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Background

Rugby Union (RU) and Rugby League (RL) are two 
codes of rugby which are played professionally 
by thousands of players in both the Northern 
and Southern hemispheres. Although the purists 
would argue that the sports are vastly different 
in rules, history and culture, the two codes share 
commonalities such as running, carrying and passing 
the ball, high-intensity tackling and collisions, 
and wrestling. The rugby codes are 
characterised by frequent bouts of high-intensity 
exercise (e.g., striding sprinting, tackling, wrestling 
and grappling) interspersed with periods of lower-
intensity activity including standing, walking, and 
jogging. In brief, players will cover ~68 m.min-1 
during RU (1) to 100 m.min-1 for RL  (2) in a match. 
Movement demands are lower than those reported 
for Australian football (129 m.min-1) and soccer (104 
m.min-1) (3), although the demands of rugby are
significantly increased through the high-impact
collisions frequently incurred throughout a
game.

Although game demands are similar between 
the two codes of rugby, the skills and fitness 
required during competition is different resulting 
in few players in the modern era successfully 
transitioning between codes. 

Players in a RL team can be largely divided into 
forwards and backs, with the forwards 
traditionally being the larger, heavier athletes 
and the backs being lighter, agile and faster. 
These classifications have changed somewhat with 
the merging demands of the modern game, i.e. 
forwards being involved in more wide running 
plays and backs being more involved in physical 
collisions. Many teams now have 3 major 
groups, these being the backs (centres, wingers 
and full backs), adjustables (stand off, scrum half 
and hooker) and forwards (props, second row 
and loose forward). The physical demands of RL 
were recently reported in a meta-analysis of 30 
studies (4). Significant differences were 
observed between positional groups with data 
demonstrating that, 
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Practical Implications 

Rugby union and rugby league are two different codes of rugby with major differences in the rules of 
game, however, the players share many common traits and require similar nutritional strategies.

Both codes of rugby require players to possess a high degree of lean muscle mass to withstand the 
high-speed physical collisions frequently experienced during game play and practice. 

There is no single ideal physique for rugby players with players demonstrating considerable variations 
both between and within the various playing positions. This means body composition must be optimised 
on an individual basis rather than striving to achieve a perceived generic ideal rugby player physique.

For the professional player, daily carbohydrate intake should be periodised in line with the differing 
demands of each day (i.e., a light training day versus a rest day versus a game day) to ensure players 
are fully fuelled for the demands of the game and to maintain an optimal body composition. We have 
typically seen between 3-6 g.kg-1 carbohydrate per day consumed dependent upon the demands of the 
day.

To support gains in muscle mass, recovery and repair from training and game-play, protein should be 
consumed regularly throughout the day with a minimum of 1.6 g.kg-1 consumed per day consumed as 4 
x 0.4 g.kg-1 doses.

Dietary supplements are often used in rugby to help achieve macronutrient targets and for in-game 
fuelling. Additionally, there are a range of dietary supplements which are purported to help enhance 
training and performance (i.e., creatine, beta alanine and caffeine) which are frequently used within elite 
rugby.
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compared with the adjustables and backs, forwards 
spent the least amount of time (minutes) on the field 
(− 17.2 ± 5.6 less than adjustables and − 25.6 ± 5.8 
min less than backs, respectively.) Additionally, 
forwards cover less total slow-speed (1348-m) and 
high-speed distance (139 m) compared to backs 
(2230-m and 229-m respectively). However, when 
distance was expressed relative to playing time, the 
forwards were not different to adjustables and 
backs in running demands. The adjustables and 
backs were similar in most variables, except playing 
time (shorter for adjustables, − 8.5 ± 6.2 min), slow-
speed distance (greater for adjustables, + 882 ± 
763 m) and total relative distance (greater for 
adjustables,+ 11.3 ± 5.2 m·min−1). Regarding 
frequency of efforts and collisions, forwards are 
involved in most relative repeated high-intensity 
efforts (RHIE)(0.08 per min) when compared to backs 
(0.05 per min), and total (12.8) and relative collisions 
(0.41 collisions per min) compared to backs (12.0 
total and 0.32 collision per min). Taken together, data 
shows that RL forwards are required to frequently 
gain metres by running the ball into contact and 
regain possession of the ball through high impact 
tackles, whereas backs are typically required to 
distribute the ball as quickly as possible and gain 
metres by running into open space and evading 
contacts.

In RU, players are still largely classified as backs 
(full back, wingers, centres, fly half and scrum 
half) and forwards (props, hooker, locks, and back 
row). Research has shown RU players to cover total 
distances between 4662 and 7227 m during game-
play with significant differences between the forward 
and backs. Backs were shown to cover greater total 
distances (6545 m) at higher average running speeds 
(71.1 m.min-1) than forwards (5850 m and 64.6 m.min-1, 
respectively). Additionally, backs covered most 
of the total distance walking (46.3%) and covered 
more relative distance sprinting (35.4%) compared 
to forwards (46.2% jogging). Professional RU players 
experience considerably different physical collision 
demands based on playing position. Front row and 
back row forwards competing in the Super Rugby 
competition (5) spent significantly greater amounts 
of time rucking and mauling (7% and 5%, respectively) 
compared to inside backs (1%) and outside backs 
(0.5%). This agrees with recent GPS studies that have 
reported forwards to be involved in a considerably 
higher number of heavy physical collisions (6,7). 

