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Abstract

Introduction

Effective recovery following intense exercise is integral for any athlete to ensure
subsequent performance is optimised (Kellmann, 2010). The aim of this investigation
was to determine the effects of cows milk, goats milk and whey protein on recovery

from repeated sprinting and jumping.
Methods

Thirty-two (n=32) team sport athletes (male n=16; female n=16), participated in an
independent group investigation. Mean (+ SD) height, body mass, and age for male
participants were 181.5 + 6.9 cm, 79.9 + 10.7 kg, 22.8 + 3.5 yr, respectively, and for
females were 164.9 + 5.6 cm, 62.0 £ 8.2 kg, 20.6 + 1.7 yr, respectively. Participants were
equally assigned to a cows milk group (COW), a goats milk group (GOAT), a whey protein
group (WHEY), or an energy-matched carbohydrate group (CHO), with 750 mL of the
allocated fluid consumed following a sprinting and jumping protocol. Assessment of
muscle function (peak torque (60°.s, 180°.s), 5, 10 and 20 m sprint performance,
countermovement jump (CMJ), reactive strength index (RSI), rate of force development
(RFD), creatine kinase, symptoms of stress and soreness and tiredness were recorded

pre- and 24 h, 48 h, and 72 h post-exercise.
Results

Within-group data demonstrated completion of the exercise protocol resulted in
reduced muscle function, increased muscle soreness and tiredness and increased levels
of serum CK. Overall analysis of data reported protein drinks ‘likely’, or ‘possibly’,
attenuated small/moderate losses in muscle function (CMJ, RSI, peak torque, RFD, sprint
performance), to a greater extent than CHO and were more beneficial for limiting
increases in soreness, tiredness and symptoms of stress compared to CHO. However,
effect sizes were small and the benefits observed did not extend across all variables nor

all time points.



Conclusion

When compared to the energy matched carbohydrate group, consumption of 750 mL of
GOAT, COW and WHEY minimised losses for some muscle function variables and limited
increases in muscle soreness and tiredness. Thus, these protein beverages are potential

valuable recovery interventions following exercise involving sprinting and jumping.



CHAPTER 1

INTRODUCTION



1.0 INTRODUCTION

Exercise induced muscle damage (EIMD), was first described by Hough (1902),
demonstrating small tears to muscle fibres resulted in delayed onset of muscle soreness
(DOMS), and increases in serum protein (Sorichter et al., 2001). Associated with this
muscle damage is power and strength loss and impairments of neuromuscular and reflex

actions which can adversely affect performance (Twist and Eston, 2005).

Recovery can be defined as the whole set of processes that result in an athlete’s
renewed ability to meet or exceed a previous performance and further relates to the
time necessary for various physiological parameters, which were modified by exercise
to return to resting values (Hausswirth and Mujika, 2013). Recovery from exercise and
competition is a vital component of the overall exercise training paradigm, and
paramount for high-level performance and continued improvement. Recovery is
typically challenging for athletes undertaking two or more sessions a week, training for
prolonged periods, or competing in a programme that involves multiple training sessions
and games/matches. Between each training session, the body needs to adapt to the
induced physiological stress. A proactive recovery, from a nutritional perspective, means
providing the body with all the nutrients it needs, in a timely and practical manner, to

optimise the desired recovery processes following each session (Beelen et al., 2010).

The application of effective nutritional recovery strategies is a well-established priority
following intense exercise in order to attenuate decrements in subsequent performance
(Beelen et al., 2010; Pritchett et al., 2011; Desbrow et al., 2014), with aspects such as
timing and composition of foods pertinent areas of consideration for optimal recovery
(Maughan and Shirreffs, 2011). Muscle protein breakdown (MPB) and muscle protein
synthesis (MPS) are both stimulated in response to exercise (Maughan and Shirreffs,
2012; McGlory et al., 2017), with the eccentric component of exercise promoting protein
breakdown and decreasing synthesis which can result in muscle damage (Poortmans et

al., 2012; Morton et al., 2015).



