NutritionX

The Nutrition
AX— CHANGE

.

NUTRITION AND SOCCER

Examining scientific evidence relating to
nutrition and soccer and then linking to
practical guidelines and advice

Andrew Hulton, James Malone, Neil Clarke &
Don Maclaren



NUTRITION AND SOCCER

Andrew Hulton, James Malone, Neil Clarke & Don Maclaren

Practical Implications

+ Soccer match-play and training makes significant demands on both the anaerobic and aerobic

energy systems

+ Carbohydrate (CHO) is a crucial energy source for performance and may be substantially depleted in

muscle and liver

+ Fatigue in soccer is likely to result from depletion of CHO sources

+ Maintenance of muscle and blood CHO levels are desirable

+ CHO intake should be matched with the likely demands placed on this energy reserve

+ Protein consumption should be ~1.8-2g/kg/day, and this is best achieved by regular intake of protein

sounrces at each meal/snack

+ Increased CHO intake is necessary on the day before a match (or heavy training) as well as match
days, whereas a reduced intake is desirable on light training days

+ The pre-match meal must contain good sources of CHO, easily digested protein and fluid

+ Strategies for what to eat after the pre-match meal, during match-play and after a match are

provided

Introduction

Soccer is a highly demanding intermittent sport that
involves fluctuations between low and high intensity
activities (Bangsbo, 1994). At the professional
level, male soccer players typically cover around
11-13 km per match dependent on position, with
central midfielders covering the highest and
central defenders the lowest distances (Bradley et
al.,, 2009). Of the overall distance covered, around
1150m is run at speeds above 20 km.h-1, with about
60 sprints performed; this is again dependent on the
positional role (Barnes et al., 2014). Overall,, players
perform more than 1200 unpredictable changes in
activity, which also comprises of ~700 turns and
30-40 tackles and jumps (Bloomfield et al., 2007).
Further, Mohr and colleagues (2003) observed
significant reductions in the amount of both total
and high intensity distance covered towards the
last 15 minutes of match play compared to the
initial 15-minute period, with players encountenring
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temporary reductions in physical output
following the most demanding 5-minute period
during match-play (Mohr et al., 2003). In training,
soccer players typically cover around 3-7 km, with
around 100-600m and 50-400m covered above 20
km.h-1 and 25 km-1, respectively, dependent on
the training day relative to the next match (i.e.
match day minus; MD-) (Malone et al, 20i5).
Soccer coaches normally periodise the overall
loading during training microcycles in order to
load the player early in the training week,
followed by a reduction in load as a form of
taper to dissipate fatigue whilst aiming to
maximise adaptation processes (Clemente et
al., 2019).

From an energy perspective, soccer places
significant demand on both the aerobic and
anaerobic systems in order to perform at the
highest level (laia et al., 2009). Soccer match-play
elicits average and peak heart rates of ~85 and
~98% of maximal values, respectively (Krustrup et
al., 2005), and such data suggests that the average
oxygen uptake is around ~70% VO2max (Bangsbo

et al., 20086). Since
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approximately ~90% of match-play is
performed at Ilow to moderate intensity
(Bangsbo, 2014), the aerobic energy system
provides most of the energy, with a focus being
on recovery between bouts of high intensity
activity. High intensity activities, such as
accelerations and jumping, require use of
energy from the anaerobic systems (Bangsbo,
2014). These high intensity actions often lead
to crucial moments of match-play, such as
straight-line  sprinting within goal scoring
situations (Faude et al, 2012), and result in
elevated levels of lactic acid which are typically
2-12 mM during soccer matches (Krustrup et
al., 2006), although it should be noted that these
values are highly influenced by the preceding
five minutes of activity. Since anaerobic
glycolysis as well as carbohydrate (CHO)
oxidation are important sources of energy,
muscle glycogen has been found to be depleted
following match-play to around 43% of pre-match
levels and remains significantly reduced up to and
beyond 24h hours post-match (Krustrup et al.,
2011). Thus, soccer players are required to be
adequately prepared from both a training and
nutritional perspective to meet the energy
requirements.

The aim of this article is to analyse the available
scientific literature concerning the energy
intake in soccer with a view to suggesting some
practical guidelines. The objective is to provide
evidence-based nutritional strategies for
practitioners to implement in order to optimise
soccenr performance. Consequently, exploration of
the metabolic changes that take place during
training and matches is examined before
attention is given to the nutritional needs of
players. The reader should be aware that
this article is a truncated version of a more
comprehensive review papenr published
recently (Hulton et al., 2022).