Anthropometric r equirements of 
the game

Given the physical demands of both codes of 
rugby, to be a successful player it is essential that 
players achieve high levels of muscle mass,  
power and strength to survive the contact 
activities (8). A typical pre-season period in 
rugby tends to be 6-12 weeks in duration and it 
is during this time that players have dedicated 
time to develop hypertrophy, strength and power 
(9). Many players during this pre-season phase 
attempt to improve their body composition (i.e., 
increased muscle mass, decrease fat mass) to 
commence the playing season in the best 
possible physical condition. The relative 
importance of physical, anthropometric and 
skill qualities to team selection has been 
investigated showing those players selected for 
elite competition are leaner, had faster 10 m and 
40 m sprint times, superior vertical jump 
performance and greater aerobic power than 
the non-selected players (10). It is therefore 
important that rugby players possess physical 
characteristics and a body composition (i.e. 
high lean mass with low fat mass) that can 
sustain both the cardiovascular fitness required 
to play 80 minutes and also cope with the 
repeated and frequent collisions which results in 
increases in both exercise and impact induced 
muscle damage (11,12). Figure 1 depicts the 
typical anthropometric characteristics of elite 
RL players based on their positional group (data 
taken from 14).

Despite the move towards a homogenous 
profile for all positions within RL, it is important 
to stress that there remains some variations 
within positional groups (13–16). For example, 
whilst the mean total mass of centres was 
reported to be 91 kg, the range was 79-103 kg 
whereas, with the prop forwards, whilst the 
mean total mass of 102 kg, the range was 89 kg – 
128 kg. These within position differences are also 
apparent with body fat with the prop forwards 
having a mean body fat of 16.3% with a range of 
10-23% (14). Taken together, an ideal body
composition profile does not exist for RL players,
despite many coaches and players striving to
achieve one, and therefore players should look
to optimise their own profiles specific to their
personal physiology rather than striving to
achieve some arbitrary ‘one size fits all’ figure.
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Although positional group differences have 
been reported in RL, similar studies in RU are not 
available in the literature. Instead, studies 
report players as either forwards or backs. 
The most recent data from professional RU 
players from the New Zealand Super Rugby 
Championship (16) shows forwards were 
significantly taller and heavier than backs, and 
possessed greater lean mass, fat mass, fat 
percentage, bone mass and skinfolds. 
Forwards demonstrated greater strength and 
absolute power measures than backs but were 
slower and possessed less aerobic fitness. Fat 
mass and fat percentage demonstrated  very 
large  correlations with speed and aerobic 
fitness measures within forwards (16).  Available 
data (https://www.englandrugby.com/england/
senior-men/squad) from this year’s England RU 
team, shows players in the prop position to be 
the heaviest (121 kg) and versus scrum half’s who 
are the lightest (83 kg). As expected, locks are the 
tallest (199 cm) and scrum halfs the smallest 
(176 cm) in stature unpublished DXA data 
available from one professional RU squad in the 
Northern Hemisphere show different body 
composition profiles between playing positions. 
As expected props are the heaviest with the 
greater fat mass, whereas the halfbacks are the 
lightest and with the least fat mass (Figure 2). 

An interesting observation shows how locks 
posses the greatest lean mass although not being 
as heavy as props.

Outside of the physical training, an area of 
real importance for rugby players of both 
codes is nutrition.

Nutrition plays a key role for the 
professional player and if implemented 
correctly, a well-planned and periodised 
nutrition strategy should enhance training 
adaptation, improve body composition, reduce 
injury risk, promote recovery and fuel winning 
performances. 

Carbohydrate requirements for 
rugby players

Given that the body’s storage capacity 
for carbohydrates (CHO) is limited (~500g), 
and that muscle glycogen (the body’s main store 
of CHO) is the main fuel source for moderate to 
high-intensity exercise, an adequate dietary 
intake of CHO has traditionally been the focus 
of the rugby players daily energy requirements. 
Although low CHO, high fat diets have made the 
headlines in recent years, a nutritional strategy of 
this nature is not viable for the professional 
rugby player. For example, muscle biopsy studies 
showing the effects of CHO on soccer 
performance (high-intensity team sport similar 
to rugby) (17) and more recently rugby 
performance (18) highlight the importance of 
CHO for high-intensity performance. Both studies 
display a clear reduction in muscle glycogen 
during game-play with rugby players 
experiencing a 40% reduction in muscle 
glycogen content before and after competition. 

Fuel for the work required

Traditional approaches of prescribing CHO 
requirements as a percentage of energy 
intake 
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Figure 1. Differences in body mass and body composition between professional rugby league players (14). 
Note that the evolution of the modern game results in players with a similar anthropometry between 

positions, and with all players having high muscle mass and low body fat and close to 6’0” tall.