To address muscle recovery post-exercise, sufficient amino acid intake is required to
achieve net protein accretion as well as carbohydrate to stimulate insulin release for
efficient uptake of amino acids into the muscle (Kreider et al., 2010; Jager et al., 2017).
Recent research has shown that early intake after exercise (within the first hour) of
essential amino acids from good quality protein sources helps to promote the increase
in protein rebuilding (Aragon and Schoenfeld, 2013). There is evidence to show that
insulin may reduce protein breakdown by having a positive effect on leucine balance
due to its inhibitory effect on leucine transamination (Meek et al., 1998), which in turn
leads to inhibition of protein breakdown (Bgrsheim et al., 2004; Chow, 2006). The
measurement of MPS is useful in conjunction with the other markers of recovery which
include measures of muscle function, perceptual measures of soreness and other useful
serum markers. MPS is a valuable marker for recovery from muscle damaging exercise
giving an insight and understanding of the mechanisms that are involved and occurring
in the muscle (Pasiakos and Carbone, 2014). Therefore, provision of amino acids post-
exercise is necessary to stimulate insulin-signalling and the critical mTOR pathway
necessary to achieve net protein synthesis (Karlsson et al., 2006; Cermak et al., 2012).
Specifically, the consumption of 20 — 25 g of animal protein such as milk/whey is advised
for optimal protein synthesis with leucine amounts greater than 2.2 g (Layman et al.,
2015) recognised as a potent signalling amino acid of the mTOR pathway (Farnfield et
al., 2009; Farnfield et al., 2012).

Carbohydrate requirements before, during and post exercise will depend on a number
of aspects such as the duration and intensity of the session, performance and body
composition goals, as well as the duration of time to recover between sessions (Beck et
al., 2015). To fulfil both the provision of amino acids and glucose for these purposes, the
co-ingestion of protein and carbohydrate is suggested within 30 - 60 min post exercise

(Pritchett et al., 2011).

Whey protein has received considerable attention in relation to performance nutrition

and recovery (Buckley et al., 2010; Howatson et al., 2012). It is water soluble and quickly



digested in the body and, therefore, characterised as a ‘fast protein’ (Dangin et al., 2002;
Tang et al., 2009; Wilborn et al., 2013). Whey is considered a high quality protein (Ha
and Zemel, 2003) recognised for its valuable source of branched chained amino acids
(BCAAs); (Greer et al., 2007; Tang et al., 2009) which are particularly noted for their role
in MPS (Salinas-Garcia et al., 2014; Wolfe, 2017). Additionally, whey protein is
particularly high in the rapidly digested amino acid leucine, which is acknowledged for
its anti-catabolic properties, regulation of protein metabolism and promotion of MPS
(Devries and Phillips, 2015). Studies have reported that post-exercise whey protein
consumption has a positive effect on recovery from eccentric exercise due to its quick
rate of digestion and abundance of essential amino acids which enhance stimulation of
MPS (Tipton et al., 2006; Hulmi et al., 2009; Burd et al., 2012; Townsend et al., 2017).
MPS is part of the recovery process, however, recovery is very complex. Dependent on
the mode of exercise, many other variables may need to be considered such as

inflammation and oxidative stress (Powers and Jackson, 2008).

Cows milk and goats milk fall under the heading 'functional foods' which refers to foods
and their components that may provide a health benefit beyond basic nutrition. The use
of functional foods in enhancing recovery from exercise is, thus, a valid and topical
research area. With growing interest in the relationship between diet and health the
demand for information on functional foods is increasing and it is believed the

information gained from this research study will be highly beneficial.