Fatigue and soccer

Fatigue, as defined by the inability to sustain the
necessary speed or power output, in soccer
has received much interest within the literature
since it is important in the outcome of matches.
Reilly (1996) suggested the presence of
fatigue could be realised in the increases in
goals scored in the final 10 minutes of matches,
although fatigue can occur at different stages
throughout a match, with temporal fatigue
present after intense periods of the game and
attributed to disturbances in muscle ion
homeostasis (Mohr et al, 2003), or more
permanent fatigue identified towards the end of

match play.
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Though there are many potential
mechanisms responsible, two of the main
explanations which have a nutritional implication
are a depletion of muscle glycogen and
hypoglycaemia (Mujika & Burke, 2010).
Investigations from the early 1970's (Saltin,
1972) first demonstrated that players starting
a soccer match with low muscle glycogen
availability fully deplete their stores by the end of
the match. In fact, low muscle glycogen was
observed at half-time in these players, resulting
in an early onset of fatigue characterised by a
significant increase in time spent at low
intensity movement such as walking (50% vs 27%
of total distance), and an inability to complete
sprinting activities (15% vs 24% of total distance)
compared to those who started the match with
‘normal’ glycogen availability. A comparable
investigation by Krustrup et al. (2006)
demonstrated a gradual reduction in muscle
glycogen throughout a soccer match in Danish
fourth division players during non-competitive
matches. Although total muscle glycogen was
not fully depleted, approximately 47% of all muscle
fibres were described as ‘depleted or almost
depleted of glycogen’ Fibre type analysis
identified that depletion was apparent within
type lla (intermediate) and type lIx (fast) fibres,
which are responsible for high intensity actions,
and as such may support the significant
reduction in sprinting performance observed
throughout the match. It would be prudent to
note that this investigation was not conducted on
elite players, who are engaged in more high
intensity activities (Mohr et al., 2005), and so
result in greater glycogen depletion. Many
investigations  assessing glycogen use in
soccer match play or simulated game activity
highlight the need for optimal glycogen storage
prior to kick-off for optimal performance.

Reductions in blood glucose concentrations
due to inadequate CHO availability invariably
lead to hypoglycaemia, since once liver
glycogen is depleted, there is an inability to
produce sufficient glucose for circulation from
the lower nrates of Iliver gluconeogenesis.
Since the brain primarily uses glucose from
the blood as an energy source, hypoglycaemia
has been considered a factor contributing
to fatigue. Early laboratory studies conducted
by Christensen & Hansen (1939) clearly
demonstrated this point. Consequently,
hypoglycaemia may be identified as a
nutritional factor that may produce fatigue
or suboptimal performance in soccer (Mujika &
Burke, 2010). The mechanism for any decrement

in performance due
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to hypoglycaemia has been attributed to
affecting skill and running capacity. Currell et
al. (2009) observed that the ability to dribble a
ball around cones at various time points during
soccer simulated activity was demonstrably
slower with placebo compared with ingestion of
CHO. In addition, further investigations have
observed improvements in specific soccer
skills (Ali et al., 2007) and perceived activation/
arousal when CHO is ingested (Backhouse et al.,
2007). In these investigations, hypoglycaemia was
not evident (in placebo trials), and indeed to
date no studies have reported hypoglycaemia
during a soccer match or in simulated
studies within a laboratory context. Could it be
that higher levels of blood glucose during the
simulated soccer performance with glucose
ingestion results in the greater performance of
skilled based tasks and penrception? Clearly
more studies are required to address this
issue. Current nutritional strategies are to
consume CHO in the hours before and
during match play, thus making the appearance
of hypoglycaemia relatively rare during soccer
(Ekblom, 1986). In addition, during extended
periods of play, such as extra time, research
has demonstrated that euglycaemia can be
maintained beyond the 90 minutes (Harper et al.,
2015).

Nutritional intake and soccer

In order to provide evidence-based
nutritional guidelines, it is important to first
establish the dietary habits of soccer players
across different sessions (e.g.  training
sessions, matches and rest days). In terms of
energy intake (El), players consume around ~2200
— 3000 kcal/day during training days
(Brinkmans et al., 2019). Furthermore, when
factoring in both training and match days
combined across the sampling period, this value
increases to around ~3100 — 3900 kcal/day. On
non-training days (i.e. rest days), El has been
reported to be ~2510 kcal/day (Brinkmans et al.,
2019). Jacobs and colleagues (1982) also reported
high ElI of ~4900 kcal/day on the day following
match-play in Swedish professional players. In
the studies that have directed compared energy
balance through El and energy expenditure (EE), a
negative energy balance of around ~200 — 500 kcal/
day across training and match-play combined is
observed (Anderson et al., 2017). This may be due
to players wanting to limit any increases in body
fat during the competitive season, which is seen
as a negative factor by both players and coaching
staff. Having identified the link with fatigue and pre