BODY MASS, LEAN MASS AND FAT MASS ARE SHOWN AS KG
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is poorly correlated to the actual amount of 
CHO consumed and the fuel requirements of the 
athlete’s training and competition demands (19). 
Moreover, describing CHO as a percentage can 
be problematic, as a player may achieve a high 
percentage CHO diet, (for example 60% CHO 
intake) but this may not be enough CHO to 
meet sporting recommendations defined in 
grams per kg body mass if the total caloric intake is 
low. On top of this, it can be somewhat difficult 
to work out total daily CHO amounts as a 
percentage when all food labelling is described 
as absolute grams. Considering this, it is better to 
discuss CHO requirements in terms of the 
absolute CHO availability (i.e., amount of grams 
per kg body mass of the athlete) required to meet 
the energy demands associated with the training 
and competition (9)(20). 

The day before a rugby game (often termed 
game day minus 1 [GD-1]), players should be 
consuming ~6.g.kg-1 CHOs to adequately fuel for 
performance. On other days of the week, players 
tend to consume less CHOs; normally in the 
region of 3-6.g.kg-1 with the absolute amount 
dictated by the amount of training required on 
a given day (Figure 3). This approach of 
manipulating CHO based on the demands of the 
day has been termed “fuel for the work 
required”. Table 1 summarises the fuel for the 
work required with respect to CHO, and 
includes approximate amounts suggested for 
different days of a players week in relation to 
game day.

Type of carbohydrate

CHOs can be classified according to their 
glycaemic 

index (GI), which is a numerical scale from 
0-100 based upon the speed in which the food
raises blood glucose (0 being slow and 100 being
very high). A rugby player would be advised to
consume the majority of the CHO intake from
low to medium GI foods due to their numerous
metabolic and health benefits. Moreover, there
are suggestions that even on game day, low GI
foods may be advantageous to prevent rapid
spikes followed by a rapid crash in blood
glucose, (termed rebound hypoglycaemia).
However, because of the capacity of high GI
CHO foods to increase plasma glucose levels
(and thus promote muscle glucose uptake), high GI
foods would be particularly beneficial in the post-
exercise period, so as to maximise rates of muscle
and liver glycogen re-synthesis and thus
promote recovery (21), in addition to being a
good option to be consumed during exercise.
Figure 4 depicts typical CHO foods consumed by
rugby players and their corresponding GI and
Figure 5 represents a typical CHO intake on a
training day.

Carbohydrate loading for game-play

As rugby is a high-intensity intermittent sport, 
the primary fuel for game day performance is 
CHO, and so it is important to commence 
competition with high muscle glycogen stores. 
Whilst a traditional CHO load could take 48-72 
hours, more recent research has observed that 
sufficient CHO can be loaded in the muscle (as 
glycogen) with 1 day of a CHO rich diet when 
combined with reduced activity (22). This means 
that in the 24-36 hours preceding competition a 
significant increase in CHO intake to approximately 
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Figure 2. Differences in body mass and body composition between professional rugby union forwards and backs (16).

BODY MASS, LEAN MASS AND FAT MASS ARE SHOWN AS KG
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6 g.kg-1 body mass should be employed. In 
practical terms, for a 100 kg rugby player this 
would equate to 600g of CHO, which in food 
terms is 12 large jacket potatoes. Practical 
experience demonstrates that many athletes 
often do not fully appreciate the importance of 
adequately ‘fuelling up’ with CHO in the days 
prior to competition and are more concerned 
with the pre-competition meal per se. One 
reason is that players share concerns about 
feeling too full or not wanting to gain fat mass 
from overconsuming CHO. We have previously 
shown the risk of premature fatigue and 
glycogen depletion from players under-fuelling 
with CHO and so going into a match having 
consumed 3g.kg-1 rather than 6g.kg-1 in the 36 
hours prior to the game (18). In practical terms, 
this usually involves increasing the CHO intake 
throughout a day by the addition of fruit 
smoothies and CHO supplementation, as well as 
having a dessert after dinner, something often 

appreciated by the players! Figure 6 depicts 
an example GD-1 carbohydrate intake.

The pre-game meal 

The pre-game meal is normally the last main 
meal rugby players will consume prior to the 
start of the game. This meal provides an 
opportunity for further CHO to be consumed 
from both foods and liquids and can provide a 
small top up to the muscle but especially the liver 
stores of glycogen which is usually reduced 
after an overnight fast (23,24). Regardless of the 
timing of game-play, it is advised that the pre-
game meal be consumed 3-4 hours prior to kick 
off, to allow sufficient time for digestion and avoid 
gastrointestinal problems such as nausea and 
feelings of gut fullness. For example, for a 15:00 
kick off, the pre-game meal should be consumed 
between 11:00-12:00. For an 20:00 kick off, the pre-
game meal 
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Figure 3. Macronutrient intakes (Carbohydrate, protein and fats) of 14 elite rugby players over a six-day period. 
(Game day -5, -4, -3, -2, -1 and +1) from six-day food diary analysis. (A) = Forwards (B) = Backs. *Indicates a 

significant difference from GD-5.
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Table. 1 – Likely daily CHO requirements for rugby players during a typical week. HGI, high glycaemic index, LGI, low 
glycaemic index.

Situation CHO Requirements Comments

Light training day (skill-based field 
session or standard gym session)

<3 g.kg-1 LGI to MGI foods should mainly be 
consumed.

Moderate training day (90 
minutes on field intermittent 

exercise)

3-5 g.kg-1 LGI to MGI foods should mainly be 
consumed.