The scientific evidence supporting the role of milk as an effective recovery option is
increasingly prevalent, with emerging applications including roles in rehydration and
muscle recovery (Shirreffs et al., 2007; Gilson et al., 2010; Lauricella and Koster, 2016).
Milk’s effectiveness is attributed to its natural nutritional composition which assists to
satisfy the key components of recovery. In addition to glycogen replacement and protein
synthesis, another priority for the athlete is to restore fluid and electrolyte balance
(Sawka et al., 2007). Milk contains water, carbohydrate, protein and electrolytes such as

sodium and potassium as well as being a source of essential vitamins and minerals such



as calcium, iodine, phosphorus, riboflavin (vitamin B2) and vitamin B12 which play a
number of important roles in health (Finglas et al., 2015). A recent extensive review
showed that as well as assisting in meeting nutrient recommendations, milk and dairy
products may play a neutral or protective role against the development of chronic
diseases such as obesity, type 2 diabetes, cardiovascular disease and some cancers
(Thorning et al., 2016). Milk has been highlighted in the literature as an effective
recovery option post exercise (Cockburn, 2010). Specifically, 500 mL of semi-skimmed
milk has been demonstrated to attenuate EIMD in males and females (Cockburn et al.,
2008; Cockburn et al., 2013; Rankin et al., 2015), including aspects of team sport
performance, such as agility and sprinting among males (Cockburn et al., 2013) and

females (Rankin et al., 2015).

To date, there has been no previous research on the use of goats milk in relation to
exercise performance. Goats milk is lower in lactose and the softer curd assists digestive
comfort, making it a better choice for those with stomach sensitivities (Park, 2007).
Goats milk contains a higher leucine content than cows milk and accepting that leucine
is @ major amino acid in the stimulation of protein synthesis, theoretically it may be
beneficial in recovery from exercise, especially exercise that induces muscle damage

(Park, 2007).

Therefore, the purpose of this investigation is to examine the effects of cows milk, goats
milk, whey protein and an energy-matched carbohydrate drink on recovery from
exercise indicative of the physiological demands of team field sports. The proposed
research aims to induce muscle damage, fatigue and metabolic stress at a level that is
associated with normal training and competition, utilising similar exercise activities.
Nutritional interventions utilising this type of protocol provides knowledge that may be

valuable for post-exercise recovery and subsequent performance.



CHAPTER 2

LITERATURE REVIEW



2.0 LITERATURE REVIEW

2.1 INTRODUCTION

To provide context, this review of literature discusses the structure, action and
maintenance of muscle. The mechanisms that cause exercise induced muscle damage
(EIMD), the effects of muscle damage and the markers of muscle damage are also
examined. The review then focuses on recovery from muscle damage and nutritional

interventions.

Sport and exercise elicit a number of biochemical, mechanical and physiological
responses in the body and, therefore, it is necessary for sport and exercise participants
to optimise recovery to support subsequent performance at the next competition,
training session or match (Lanham-New et al., 2011). The recovery process is particularly
challenging to manage in team field sports and depends on several contextual factors
such as the training and game schedule. Physical performance recovery takes up to > 48

hours after regular training (Doeven et al., 2018).

Considering the various demands of intense exercise, the necessity of adopting an
effective nutrition strategy to address recovery needs is well established (Thomas et al.,
2016). It is recognised that physical activity, athletic performance and recovery from
exercise are all improved with appropriate nutrition (Rodriguez et al. 2009). Other than
the limits imposed by heredity and training, no single factor plays a greater role in
optimising performance than diet (Aragon and Schoenfeld, 2013). To date, no research
has investigated goats milk in relation to exercise performance or as a post-exercise
recovery drink to maximise recovery. This is the first investigation to determine the
effect of goats milk on recovery from repeated sprinting and jumping in team field sports

athletes and compared to other protein sources (cows milk and whey protein).



2.2 TEAM SPORTS

Team field sports may be described as dynamic, complex, and highly interdependent
activities that require coordination on various levels (Reimer et al., 2006). During high
intensity intermittent team field sports, numerous accelerations and decelerations take
place, with and without changes of direction (Stolen et al., 2005; Bloomfield et al., 2007).
Team field sports require physical and physiological demands that elicit high energy
expenditure and challenge movement patterns as seen in various field sports such as
hockey (Sell and Ledesma, 2016), soccer (Bangsbo et al., 2006) and rugby (Cunningham
etal. 2016).