match

glycogen stores, clear evidence has emerged
that indicatesaperiodisedapproachtoCHOfeeding
during weekly training in preparation for
competition. It is clear from a recent investigation
within the English Premier League (Anderson et
al.,, 2017), albeit with only six players, that CHO
intake increases on match day to 6.4g/kg
compared with a training day CHO intake of 4.2g/
kg. These findings confirm the group's previous
work on training and match loads (Anderson et al.,
2046), which supports the implementation of a
periodised CHO feeding strategy to support
physical output and dietary planning. Similar
nutritional results, with a much larger sample of
professional players from the Dutch Eredivisie
(Brinkmans et al., 2019), support the observation
of a periodised CHO approach with a significant
increase on match day (5.1g/kg) compared to
training days (3.9g/kg) and rest days (3.7g/kg).
Such a periodised approach to CHO intake is
matched by the overall EI of English Premier
League players with higher match day El of 3789
kcal compared to training day El of 2956 kcal.
Findings reported for the Dutch Eredivisie are
3114 kcal, 2637 kcal and 2510 kcal for match day,
training days and rest days respectively.

In the studies reported above, protein did not
differ statistically throughout the competitive
week in either the English or Dutch players,
although a notable observation was the high
protein intake observed from the English
players; which in relative terms amounts to
a daily protein intake of 2.4g/day. Observations
from the Dutch players (Brinkmans et al., 2019)
and an earlier finding from two Scottish Premienr
league teams two decades previously
(Maughan, 1997) demonstrated lower protein
intakes of 1.7 g/kg for the Dutch players, and
1.8-1.4 g/kg for the Scottish teams. The protein
intakes observed with the English players may
be considered extreme in light of the view that
intakes in excess of approximately 1.7 g/kg are
unlikely to aid further muscle building or repair
(Maughan & Shirreffs, 2007). These potentially
excessive intakes of protein do not represent an
issue for CHO intake of players unless the large
protein intake replaces the CHO. These data
provide further incentive to follow a periodised
CHO intake and plan in accordance with seasonal
fixtures to ensure CHO is not neglected.

In contrast to the senior players, academy
players exhibit no significant differences in
macronutrient intake across a training week
consisting of four training days, two rest

days and a match day

NX
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Table 1. Potential meal ideas to achieve a carbohydrate intake of 6g/kg for a 75kg player on MD-1. Data analysed with

nutritional management software Nutritics (Dublin, Ireland).

Meal Food Source Amount Amount of CHO
Breakfast Cereal — Weetabix (with milk) 37 g (135 ml) 316¢g
Total - Toast — 2 slices (with flora 60 g (14 g) 31.0¢g
881¢g light) Fruit cocktail (in juice) 100 g 11.7¢g
(1.2g/kg Fresh Orange (glass) 160 ml 144 g
CHO) Poached eggs x 2 i00g og
Rice 160 g 50.4 ¢
Sweet and sour chicken 160 g 94¢g
Lunch .
Total Broccoli 85¢g 3g
156.6 g Green beans 60 g 23¢g
(2.1g/ke Apple crumble & Custard 150g 100 ¢g 68.4¢g
i Fresh Apple juice (tall 300 ml 2341 ¢g
CHO)
tumblen)
Mashed potato 300 g 41.4¢
Dinner Salmon (white wine sauce) 210g (121 g) 6.4¢g
Carrots 90¢g 5.2¢
Total =152 ¢ Broccoli 85¢ 3g
(2g/kg CHO) 80 74
Peas g 4g
Strawberry (1 cup) & 160g/32¢g 391¢
meringue (x 2) Ice cream 35¢ 74¢
CHO-electrolyte drink 500 ml 315¢
Drinks/Snacks |S|i(:ce of fruit cake/ 16077¢g 40.8¢
oa
(C-l)-gceiclg/k;%i(g)) CHO-electrolyte 500 ml 315¢
drink
Total CHO
Intake 459 g (6.1 459 g (6.1 g/kg CHO)
g/kg CHO)

NX
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(Briggs et al., 2015). These relatively stable intakes
may suggest that academy players do not adjust
dietary intake across the week to account for the
varying intensity of training and matches. The
mean CHO intake was 6.0g/kg, 5.6g/kg and 5.5g/kg
for heavy training, moderate training and matches
respectively. Protein intake followed the same
pattern as senior players with a consistent intake
throughout the week of 1.6g/kg, 1.4g/kg and 1.5g/kg
for heavy training, moderate training and matches
respectively; albeit these data illustrates an ovenrall
lowenr relative protein intake for academy players.

Nutrition for pre-match day (MD-1)

Support for high CHO strategies is routinely
suggested for improved performance during
simulated soccer activities (Bangsbo et al., 1992),
small-sided games (Balsom et al, 1999) and
match play (Souglis et al., 2013), with increased
physical output evident throughout.
Consequently, the primary nutritional focus for
pre-match day, or matchday minus 1 (MD-1), is to
ensurethatboth muscleandliver glycogen storesare
optimally elevated in preparation for matchday
endeavours. In terms of training, MD-1 usually
focuses on light tactical work and brief activity at
high intensity to maintain ‘sharpness’. Nutritionally,
the emphasis is for an increase in CHO intake such
that 6-8g/kg is consumed (Collins et al., 2021).