Hard training day (double 
session, both of which high-

intensity)

4-6 g.kg-1 LGI to MGI foods should mainly be 
consumed.

Day before game >6 
g.kg-1

Breakfast on game day 1-3 g.kg-1

Pre game meal 1-2 g.kg-1

During the game 30-60 g.h-1

Post-game meal 1.2g.kg-1 per hour for ~4 hours

Day after game 4-6 g.kg-1

A mixture of LGI and HGI to in-
crease muscle glycogen stores

LGI foods and drinks should be 
consumed 

LGI foods and drinks should be 
consumed approx. 3 hours pre-

game. This can be breakfast 
items for early kick offs.

HGI sports drinks (6% glucose 
are preferable) or gels 

consumed dur-ing the game or 
half-time break

HGI foods or drinks or both. 
Consider both fructose and glu-

cose-based foods and supple-
ments.

A mixture of LGI and HGI 
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should be consumed between 16:00-17:00. Figure 
7 depicts an example MD carbohydrate plan.

Many rugby players may be concerned about 
feeling too full before the start of a game, or 
experience nerves which can reduce their 
desire for a pre-game meal. Whilst it is 
important that the stomach is reasonably empty 
at the time of commencing exercise, ensuring 
that the digestion and absorption of the pre-game 
meal does not compete with the exercising 
muscles for blood supply, it is also a useful meal for 
final top ups to CHO stores.  Consumption of 
high fibre (e.g., fibrous vegetables) and high fat 
foods (even those associated with protein 
sources such as red meat and cheese) should 
be avoided since they slow down the rate of 
gastric emptying. The pre-game meal should 
be lower in energy intake but sufficient to 
provide adequate fuelling.

Carbohydrate during exercise

Following the 24-36 hour CHO loading 
strategy as well as that of the pre-game meal, 
the next step is to ensure adequate fuel 
availability during the game. It is well 
documented that consuming additional CHO 
during exercise can improve exercise 
performance (23) especially when the exercise 
is prolonged, such as an 80-minute rugby game.

The mechanisms underpinning enhanced  
performance with exogenous CHO provision 
may be due to a combination of factors 
including: the prevention of hypoglycaemia, the 
maintenance of high CHO oxidation rates, 
muscle glycogen sparing and effects on the 
central nervous system (for a review see (25). 
Regardless of the mechanisms behind the 
benefits of exogenous CHO provision during 
games, rugby players are advised to consume 
30-60g of CHO per hour and given there are 
no difference in exogenous CHO oxidation 
rates between liquid or sports gels (26), it is 
prudent to provide access to both of these 
CHO sources during exercise. Many players 
enjoy a combination of both liquids and gels 
and so practitioners should encourage 
players to practice strategies during training 
to identify their preferred intake to ensure 
30-60 g of CHOs is being consumed during 
match-play.

An example in-game fuelling strategy could be:

• Post-warm up = CHO gel
• During the first half = consume water 
or water with a CHO-electrolyte drink
• Half-time = CHO gel and/or some               
fruit or a smoothie or confectionary
• During the second half = consume a                            
CHO- electrolyte drink

Medium GI (56-69)
Carbohydrates which break down moderately during 
digestion, releasing blood sugar moderately into the 
bloodstream.

Low GI (0-55) Carbohydrates which break down slowly during digestion, releasing blood 
sugar gradually into the bloodstream.

High GI (70-100) Carbohydrates which break down quickly during digestion, releasing 
blood sugar rapidly into the bloodstream.
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Figure 4. Glycaemic index of popular foods consumed in the rugby environment.
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BREAKFAST

FO
O

D

SNACK

LUNCH DINNER

TRAINING

Figure 5.  An example meal plan for a typical light to moderate training day to achieve 3g.kg-1 
carbohydrate for a 100 kg rugby player. 

BREAKFAST

FO
O

D

SNACK LUNCH TRAINING DINNER PRE-BED

Figure 6.  An example meal plan for players to consume to increase carbohydrates intake on MD-1.  Note the 
addition of carbohydrate-based snacks, a healthy dessert after dinner and carbohydrate-based snack 

before bed to help increase muscle glycogen stores.

Figure 7.  An example meal plan for a game day. The focus on this day is to top up muscle glycogen and liver 
glycogen stores. The pre-match meal should be consumed 3-4 hours prior to kick off to allow adequate 

digestion before the match. Note this is not a full meal plan including proteins, fats and micr nutrients but more 
to provide an insight into what consuming 1-3 and 1-2 g.kg-1 carbohydrate looks like in the breakfast and pre-

game meal respectably 
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Carbohydrate intake post-match 

Following rugby game play, the key nutritional 
priority should be the replacement of 
muscle glycogen stores. It is well known that 
the ability to replenish muscle glycogen is 
enhanced in the first hour following 
strenuous physical activity such as rugby 
game play. Indeed, we have shown that if CHO 
is not optimally ingested in the first hour post-
exercise, muscle glycogen is not fully restored 
48 hours later despite a high CHO diet (27). The 
suggested CHO intake is to have approximately 
1g.kg-1 per hour for 3 hours post exercise, i.e. 
for a 90 kg player they would need 90g 
immediately post game, then a further 90g at 1 
hour and 2 hours post game. Recent data from 
our research team performed on professional 
rugby players in the English Premiership has 
also suggested that the physical collisions 
associated with rugby match play increase the 
requirement for CHO in the hours and days after 
a match (28). Interestingly, metabolic rate and CHO 
oxidation are elevated the day after a match, 
thereby suggesting that an increase in CHO intake 
is desired. The forwards in particular, showed a 
greater magnitude of change compared with 
the backs, which likely relates with the 
forwards involved in a higher number of intense 
collisions. Clearly there is a need to fuel the 
recovery window appropriately and this requires 
sufficient CHO as well as protein.