There is contribution from both the aerobic and anaerobic energy systems in team field
sports performance. Energy system contribution is heavily influenced by the duration of
the movements such as sprint duration (Spencer et al., 2005). Contrary to traditional
perceptions, the aerobic energy system is utilized during shorter bouts of exercise such
as sprinting over 12 - 22 s (Spencer and Gastin, 2001). Spencer et al. (2005) reported a
small aerobic contribution to a single short-duration sprint but an increased aerobic
contribution to repeated sprints. There is also significant anaerobic glycolytic activity
during this type of exercise. Anaerobic glycolysis is associated with the intracellular
accumulation of hydrogen ions, which have been associated with muscular fatigue
(Spriet et al., 1985). During sprint exercise of 10 — 30 seconds duration, anaerobic
glycolysis provided twice as much ATP as PCr degradation (Bogdanis et al., 1996).
Gaitanos et al. (1993) conducted a study investigating muscle metabolism that
simulated the activity patterns that are typically seen in field based team sports. Over
10 repeated sprints separated by 30 seconds of recovery, they reported a significant

reduction in peak power output (PPO) by the fifth sprint.

During soccer match play, 656 accelerations and 612 decelerations were recorded
(Russell et al., 2016). The ability to accelerate, decelerate and change direction
efficiently is imperative to successful team field sports performance (Delaney et al.,

2017). During field based team sports, elite athletes may cover 8 — 14 km at an average



intensity of ~85 —90 % of their maximal heart rate (HRmax) or 75 — 80 % of their maximal
oxygen uptake (VO.max), (Gabbett, 2005; Spencer et al., 2005; Aughey, 2013). Di Salvo
et al. (2007) showed that soccer players perform between 3 and 40 sprints per game. In
professional soccer the mean distance and duration of a sprint are relatively short with
distances rarely exceeding 20 m and typically lasting no longer than 4 s (Andrzejewski et
al., 2015). Marked differences dependent on a player’s position is also a considerable
factor in varying demands. For example, in Gaelic football, a corner forward may engage
in multiple short and sharp, multidirectional movement cuts whereas a midfielder may
demonstrate higher running distances at a lower mean speed and may therefore be
exposed to different physiological and metabolic demands (Bloomfield et al., 2007).
Depending on formation and position on the pitch, a player’s physical activities change

every 4 - 6 s (Andrzejewski et al., 2015).

The demands of team field sports performance, impose physiological stresses and result
in muscle damage with the eccentric loading associated with decelerations being the
biggest contributor to muscle damage (Howatson and Milak, 2009). Therefore, adequate
recovery strategies post-exercise become highly important in ensuring sufficient
recovery is achieved. Resynthesised muscle structure, restored muscle function and
adaptability are essential in preparing for subsequent competition (Reilly and Ekblom,

2005).

2.3 MUSCLE STRUCTURE and MUSCLE CONTRACTION

Skeletal muscle is a dynamic compound of proteins that responds to both internal and
external cues to facilitate muscle adaptation (Meyer and Lieber, 2012) and produces
joint movement to exert force (Cockburn et al.,, 2008). The basic structural and
functional unit of a muscle cell is the sarcomere, which consists of thin filaments of the
protein actin and thicker filaments of the protein myosin. Myofibrils are made up of
sarcomeres, the functional units of a muscle. The function of the myofibril is to perform

muscle contraction via the sliding filament model. Skeletal muscle is made up of a highly



complex protein structure as seen in Figure 2.1, which is responsible for the control of

force generated (Kenney et al., 2012).
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Figure 2.1 Structure of skeletal muscle from the gross to molecular level. Reprinted from Seeley

et al. (2007).