In order to achieve a CHO intake of 6 g/kg in MD-1
it is necessary to consume CHO at all opportunities.
Table 1 illustrates what may be undertaken in
order to attain such a goal for a 75kg player, where
the CHO intake is likely to be 450g i.e. 6g/kg. It is
useful to consider a 4 or 5 meal strategy for MD-1
i.e. breakfast, lunch, mid-afternoon snack, dinner
and supper (the mid-afternoon or supper may not
be suitable for all). With such a strategy it is quite
possible to ingest 2 g/kg CHO at lunch and at dinnen,
around 1 g/kg for breakfast; the remaining
CHO consumption (i.e. around 1ig/kg) may be
obtained via appropriate drinks and/or snacks in the
afternoon or for supper. Since glycogen is stored
with waten, fluid

consumption with each meal/snack is necessary.

Since high glycaemic index (HGI) foods are digested
and absorbed more rapidly than low glycaemic
index (LGI) alternatives, it is pertinent to consider
consuming foods which have a high Gl and may
encourage greater intake. However, there is a
lack of evidence in regard to whether high or

low Gl

meals are advantageous for glycogen loading
over a 24-h period. Burke et al. (1993) concluded
that a HGI nutritional strategy should be followed
as part of a recovery strategy following glycogen
depleting exercise, with an approximate 50%
difference between the variety of Gl, but this
investigation employed a training volume and
intensity unlikely to be followed during MD-1
where the training load is normally light and
therefore may not be applicable. More
research is required in relation to Gl
carbohydrate intake during the MD-1. Having
said that, it is prudent to allow players to
consume carbohydrate sources they enjoy during
MD-1 as long as there are sufficient amounts to
achieve ~6g/kg.

Nutrition and match-day: pre-match

As highlighted above, MD-1 is vital for
nutritional preparation for competition and
may be more important than any meals on
the match day itself. This is likely since it is not
easy to replenish significant loss of muscle
glycogen within a short period such as 24-h.
Certainly, liver glycogen may be more rapidly
replenished in a contracted period but not
muscle glycogen. If an appropriate feeding
strategy of high CHO is adhered to, match day
itself should just be a ‘top up’ of muscle and
replenishment of liver glycogen. Liver glycogen
has been observed to decrease significantly
following an overnight fast (Hson Nilsson, 1973),
with total depletion expected after 36 hours. This
means that approximately 33% of liver glycogen
could be lost during an overnight fast of 12 hours,
and up to 50%if no CHO is consumed until kick-off.

If muscle and liver glycogen is to be enhanced
on match day, it is pentinent to examine the
findings of Wee and colleagues (2005) who
observed a 15% increase in muscle glycogen 3-h
after ingestion of 2.5g.kg of a high Gl breakfast
but not from a low Gl breakfast meal.
Unfortunately, the authors did not assess liver
glycogen storage. It is possible that liver
glycogen stores would be promoted in both
conditions since an earlier study by Casey et al.
(2000) using magnetic resonance spectroscopy
(MRS) demonstrated significant liver
glycogen nrestoration after exercise when fed 1g/
kg glucose or sucrose. In fact, sucrose ingestion
resulted in a much higher amount of storage
than glucose probably because sucrose
contains fructose which has been established to
enhance liver rather than muscle glycogen
(Malone et al., 2021).

NX
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Kick-off Time
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Figure 1 — Pre-match feeding strategies based on
kick-off times

An issue over the last number of years is that kick-
off time varies considerably in elite soccer, mainly
due to the demands of television. Start times may
be as early as 12:00 or 12:30 and as late as 20:00,
although most matches in the UK have a 15:00 kick-
off time. Clearly early kick-off times imply a single
meal feed strategy whereas, for a 15:00 stanrt,
there is the possibility of a two-meal feed
strategy, and for a 20:00 kick-off a three-meal
feed strategy is desirable. For the earlier stant
times the importance of a sufficient CHO intake
during MD-1 is paramount, whilst marginally less so
for evening matches. Figure 1 highlights the
possible scenarios for match day feeding
strategies based on variations in start times.