It is also important to remember that the CHO 
consumed in the first few hours after a game 
should be high GI with research demonstrating 
that such foods consumed over a 24 hour period 
post-exercise results in greater muscle glycogen 
re-synthesis compared with low GI foods (29). 
Practically this can work well as this can include 
foods that players have been restricting over the 
week and, as such, can be viewed as somewhat of 
a treat meal. Whether or not the CHO is provided 
in solid or liquid form is immaterial and should be 
left to the athlete's preference. In practice, a 
selection of high GI CHO snacks and drinks should 
be available in the changing room and/or on the 
journey home. A smoothie is an easy way to 
support post-game recovery and an example 
recipe is provided to the left in Figure 8.

Protein requirements for rugby 
players

Proteins are essential for life and are crucial for 
a variety of key functions in the human body. 
The body contains structural proteins, 
contractile proteins, immunoproteins and 
regulatory proteins. This extremely diverse range 
of functions is achieved due to the extreme 
variation in the structure of each protein. Proteins 
are made from amino acids that form together 
in a specific order to create proteins. Of the 20 
amino acids used to make proteins, 9 are 
classed as essential and the rest non-essential. 
Essential amino acids must be consumed in the 
diet, whereas the body can make its own non-
essential amino acids. It is crucial to recognise 
that proteins are continually broken down and 
re-synthesised throughout the day. This constant 
turnover allows for damaged proteins to be 
removed and replaced, and new proteins to be 
formed in response to exercise training. Despite 
protein supplements being the most widely used of 
all sports supplements, the protein requirement 
of rugby players remains unclear. When it comes 
to a rugby player's requirement for protein, it is 
often useful to consider it in line with the 3 Ts of 
sport nutrition, these being Total, Type and 
Timing. Whilst there appears to be a lot of focus 
on Total, we would argue that Timing and Type 
are equally important when it comes to the protein 
requirements for elite rugby players.

Total protein 

It is generally accepted that rugby players 
are different to the sedentary individual. 
Therefore, 

Figure 8.  An example of a recovery smoothie 
to be consumed after a rugby match.  
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one would assume that the protein requirements 
recommended for sedentary individuals (0.8 
g.kg-1) (30) should be different to that of a 
professional rugby player. Recent research we 
have performed with rugby players showS 
professional players consuming ~2.5 g.kg-1 of 
protein which for a 100 kg rugby player means a 
total intake of 250 g of protein (8-10 chicken breasts 
or 8-10 standard servings of whey protein 
powder!). Consuming this amount of protein can 
sometimes be difficult and so many players 
consume a combination of both food and 
supplements. Indeed, professional players consume 
approximately 0.5-1.2 g.kg-1 via supplements (31). It 
should be acknowledged that the evidence for such 
high amounts of protein is somewhat limited with 
1.8g g.kg-1 body mass per day often being cited as 
an appropriate upper amount (30) unless the athlete 
is on a hypocaloric diet to drop body fat, or injured 
where amounts in the region of 2.5 g.kg-1 body mass 
per day  have been recommended to maintain current 
muscle mass and minimise muscle atrophy (32).

Practically however, instead of rugby players 
focussing on the total amount of protein consumed 
in a given day, it is may be more appropriate to 
focus upon consuming a regular supply of protein 
throughout the day, i.e. ensuring each meal and 
snack has a good amount of protein within it. The 
most recent suggestions point towards around 0.4 
g.kg-1 body mass per meal being an ideal amount 
to consume per meal. For a 100kg rugby player this 
equates to 40g protein which is a large chicken 
breast, tin of tuna or 6 eggs (see Table 2 for sources
of protein in commonly consumed foods).

Timing of protein

Exercise performed in the fasted state has 
the potential to result in a net loss of muscle 
protein (33)(33) something which is usually 
undesirable for rugby players. In practice such 
fasted exercise is not uncommon, especially with 
younger players who may not make time to 
consume food prior to exercise, or even with 
older players  who have other commitments. It is 
therefore crucial that players find the time to 
consume some high quality protein containing 
foods before (34) or immediately post-exercise 
(35). Whilst the research suggesting pre-
exercise protein is best is somewhat 
equivocal, there is an overwhelming consensus 
that protein consumed after exercise is ideal 
for promoting muscle protein synthesis (35). 
Practically however, the consumption 0.4 g.kg-1 
body mass (about 40g) of high-quality protein 
taken prior to exercise and then again 
immediately following exercise may be the best 
way to ensure maximum rates of muscle protein 
synthesis.