Skeletal muscle is surrounded by the epimysium and contains muscle fascicles (Figure
2.1). Muscle fascicles are made up of muscle fibres that are comprised of myofibrils
which are surrounded by the sarcoplasmic reticulum. Myofibrils are made up of
sarcomeres and the main contractile proteins are actin and myosin (Kenney et al., 2012).
Titin, a structural protein, connects the Z-disc to the myosin filaments and plays a role
in locating thick filaments in the centre of the sarcomere (Morgan and Allen, 1999). Titin
regulates force by binding to calcium upon activation and then by shortening its spring
free length by binding to actin (Armstrong et al., 1983; Ebbeling and Clarkson, 1989).
Desmin is a major intermediate filament protein, mainly located at the periphery of Z-
disc of striated muscles and at the dense bodies of smooth muscle cells, playing an
essential role for the structural integrity and function of muscle (Paulin and Li, 2004).
When a nerve impulse arrives in the muscle, actin is released and binds to the
sarcolemma which leads to calcium ions being released. Calcium binds with troponin

which causes tropomyosin to lift off active sites on actin. Myosin cross-bridges bind to
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actin and the myosin head tilts pulling actin filaments in a power stroke. Calcium is then
pumped back to the sarcoplasmic reticulum and the structure goes back to its original

state (Peake et al., 2005).

2.4 MUSCLE DAMAGE

Eccentric exercise results in skeletal muscle damage that causes a remarkable number
of localised and systemic changes within the muscle (Evans and Cannon, 1991). Muscle
damaging exercise is associated with a number of symptoms. There is a decreased
ability to produce force (Byrne and Eston, 2002; Harrison and Gaffney, 2004; Twist and
Eston, 2005), an increase in intramuscular proteins measured in the plasma (Sorichter
et al., 2001) and a concurrent decrement in physical performance (Assumpgao et al.,
2013). Unaccustomed eccentric exercise, is the most common cause of muscle damage
as the contracting muscle is forcibly lengthened resulting in damage to the muscle fibres,
an acute inflammatory response, pain development and a loss of muscle force
generating capacity (Byrne et al., 2004). Eccentric actions cause muscles to elongate
while under tension due to an opposing force, such as weight being greater than the
force generated by the muscle (Fridén and Lieber, 1992). During an eccentric action, the
actin proteins move away from each other as the myosin cross-bridges attach as a result
of the weight being greater than the force of the muscle, lengthening the sarcomere
(Hessel et al., 2017). Eccentric muscle actions occur frequently in daily activities and
sporting performance (Enoka, 1996) and have been discussed previously in several

studies (Armstrong et al., 1991; Warren et al., 1999; Eston et al., 2000; Allen, 2001;).

EIMD occurs when the nature or magnitude of eccentric force production significantly
changes (Lindstedt et al., 2001). It is generally agreed that there are two prominent signs
of damage in a muscle immediately after it has been exposed to eccentric exercise
(Proske and Morgan, 2001). Firstly, there is disruption to sarcomeres which causes a
shift in optimum length and damage to the excitation — contraction coupling (E-C
coupling) system, which secondly, leads to a fall in tension that is reversible. Therefore,

this fall in tension is a potential mechanism underlying the reductions in force-
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generating capacity (Byrne et al., 2004). The initial or primary damage events that occur
from eccentric exercise may be further subdivided into two possible pathways:

mechanical and metabolic (Armstrong et al., 1991; Clarkson and Ebbeling, 1988).

2.4.1 Primary damage - Mechanical

Damaged muscle fibres initiate a cascade of reactions that result in a prolonged and
complex interaction between protein synthesis and degradation (Sorichter et al., 1999).
These change and peak between 24 and 72 hours by initiated disturbances in Ca?*
homeostasis (Maclntyre et al., 2001). EIMD may increase degradation of the protein and
membrane structures leading to myofibrillar disruption, and the loss of cell membrane
integrity (Armstrong et al., 1991; Evans and Cannon, 1991; Gissel, 2005). Stimulation of
protein synthesis and minimization of protein breakdown (proteolysis) are the two
cellular processes that are essential for muscle recovery after damage (Rennie and

Tipton, 2000).