The general consensus for pre-match nutrition
would suggest a relatively high CHO meal of between
1-4 g/kg (Mujika & Burke, 2010) approximately 3—4
hours before kick-off. Low Gl meals are thought to
be more advantageous than HGI prior to
exercise, mainly due the possibility that high GlI
meals could result in so-called rebound
hypoglycaemia after about 3-4-h. The application of
Gl for sport and pre-exercise feeding was first
studied in the early 1990s by Thomas et al.
(1991) and concluded that LGI foods produced a
greater endurance capacity compared to HGI foods,
partly due to a potential glycogen sparing
mechanism attributable to a more stable insulin and
glucose profile. Further investigations
supponrted
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this notion that LGI CHO foods improved
capacity (Wong et al, 2008) and time trial
performance (DeMarco et al, 1999), although
these investigations were based around
continuous exercise models. In contrast, soccenr-
specific investigations illustrated no difference
between HGI and LGI pre-match foods (Little et al.,
2009) or meals (Hulton et al., 2012), with the latter
investigation following a more ecological protocol
of match day timings, prior breakfast and
realistic meals with all macronutrients
present (details of meals presented in Table
2). Even though significant differences in
postprandial glucose responses were observed,
no metabolic or performance differences were

observed (Hulton et al,, 20192).
Subsequently, muscle glycogen
measurements were analysed following a

further soccer-specific simulation to investigate
glycogen utilisation differences between G,
and although a significant difference was
observed between the control trial (fasted) and
both HGI and LGI, no significant differences was
seen between the fed trials (Little et al., 2010).

The concept of a high fat meal has also
been investigated and compared to an
isocaloric LGl meal prior to a soccenr-specific
simulation (Hulton et al., 2013). Results identify no
performance benefits between the varying meals
when muscle glycogen is adequate. Differences
were observed between fat metabolites,
substrate oxidation rates and subjective
ratings of fullness and hunger, yet no
transferable  effect on  performance or
subjective rating of perceived exenrtion. It is
important to note that prior to the soccer-
specific investigations (Hulton et al., 2012; 2013),
participants followed their habitual diet with a
greater focus on CHO, signifying normal glycogen
stores. Therefore, these results may advocate
flexibility and a more personalised approach in the
pre-match meal, rather than a prescribed meal or
static menu, if a normal high CHO diet has been
maintained throughout the training week.
These may suit players as personal
preferences can be maintained due to foods
choices, cultural difference/choices, habits,
rituals and/or superstitions.

Hydration is an important consideration
since dehydration is a well-recognised fatigue
factor in prolonged activities, and furthermore
that water is required for glycogen storage.
Consequently, players need to ensure they
start the match in a euhydrated state. Evidence
based on assessment of urinary parameters

demonstrates that a large
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proportion of players may start competition in a
relatively  dehydrated state (Maughan &
Shirreffs, 2007). Therefore, to ensure players are
well prepared with reganrds to their fluid status, it is
recommended that they slowly imbibe between 5 -7
ml/kg at least 4-hours prior to the match (ACSM,
2007). From a practical perspective, the
consumption of water is advisable during and
after the pre-match meal,, up until arrival at the
match venue. Use of carbohydrate-containing
beverages should be discouraged after the meal
and only be re-introduced after warm-up and in
the 5-10-minute period before the match
starts. This is to reduce the likelihood of rebound
hypoglycaemia ensuing in the first 10-15 minutes of
the match.

An inevitable consequence of undertaking any form
of exenrcise such as soccer (training or match play)
is that muscle protein breakdown (MPB) ensues,
and that muscle protein synthesis (MPS) is
attenuated (Phillips, 2014). It is also well established
that feeding protein in the hour prior to engaging
in such bouts of activity and in the 1 or 2 hours
afterwanrds results in an increase in net protein
balance, whereas no protein intake causes a deficit
in net protein balance (Tipton et al, 2006).
Consuming a pre-match meal with some protein
(~20-30g) 3-h before is helpful, although it may be

One of the few supplements that has strong
evidence for improving soccer performance is
caffeine. Acute caffeine intake of a moderate
dose of caffeine (3-6 mg/kg) 45 to 60 minutes
before exercise has the capacity to improve
several soccer-related abilities and skills such
as ventical jump height, repeated sprint ability,
running distances during a game and passing
accuracy (Clarke et al., 2005). Data suggests
that caffeine improves the physical and
technical elements of performance that are
required for successful soccer match play.
Furthermore, the ingestion of 2-6 mg/kg body
mass of caffeine has been reported to increase
repeated sprint and jump performance (Gant et
al., 2010), reactive agility (Duvnjak-Zaknich et
al. 2011), jump height (Ellis et al., 2019) and
passing accuracy (Foskett et al, 2009) during
intermittent exercise protocols, replicating the
physical demands of soccer.

The information presented above is illustrated
in Figure 1, with the nutritional intake planned
before kick-off, ensuring optimal glycogen
stores and hydration from the start of

competition.