Given that rugby players aim to achieve 
somewhere in the region of 2 g.kg-1 body mass 
per day, and considering 0.4 g.kg-1 body mass 
appears to be an ideal amount per meal, it is clear 
that a rugby player will require more than 3 
standard meals per day (Breakfast, Lunch and 
Dinner). To achieve the total amount required, 
five protein feeding opportunities may be 
required throughout the day, including a 
feeding before bed (Figure 9). This is 
especially important given studies have shown 
that muscle protein synthesis is maximised 
when protein is consumed regularly throughout 
the day rather than 

Figure 9.  The concept of protein pulsing to support optimal muscle protein synthesis throughout the day. The 
addition of a pre-bed protein intake will support recovery overnight. The shaded blue represents an increase in 

muscle protein synthesis following consumption of a protein rich meal. The shaded red represents muscle 
protein degradation following a period of no protein intake. The final pre-bed protein hit provides an opportunity 

for overnight recovery and repair whilst sleeping.
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more sporadic bolus doses, even when the 
same total amount of protein is consumed (36). 

Type of protein

The 3 major protein supplements for athletes 
are whey and casein from bovine milk, and soy. 
Whey protein results in greater muscle protein 
synthesis post-exercise compared with both 
casein or soy-based protein (37). This is likely to 
result from the speed in which whey increases 
blood amino acid concentrations compared with 
casein and soy. It was interesting to note in this 
study that the soy protein resulted in a more 
rapid increase in total amino acids in the blood 
but a slower increase in leucine concentration, 
suggesting that leucine availability is crucial in 
stimulating muscle protein synthesis. It appears 
that leucine plays a key role in switching on 
muscle protein synthesis, acting as a metabolic 
regulator (35), although it is important to 
stress that all of the essential amino acids are 
required for maximal muscle protein 
synthesis, whereby leucine ‘drives’ stimulation 
but the other amino acids provide the ‘building 
blocks’. An example of protein containing food is 
provided below (Table 2).

Casein is a slowly digested protein and so takes 
a longer time for blood concentrations of amino 
acids to become elevated. 

Since casein results in a slower appearance of 
amino acids in the circulation, there are 
suggestions that when consumed 30-60 mins 
before bed it may provide a sustained delivery 
of amino acids during the overnight fast and 
thus maintain protein synthesis during this 
time (38). In practice, rugby players may 
consume a whey shake made with milk which is 
rich in casein, or a specialised casein-based 
supplement.

Plant-based protein

As highlighted in the September 2021 edition 
of the Nutrition X-Change by Nanci Guest, plant-
based foods are increasing in popularity in both the 
general public and, possibly, with professional 
rugby players. Plant-based food sources high in 
protein include soy products (tofu, tempeh, 
edamame, soymilk), pulses (beans, lentils, peas) 
and an array of plant-based meat substitutes 
and protein powders. Seeds, nuts, and whole 
grains, such as quinoa, and plant-based milks 
also contribute protein to the diet (Table 3). With 
careful planning it is possible for a rugby player to 
achieve their protein needs via a plant-based diet. 

For further information on plant-based diets it 
is worth consulting the September 2021 
edition of 

Table 2. Example of protein containing foods.

Food Serving Size Protein Content

35 g

34 g

17 g

19 g

25 g

17 g

16.6 g

15 g

20 g

19 g

12g

19g

Chicken breast fillet

Tin of tuna

Greek Yoghurt (non-fat)

Tin of baked beans

Organic peanut butter

Cow’s milk (semi skimmed) 

Soya milk

Yazoo chocolate milk

Tinned mackerel fillets in oil 

Cottage cheese

Hummus

Biltong

Typical commercial protein 

shake

1 large (170 g)

1 small can (130 g)

1 small pot (170 g)

1 large tin (440 g)

3 tablespoons (100 g) 

500 ml

500 ml

1 small bottle (500 ml) 

1 small can (125 g)

1 small pot (170 g)

1 average pot (200g) 

1 average bag (40g) 

1 serving 20-40 g
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the Nutrition X-Change by Nanci Guest titled 
“Plant-based and vegan diets in exercise and 
sport”.

Hydration requirements

During rugby training and games, core 
(and muscle) temperatures can increase to 
>39ºC, and the main mechanism for losing 
heat during is through evaporation of sweat. 
As a result, some degree of exercise-induced 
dehydration happens, which may lead to a 
decrement in performance. Potential 
mechanisms underpinning dehydration-induced 
decrements in physical and mental 
performance include increased core 
temperature and cardiovascular strain, greater 
muscle glycogen utilisation and impaired brain 
function. In addition to fluid loss, sweat also 
contains electrolytes such as sodium, chloride, 
potassium, calcium and magnesium. Loss of 
sodium is the most significant for rugby players 
and salt losses between 2-13 g have been observed 
during training and competition. The importance 
of high salt losses are underscored by 
observations linking them to exercise-related 
muscle cramps (38) and for this reason, it is 
important to identify rugby players who are salty 
sweaters so as to develop individually tailored 
hydration strategies. Simple monitoring 
strategies such as examining clothing post-
exercise for salt stains may help identify 
such players, though sweat patch testing is 

the preferred objective method. 