Mechanical stress refers to muscle damage caused by direct mechanical loading placed
on the muscle fibre (Tee et al., 2007). Eccentric actions can generate more force than
isometric and concentric contractions and require less energy expenditure per unit of
torque (Newham et al., 1983; Hessel et al., 2017). This is because during a concentric
muscle action, one molecule of ATP is used to detach each actin-myosin cross-bridge.
However, during an eccentric action some cross-bridges are forcibly detached due to
the stretching of the muscle fibre, thus using less ATP (McHugh et al., 1999). Eccentric
actions place a stretch upon the sarcomere to the point at which the myofilaments may
experience sarcomere strain, or damage (Proske and Allen, 2005). A main contributor is
the E-C coupling mechanism of the myosin cross-bridges attaching to actin proteins
(Proske and Allen, 2005). The release of Ca%* from the sarcoplasmic reticulum, which
initiates the sliding of actin over myosin proteins, results in part of the sarcomere being
stretched with eccentric actions. This elongation disruption, followed by substantial Ca?*
release, results in disruption of the sarcomeres (Lamb, 2009). Sarcomeres are unstable
on the descending limb of the force - length relationship following active stretching and

it has been concluded that this is the region where sarcomere in-homogeneities develop
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(Morgan, 1990; Morgan, 1994; Allinger et al., 1996; Zahalak, 1997). lIsometric
contractions on the descending limb of the force-length relationship are associated with
sarcomeres of essentially uniform length (Morgan, 1990; Morgan, 1994). Sarcomere
length non-uniformities increase when a muscle is actively stretched compared to the
corresponding isolated isometric contractions (Allinger et al.,, 1996). Repeated
overextension of sarcomeres leads to their disruption. Muscle fibres with disrupted
sarcomeres show a shift in optimum length for tension in the direction of longer muscle
lengths (Proske and Morgan, 2001). When the region of disruption is large enough it
leads to membrane damage. This could be envisaged as a two-stage process, beginning
with tearing of transverse tubules, followed by damage to the sarcoplasmic reticulum

and uncontrolled Ca?* release from its stores.

With the overextension of the sarcomeres during an eccentric contraction, there is a
release of tension from within the sarcomere, often described as “popping” (Morgan,
1990). This is caused by little or no overlap between some of the myosin and actin
filaments, and thus there is elongated tension being placed on the connective tissues
and other proteins in the sarcomere which is beyond their capacity (Armstrong et al.,
1991; Proske and Allen, 2005). Eccentric muscle actions can elicit damage without the
presence of maximal effort. Despite this, more damage is observed when exercise is
maximal and carried out at longer muscle lengths (Peake et al., 2005). Other research
has suggested that the initial event is due to E-C coupling failure (Warren et al., 2001).
Warren et al. (2001) reported that the primary damage arises in the E-C coupling system
and only a small component arises at the sarcomeres. This theory has been supported
from the observation of decreased tension in mouse muscle post exercise, which can be
recovered with caffeine (Warren et al., 1993; Balnave and Allen, 1995). Tension was
recovered with 50 mmol caffeine, which releases Ca?* from the sarcoplasmic reticulum
and develops a contracture in the muscle. In a second study, Allen (2001) used 10 mmol
caffeine to create tension in single fibres in response to direct electrical stimulation. It
was concluded that in mouse fibres, a main contributor to the fall in tension observed
after eccentric contractions is from changes in the E-C coupling system (Allen, 2001).

However, it is still unclear which comes first, E-C coupling failure or sarcomere
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disruption. The sarcomere non-uniformity hypothesis predicts that damage will only
occur if sarcomeres are actively stretched to beyond optimum length (Proske and
Morgan, 2001). Observations by Takekura et al. (2001) reported four obvious
ultrastructural changes in the arrangement of the transverse tubules and the disposition
of triads after downhill running. The main difficulty is trying to account the reason why
transverse tubules should be the primary site for damage and why this only occurs at
lengths beyond the optimum. Proske and Morgan (2001) speculated that disruption to
the sarcomere and membrane leads to damage of the E-C coupling system and thus

force loss.