Nutrition and match-day: during

advisable to consider drinking some form of whey match

protein (without carbohydrate) an hour or so

before kick-off. Such a proposal may help reduce In order to maintain adequate hydration,
MPB during the match, although no scientific muscle glycogen and blood glucose

data has been presented to date. The ingestion
of a protein bar or protein shake is a useful
consideration here.

oncentrations,

Table 2. Details of the ‘pre-match’ meals provided during investigations by Hulton et al. (2012; 2013)

i . CHO Protein Fat Energy
High Glycaemic Index Meal (GI=80)
(€) (€) (8 (kcal)

Akash rice Chicken Tomato based Lucozade Origi- Waten
(63g) Breast (100g) sauce(300g) nal (380 ml) (210ml) 138.8 35.7 23 870.3

Low Glycaemic Index Meal (Gl=44)
Brown Chicken Tomato based Apple Juice
basmati ~ Breast(100g) sauce (300g) (590ml) 1837 379 237 866.3
rice (63g)

High Fat Meal
Egg fried Chicken Korma Milkshake Double
rice (756g) breast(100g) sauce (200g)  (200ml) cream 59.4 3853 702 9956
(50ml)
08 NX




sufficient intake of CHO and fluid are the
main nutritional considerations during match-
play. Data from laboratory-based studies
shows that CHO ingestion during soccen-
specific exercise augments plasma glucose
availability and maintains rates of CHO oxidation
(Clarke et al., 2008). Howevenr, given the acyclic
nature of activity in soccer, there are no
scheduled breaks where fluid can be consumed;
besides, gastric tolerance and the perception of
gut fullness do not allow for suitable
rehydration for soccer players. Furthermore,
Leiper et al. (2205) demonstrated that the
intensity corresponding to that of a soccer
match is sufficient to slow gastric emptying.
Therefore, due to the continuous nature of play,
with infrequent, unscheduled stoppages, the only
two occasions that a player is guaranteed to be
able to consume fluid are before the game and at
half-time. It is therefore prudent that players take
on board fluid during and additional breaks in play
e.g. injury stoppages.

The intensity of exercise associated with
a competitive match is high enough to
induce appreciable heat load, causing players to
lose up to 3 L of sweat during a match (Ekblom,
1986). Therefore, as a guide, players should aim
to drink sufficient fluids to prevent a deficit of
no more than 2-3% of pre-match euhydrated
body mass (ACSM, 2007). The addition of CHO to
this fluid can further improve exercise capacity
(Nicholas et al., 1995), possibly due to prevention of
hypoglycaemia, maintenance of high CHO oxidation
rates, glycogen sparing and effects on the central
nervous system delaying the onset of fatigue
(Leatt & Jacobs, 1989). Consequently, a CHO
intake atarate of 30-60 g/nhasbeenassociated with
a consistent beneficial effect on performance in
soccer (Baker et al., 2015). However, players in
the English Premier League reported a CHO intake
of 32 g/h just before and during a match
(Anderson et al., 2017).

The ingestion of CHO has frequently resulted
in improvements in exercise capacity during
the performance of exercise protocols that
simulate the work-rate of soccer (Clarke et al,
2005) and actual match-play (Kirkendall et al.,
1988), although sprint performance is less
consistent. However, soccer performance is
not only dependent on physical performance.
Motor skillsand cognitive performancesalso play a
crucial role and there is a tendency for players’
skills and cognitive performance to decline during
the latter stages of a match (Oliveira et al., 2017).

Carbohydrate has been shown to attenuate,
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or even eliminate, this detrimental effect
over the course of a match (Ali & Williams,
2009). For example, Harper and colleagues (2017)
reported that a CHO-electrolyte solution
improved dribbling speed during the later stages
of a soccer match simulation. Furthermore, CHO
supplementation attenuated the decrements in
shooting (Russell et al., 2012) and passing (Ali &
Williams, 2009) performance during simulated
soccer match-play. Furthermore, the co-
ingestion of a 6% CHO solution with the addition of
160 mg/L of caffeine has been reported to
improve sprinting performance and
countermovement jumping (Gant et al., 2010), in
addition to reductions in perceived exention
following a normal high CHO feeding strategy
with the co-ingestion of 5 mg/kg of caffeine prior to
a simulated soccer protocol (Hulton et al., 2020). A
furthenr interesting development is that caffeinated
gum containing 200 mg of caffeine (2 x 100 mg
pieces of gum) prior to soccer-specific tests has
been reported to enhance the yo-yo intermittent
recovery test as well as countermovement
jumping performance by approximately 2%,
although  further research is warranted
(Ranchonrdas et al., 20138).

It should also be noted that matches can extend
to extra time and penalty shoot-outs. As
previously mentioned (Harper et al, 20i5), it
was reported that ingestion of a CHO-
electrolyte gel before a simulated extra-time
period raised blood glucose concentrations and
improved dribbling performance during the
extra-time period of simulated soccer match-
play. Finally, CHO mouth rinse has been shown to
increase self-selected jogging speed with likely
benefits for repeated 15 m sprint performance
(Rollo et al., 2015). Therefore, CHO mouth rinsing
prior to extra-time or penalty shootout could
potentially enhance performance in situations
whenre CHO consumption is limited by

gastrointestinal concerns.