Urine testing is advantageous in assessing hydration 
status, and may be achieved using urine osmolality 
or by assessing urine colour via a urine colour 
chart. To ensure pre-exercise euhydration, it 
is recommended that 5-7 ml.kg-1 of fluid is 
consumed at least 4 hours prior to exercise (39). 
This means that a 90 kg rugby player would 
consume 450-630 ml of fluid. If the player does 
not produce urine or the urine remains dark 
coloured, a further 3-5 ml.kg-1 (i.e., 150-450 ml for 
the 90 kg rugby player) should be consumed about 
2 hours before exercise. Drinking within this time 
schedule should allow for fluid absorption and 
enable urine output to return to normal levels (39). 
Consumption of sports drinks at this time, as 
opposed to water, may prove beneficial given that 
they not only contain electrolytes but also 
additional CHO. The fluid requirements of 
rugby players can be divided into pre, during and 
post exercise requirements. In order to offset 
the negative effects of dehydration on 
performance, the American College of Sports 
Medicine advise fluid ingestion at a rate that limits 
body mass loss to <2%of pre-exercise values (39) . 
Any attempt to drink too much fluid and thereby 
gain mass during exercise will lead to water 
intoxication and likely death (40).

Cold beverages (10ºC) are beneficial to reduce the 
rise 

Table 3. Example of protein containing plant food 

Food (serving size) Protein (g)

Seitan, cubed (1/3 cup) 21

Tempeh (1 cup) 20

Edamame (1 cup) 19

Lentils, cooked (1 cup) 18

Black beans, cooked (1 cup) 15

Tofu, extra firm (0.2 block) 10

Soymilk, original and vanilla (1 cup) 6

Chia seeds (1 oz) 5
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in body temperature during exercise (41). On 
training days (as opposed to competition), 
players may wish to consume water or low-
calorie sports drinks only, given that CHO 
ingestion during exercise may attenuate skeletal 
muscle adaptations to training as well as reduce 
lipid oxidation (42). After training or competition, 
the goal is to replace any fluid and electrolyte 
loss incurred by the exercise sessions. The 
extent (or aggressiveness) of the drinking 
strategy is dependent on the time-scale 
with which re-hydration must occur. Current 
guidelines recommend 1.5 kg of fluid for every 1 
kg body mass loss induced by exercise (39). For 
example, if 2 kg of fluid is lost during a match, 
then 3 litres of fluid should be consumed. 
Furthermore, fluids should be consumed (with 
electrolytes) over time rather than as large 
boluses (43), so as to maximise fluid retention. 
Any players identified as salty sweaters may 
benefit from the addition of extra sodium to 
promote fluid retention and stimulate thirst (44).  

Supplements for the rugby player

There is a common misconception with rugby 
players that supplements are essential for a 
successful nutritional plan and as such there are 
high levels of consumption in rugby playing 
athletes (59). However, supplements should not be 
a substitute for an inadequate diet. Having said 
that, professional, as well as busy, players may at 
times wish to supplement their diet with protein or 
CHO and so on. Additionally, there are a range of 
dietary supplements which are purported to help 
enhance training and performance. It is beyond 
the scope of this article to address, in detail, all the 
likely beneficial supplements for rugby players, 
and so it is noteworthy to explore some of these 
supplements either via the Xchange articles (such 
as caffeine, creatine, β-alanine, vitamin D, or 
omega-3 fatty acids) or refer to the A-Z of sports 
supplements in the British Journal of Sports 
Medicine.

Final thoughts and summary 

Targeted individualised nutrition strategies 
are crucial for rugby players to ensure that 
they have the required physique for the game, are 
fully fuelled for training and competition and 
maximise their recovery.  Players and support 
staff should be aware of the different demands 
of each playing position and thus the different 
body composition profiles aligned to each role 
on a rugby field. Whilst most 

players strive to achieve increased lean 
muscle mass with low body fat, data on 
professional players would suggest that a single 
rugby body composition profile does not exist and 
rather players should work with their coaches 
and nutritionists to maximise their own 
physical potential. To fuel training and 
competition, carbohydrate intake needs to 
be aligned to the demands of each training day. 
This allows the players to not over-consume total 
caloric intake when training demands are low, 
yet fully maximise muscle glycogen at key times of 
the week (i.e., GD-1 and GD). Most rugby players 
appreciate the importance of dietary protein and 
in our experience it is unusual for players to 
under- consume total protein on a daily basis. 
Perhaps a bigger issue when it comes to 
protein is the daily distribution and it is crucial 
that players are aware of the need to evenly 
distribute their protein over the day rather than 
the typical pattern of back-loading the day with 
increasing amounts of protein per meal as the 
day progresses. Education with regards to ‘book 
ending’ the day with protein can be useful, i.e. 
emphasising the need for a good source of protein 
upon awaking and pre bed. Finally, whilst there 
are many dietary supplements which can be 
helpful for the rugby player, it should be 
stressed that these should not replace a good 
quality diet with a food first approach advocated at 
all times.
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Supplement Ergogenic Claims Considerations prior to use Common Dose Key 
ref

Beta Alanine Increases muscle 
carnosine which is the 

main intracellular 
buffer of hydrogen ions 

thus improving high-
intensity exercise.

