Offord, EA, Karagounis, LG , et al. Timing and pattern of postexercise protein ingestion affects whole-body protein balance in healthy children: a randomized trial. Appl Physiol Nutr Metab. (2017) 42:1142–8. doi: 10.1139/apnm-2017-0185 

 41. Brinkmans, NYJ, Iedema, N, Plasqui, G, Wouters, L, Saris, WHM, van Loon, LJC , et al. Energy expenditure and dietary intake in professional football players in the Dutch premier league: implications for nutritional counselling. J Sports Sci. (2019) 37:2759–67. doi: 10.1080/02640414.2019.1576256 

 42. Res, PT, Groen, B, Pennings, B, Beelen, M, Wallis, GA, Gijsen, AP , et al. Protein ingestion before sleep improves postexercise overnight recovery. Medicine and Science in Sports and Exercise. (2012) 44:1560–9. doi: 10.1249/MSS.0b013e31824cc363 

 43. Madzima, TA, Panton, LB, Fretti, SK, Kinsey, AW, and Ormsbee, MJ. Night-time consumption of protein or carbohydrate results in increased morning resting energy expenditure in active college-aged men. British J Nut. (2014) 111:71–7. doi: 10.1017/S000711451300192X 

 44. Burke, LM, Cox, GR, Culmmings, NK, and Desbrow, B. Guidelines for daily carbohydrate intake: do athletes achieve them? Sports Med. (2001) 31:267–99. doi: 10.2165/00007256-200131040-00003

OPS/images/fnut-10-1134845-t002.jpg
Frequency of meals consumed (n)

TD3 TD4 MD

Breakfast 25 25 25 25 25
Morning snack 2 2 18 19 19
Lunch 25 u 2 25 u
Afternoon snack | 23 25 25 2 25
Dinner u 2 u 2 3
Night snack 2 2 2 4 0

ID (training day); MD (match day). 11=25.





OPS/images/fnut-10-1134845-g002.jpg
T O — S50 ANDVA repeated mesmsures
F=22180,p<00n ¥ =238 p=0.057
900 EST-0692 Fsor - 0300
3004
s00 E :
e = P 250
£ w004 3
z 5 20|
2 soo g
E 3 150
004 ] .
300 100
2004 3
1004
Loy g R pre—— Y Ry T g pr—————y
sk e sk s i
c D
0 ANOVA repeated measures B awovA repeted measures
¥ =87705; = 0101 F = 160140001
o EST-vss o Esr-vest
a0-| D 60| é
501
: :
104
a0
20 .
10
. s =
RTINS R e prv—— e, 1 Wrioe T T 1 st 1 Oonss 1 g
ik s ey i






OPS/images/fnut-10-1134845-t001.jpg
Variable Descriptive statistics Normality

Mean (95% ClI) Standard deviation = Shapiro—-Wilk

Chronological age years (148:157) 153 (15210 15.5) 03 0910 0.030
Height am (156.05183.0) 1711 (1684 10173.8) 65 0950 0.251
Body mass kg (46.7;81.4) 62.0(59.010 65.0) 72 0970 0610
Fat mass % (8.2:28.1) 161 (13610 18.5) 59 0.194 0.016
Energy expenditure Kealeday ! (3,027:4,232) 3,568 (3,565 10 3,672) 251 0971 0.683
Absolute energy intake Kealeday ! (1,312:2,842) 1929 (1768 to 2088) 388 0.968 0.583
Relative energy intake Kealkg™ (20:47) 32(291035) 7 0962 0.460
Total carbohydrates g (149:349) 245 (22010 270) 61 0939 0.142
Relative carbohydrates ghg! (24;62) 40(39t04.4) 10 0959 0393
Total protein g (79:157) 114(105 10 122) 2 0.966 0547
Relative protein ghg™! 0:9:2.7) 19(1.71020) 04 0985 0.963
Total fat 1 (33,102) 55 (4910 61) 15 0912 0.034

Relative fat gkg ©06:1.7) 0.9(0.8t01.0) 02 0902 0021





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Dietary intakes and daily distribution patterns of macronutrients in youth soccer players



		1. Introduction



		2. Materials and methods



		2.1. Ethical approval and procedures



		2.2. Participants



		2.3. Anthropometry



		2.4. Dietary intake



		2.5. Predicted total energy expenditure



		2.6. Statistical analysis









		3. Results



		4. Discussion



		Data availability statement



		Ethics statement



		Author contributions



		Conflict of interest



		Publisher’s note



		References



















OPS/images/fnut-10-1134845-e001.jpg
9%BF = 0.735 x (triceps +calf ) +1.0





OPS/images/fnut-10-1134845-g001.jpg
ANOVA repeated muasures ANOVA repeted measures
¥ =256 p = 0.001 ¥ =2330p=0109
16 EST -=0736 507 ksr-o29s
45
14
N 404
G o12q = s
T B o
< 0 2 50
g z
IS g 25
. 3 2o .
15+ E
e 4
104
1 I 054
O e T tormme T Tt T o T s OO e T v T T Tt T i
o s m otk
c D
167 ANOVA repeazed measures 067 ANOVA repeated measures
¥ =521761p <0001 ¥ = 17223 p <0001
o] Esee0880 ESr=0647
05 .
124 &
04 N N
104 =5 -
N . ¥
i =
s . : & a3
0.6+ El
02
04
01
024
o [ o
Breaa: ¥ Moz T tamch T avermom T Dimer 1 gl Breadest 1 vorung 1 lanch | aeron | Do 1 Nt
smack snack smack snack

e





OPS/images/cover.jpg
’ frontiers | Frontiers in Nutrition

Dietary intakes and daily distribu-
tion
patterns of macronutrients in
youth
soccer players












OPS/images/crossmark.jpg
(®) Check for updates







OPS/images/logo.jpg
’frontiers ‘ Frontiers in Nutrition