Match-day: post-match

Due to the depletion of muscle and liver
glycogen during match-play, the main focus for
recovery is to replenish these stores in addition
to rehydrating and ensuring muscle protein is
recovered. Normally, this should be achieved
within a 2-h window after a match (lvy et al., 1988)
and is especially important if fixtures are close
together i.e. within 2-3 days or so. This limited
time frame for glycogen resynthesis is due to

exenrcise-induced glycogen depletion
promoting activation of glycogen
synthase (Wojtaszewski et al., 2001),

exercise-induced
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increases in insulin sensitivity (Richter et al,
1989), and exercise sensitisation of muscle cell
membranes to glucose delivery (Burke et al,
2004). Therefore, the sooner the CHO intake
after exercise the better. Those players who are
unable to consume adequate CHO following a
match risk a reduced ability to resynthesise
glycogen by approximately 50% throughout
a 4-h period, regardless of consuming CHO 2-
hours following the cessation of exercise (lvy et al.,
1988). In the same fashion as MD-1 when the
nutritional goal is to maximise glycogen synthesis,
HGI CHO are the variety of choice to enhance
the replenishment over the LGI equivalent (Burke
et al.,, 1993), with an ideal intake of approximately
1.0-1.2g/kg/h to achieve this (Burke et al., 2004). If
sufficient CHO cannot be ingested in the
immediate post-match period, there is some
evidence that additional protein may help
glycogen resynthesis. Thereby, if the
recommended intake of 1.2 g/kg/hr is unable to
be attained, then an additional amount of 0.4g/kg/h
of protein could ensure adequate rates of
glycogen storage (van Loon et al., 2000).

In addition to the use of protein to support
muscle glycogen replenishment, it is a vital
component of nutritional recovery due to the
muscle protein breakdown that will occur
during match play. Previous understanding
suggested that 20 g of protein provided no
greater advantage over 40 g during the
recovery period following nresistance exenrcise
(Witard et al, 2014). However, this was
observed following a bout of unilateral
exercise and not full body exercise, which may
be more comparable to football. MacNaughton
and colleagues (2016) thereby conducted a
similar  investigation following whole body
resistance exercise and found that 40 ¢
stimulates a greater myofibrillar  protein
synthesis response than 20 g in young
resistance-trained men, irrespective of their
lean body mass. Solid or whole foods rich is
protein would generally be recommended, but
whey protein shakes are often favoured asamore
expedient way to consume protein, with appetite
sometimes  suppressed following exercise.
Whey protein is recommended over casein and
soy protein due to its rapid absorption, and
importantly it's high proportion of leucine (Tang
et al.,, 2009), which is a key amino acid that at
high doses can stimulate muscle protein
synthesis.

Another important aspect of recovery from
match play is rehydration. Players can be
hyperthermic at the final whistle and sweat

losses can exceed 3 to

4 L (Maughan & Shirreffs, 2007). Therefore, the
goal post-match is to replace any fluid and
electrolyte deficit. As players should be consuming
regular foods during recovery that contain
sodium, plain water should suffice (ACSM, 2007).
However, if sodium is not present or insufficient,
this will delay a return to a euhydrated state due
to the stimulation of urine production, and it may
be recommended to intake formulated sports
drinks for their added electrolyte content. As an
approximate recommended intake to achieve
rehydration quickly, 150% of weight loss or 1.5 L
per 1 kg of weight lost may be suggested
(Shirreffs & Maughan, 1998), which would
support the fluid loss and account for any
urination that ensues. Furthermore, it is key not
to hyperhydrate post-match, especially following
evening matches, as sleep disturbances in
athletes has been attributed to waking throughout
the night to urinate (Halson, 2008). Therefore,
milk may be a drink of choice prior to bedtime,
not only for the protein and casein content, but
due to its high electrolyte content compared
to water (Roy, 2008).

Due to the nature of the game at
professional levels, many substitutes are
available for selection at various times. These
players are required to load up on fluid and
carbohydrates in the same manner as those
starting the match. Howeven, if they play only a
few minutes or not at all, then it is strongly
advisable not to engage in the high CHO
eating strategies outlined above. Rather, these
players should focus on low-carbohydrate,
high-protein foods both in the changing room
and for their post-match meal. Failure to do so
over repetitive matches is likely to lead to
increases in body fat due to the conversion of the
excess CHO ingested into fat. Table 3 below
provides some suggestions for foods and drink

to consume post—match.