3-6 g per day
Must be taken daily for 
about 4 weeks before 
ben-efits are noticed.

(60)

Cannabidiol (CBD) (58)

Caffeine (62)

Collagen (63)

Concentrate
d Cherry (12)

Creatine

Some athletes may experi-
ence skin tingling  (termed 
paraesthesia) which may 

cause distress. This can be 
reduced taking alongside 
food or splitting the daily 

dose

The safety data set of CBD 
is incomplete and known 

toxicities exist at 
pharmaceutical levels. A 

significant risk of 
inadvertent doping via the 

presence of tet-
rahydrocannabinol (THC) 
or other cannabinoids in 

CBD supplements.

Some players naïve to caf-
feine may get side effects 

including nausea, headache 
and tremors at high dose.

Most of the evidence is 
from in vitro research. 

Anecdotal claims of 
improvements in recovery 

from injury

Most of the evidence in-
volves following a polyphe-

nol depleted diet. Most 
markers of “oxidative 

stress” are inappropriate 
meas-ures (e.g. Total 

Antioxidant Capacity or 
TBARS) making conclusions 

difficult to establish.

Can result in increased 
mass which may be 

undesirable for some 
players.,

(64)

Table 4. presents the main non-prohibited supplements commonly used by rugby players and summarises their efficacy 
with regards to performance.

Anecdotally and within 
the literature claims 

of anti-oxidative, anti-
inflammatory, 
analgesic and 

neuroprotective 
properties.

Prolong endurance 
performance, increase 
lipid oxidation, increase 

mental alertness.

Eating gelatin and 
vitamin C may promote 

greater collagen 
produc-tion, especially 

follow-ing a tendon/
ligament rupture.

Taken in the days 
leading to exercise, this 

has been shown to 
reduce some markers 
of “oxidative stress”, 

attenuate muscle 
soreness and improve 

sleep.

Improve speed, 
strength and power.

Rugby players should not 
take CBD

2-4 mg/kg body mass

Take 45-60 mins pre-
exercise

20g hydrolysed collagen 
protein with minimum 

50mg Vitamin C 
consumed 45 mins pre-

exercise

Varies depending upon 
the polyphenol for 
example, 2 x 30ml 

servings of cherry juice 
giving approximately 

40mg of anthocyanins

5 g 4 times per day for 
4-5 days followed by 3 g 

per day
or

3g per day for 30 days
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Nitrates 8.4 mmol nitrate 
(approxi-mately 2 “shots” 

of com-mercially 
available beet-root juice) 

taken 1-7 days pre-
exercise.

(66)

Omega 3 1-3 g per day of EPA/DHA (67)

Probiotics >20 billion CFUs taken (68)

Turmeric (69)

Vitamin C (70)

Vitamin D

Most researched form is 
beetroot juice, which is 
high in nitrate. Nitrate 
is converted to nitrite 
and ultimately nitric 

oxide. Increasing nitric 
oxide has been shown 

to lower the oxygen 
cost of submaximal 
exercise, which can 

improve aerobic exercise 
performance.

Increasing omega 3 
intake, particularly EPA 
and DHA suggested to 

reduce inflammation and 
even promote muscle 

protein synthesis.

Shown to reduce the 
likelihood of URTIs. 

Suggested to improve 
general gastrointestinal 

function as well as 
reduce exercise-induced 

gut damage.

Emerging research 
suggesting turmeric 

has anti-inflammatory 
properties potentially 

reducing post exercise 
muscle soreness, as 

well as supplementation 
having the potential to 

facilitate tendon healing.

Claimed to reduce 
exercise-induced free 

radical production thus 
reducing muscle 

soreness and attenuating 
the loss of muscle 

function. Vitamin C also 
been linked with reducing 
the severity and duration 

of a cold through non-
antioxidant mechanisms.

Correction of a 
deficiency is claimed to 

improve bone health and 
muscle function. Aid with 

immune and other 
cellular functions.

Most of the evidence is in less 
trained athletes and after fol-
lowing a nitrate depleted diet. 

Some athletes do not toler-
ate the taste especially well, 

which is important, given that 
benefits are seen through 

days of supplementation. Can 
be gained through the diet 

(e.g. rhubarb, beetroot).

Large doses needed. Can 
repeat on some people giving 
fishy taste in mouth. Can be 

expensive and evidence is still 
not conclusive in terms of its 

benefits.

Evidence is still lacking as to 
the best strains and doses of 

probiotics which are most 
efficacious for different 

health outcomes in different 
popula-tions.

Has poor bioavailability and 
most of the research is in an-
imal models or in vitro rather 
than in vivo although sugges-

tions this can be improved 
through addition of piperine.

Suggestions that some ad-
aptations to exercise are 

redox sensitive and 
therefore antioxidant 

supplements could impair 
improvements with training, 

although this suggestion 
seems difficult to explain 

from a mechanistic point of 
view.

High dose supplementation 
could result in problems 

such as hypercalcaemia and 
kidney stones

daily. Multispecies strains 
including those from lac-

tobacillus and 
bifidobacte-rium species 

are the most widely 
studied.

2.5-5g turmeric root 
twice per day or as per 

manu-facturers guidance

500-1000mg daily

Requires individual con-
sultation with a clinician.

(71)
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