Day after match day (MD+1)

A day that is sometimes forgotten, or at least
not treated with the same nutritional respect, is
MD+1. Yet nutritional importance is paramount,
as players may still be in an energy deficit and need
to consume appropriate CHO to continue their
refuelling strategy in preparation for the
forthcoming training week and match/es. Early
work conducted by Jacobs and colleagues
(1982) with elite Swedish players highlighted
that insufficient CHO intake due to poor dietary
habits following a competitive fixture limited post-
match glycogen replenishment. They observed
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Table 3. Suggestions for nutritional support in the changing room after a match and for a post-match meal.

Food Source

Amount of CHO
Amount
Player Substitute Player Substitute
Fluids 1 litre CHO-
lectrolyt
electrolyte 300ml protein
shake (no CHO) o
OR Fresh fruit juice Water
Wat
1 litre CHO- arer
protein shake
Main Meal

AN

~—
$§9
e

Dessenrt

v v e

2z

NX

Baked wedges
Pizza slices
Sushi
Chicken goujons

& dip

Prawn goujons &
dip

Sliced frittata

Meringue

Fresh pineapple
slices

Chicken goujons
& dip

Prawn goujons &
dip

Sliced omelette

Chicken Kebab

Apple slices

Pasta meal
Curny, rice &
naan

Sweet & sounr
meal

Chicken kebab
& rice

Paella
Cottage pie

Salmon &
mashed potato

Frittata & fries

Jerk chicken,
rice & peas

Sticky toffee
pudding

Banoffee pie
Fruit crumble

Eton mess

Chicken or beef
salad

Prawn stir fry

Chicken kebab with
salad

Bolognaise &
Counrgetti

Omelette & beans

Roast meat &
vegetables

Salmon & roasted
vegetables

No dessent
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values that were typically lower than
sedentary individuals 48-h post-match.
Furthermore, the importance of MD+1 is

emphasised further during periods of fixture
congestion, which  demonstrate increased
volume and intensity of activity due to match-
play (Anderson et al, 2017). Therefore, a
continuation of high CHO intake is advised on MD
+1 since this will continue to top-up muscle
glycogen as well as liver glycogen stores.

However, recent investigations (Gunnarsson et
al., 2013) have shown that glycogen resynthesis
may not be equal in both fibre types, with an
impairment observed in type Il fibres 48-h post
simulated match play. This was despite players
following a high CHO diet supplemented with whey
protein, strengthening the rationale for the
continuation of high CHO for complete
recovery. The muscle damaging effects of
eccentric exercise, characterised in soccer by
dynamic changes of direction and high
intensity accelerations and decelerations, are
suggested to cause the impairment in glycogen
resynthesis seen in type Il fibres (Zehnder et al,,
2004). Therefore, in order to overcome these
impairments, soccer players are advised to
maintain a high CHO diet during the first 24-h
following competition. For this purpose, it is
suggested that around 6-8g/kg is continued
(Collins et al, 2021). Supplementing the CHO
diet with protein has already been discussed
(van Loon et al, 2000) and can Dbe
advantageous. Further nutritional strategies to
support replenishment could be supported with
the addition of creatine. Research suggests that
20 g/day of creatine monohydrate with each

CHO-containing drink over successive

= B

09:00 11:30 12:00-14:00  14:00 14:15

(3-6'kg BMY)

(5-7ml-kg")

@ 5
C -
ko4 Jas}
x I
ok e
= T
s o
[an] o

Water Only
Caffeine
Protein Drink

CHO Drink

(6-8% solution)

days may provide further provision to
increase muscle glycogen alongside a high CHO
diet (Roberts et al, 1988). In this study,

improvements in glycogen replenishment were
observed 24-h post-exercise and over 6 days of
feeding, thereby reinforcing the use of creatine to
further augment muscle glycogen storage as part
of the recovenry strategy.

Conclusions

In light of the evidence presented on match-day
and recovery, Figure 2 below showcases the
nutritional needs and timings around this
competition day, capturing all the important
timepoints to consume food or drink prior to the
match, during the match and for immediate post-
match recoveny.

However, the dietary habits of a soccer player
need to meet the demands of the training and
preparation for match-day as well as a full
recovery. Research highlighted in the current
review suggests that soccer players consume
appropriate amounts of protein, but the
periodisation of CHO intake may be lacking.
Consequently, the need for optimal nutritional

intake throughout the competitive season is
imperative for peak performance. The
communication between the multidisciplinary

team within a soccer club is important to
ensure that players are fuelling correctly for
each training session, the build up to
competition, and not forgetting total recovery.

KickOff HaIfTime FuIITime

. 8506 MR

14:50

15:00-1545 1545 16:40-16:45  17:00 17:15-18:00

CHO, Water

(solid/liquid/gel)

CHO, Water
(solic/liquid/gel 30-60g")

Water during 1st half

(1.5xweight loss)

Recovery Drink and food
Main post-match meal
(10128 kghr)

Figure 2 - Schematic of a typical nutrition scenario for a player undertaking a soccer match starting at 15:00.
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