2.4.2 Primary Damage - Metabolic

Metabolic damage refers to muscle damage caused by metabolic deficiencies in the
muscle (Tee et al., 2007). Metabolic muscle damage can result from ischaemia or
hypoxia during exercise of a prolonged duration (Armstrong et al., 1983; Ebbeling and
Clarkson, 1989). Ischaemia is thought to cause changes in ion concentration, metabolic
waste accumulation and ATP deficiency, which ultimately results in muscle damage
(Clarkson et al., 1986). Comparisons of uphill and downhill running, highlighted a higher
metabolic cost in plasma creatine phosphokinase (CPK) and no evidence of damage in
uphill running in comparison to downhill running which displayed a high incidence of
damage at a lower metabolic cost (Schwane et al., 1983). Beltman et al. (2004) showed
a reduced metabolic cost during electrically stimulated lengthening contractions when
compared with concentric and isometric contraction in rats. In light of this, metabolic
factors tend not to be a basis for EIMD occurring from eccentric exercise and may be

limited to exercise of a long duration exceeding 45 minutes (Proske and Morgan, 2001).

2.4.3 Secondary Damage

The secondary events that follow the primary phase, result in increased damage to the
muscle following the exercise bout, with increased protein degeneration and change in
myofibrillar protein metabolism rate (Howatson and Van Someren, 2008). Impairment

to the sarcolemma or sarcoplasmic reticulum occurs which may lead to increases in
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intracellular Ca?* concentration and consequently initiate a number of degradative
pathways (Cockburn et al., 2010). The influx of Ca?* results in further damage to the
sarcoplasmic reticulum and myofilaments (Warren et al., 2001; Gissel and Clausen,
2001) causing the activation of proteolytic and lipolytic pathways that lead to
degradation of the cell membrane (Armstrong et al., 1991). Overgaard et al. (2004)
demonstrated an increase in cellular Ca?* accumulation following long distance running
and noticed a significant increase in cellular Ca?* at 20 km (Overgaard et al., 2004). Thus
the duration of exercise may have an impacting factor even without significant eccentric
loading. The loss of integrity from the membrane allows for leakage of intramuscular
proteins which are evident in the blood days after (Proske and Morgan, 2001). Increased
levels of Ca?* activate calcium dependent proteases such as calpain which disrupt the
integrity of Z-discs damaging the membrane and sarcoplasmic reticulum allowing
further influx of Ca%* (Allen, 2001; Gissel, 2005). Goll et al. (2003) previously reported
that calpain plays a significant role in myofibrillar protein degradation, especially in the

disassembly of the myofibril during early stages of turnover.

Raastad et al. (2010) observed increased calpain activity in the exercised leg post 30
minute isokinetic eccentric exercise. These levels of total calpain remained increased in
the exercised leg for 7 days (Raastad et al., 2010). A result of calpain involvement with
Z-disc disruption, there is separation of desmin. Desmin links adjacent Z-discs together
and when it is separated there is an increased chance of damage (Yu et al., 2004). Titin
is a known substrate of calpain (Goll et al., 2008). Titin is an elastic filament that anchors
thick filaments to Z-discs (Allen, 2001), therefore, its loss would lead to sarcomere
disruption (Proske and Morgan, 2001). Calpain may lead to early disruption of the
muscle fibre and is responsible for the initial breakdown of proteins but could also lead
to further degradation of the muscle via other processes (Cockburn et al., 2010).
Eccentric actions have been shown to stimulate increases in intracellular Ca?*
concentration which in turn stimulates a number of other degradative pathways, either
directly or indirectly. The ubiquitin-proteasome pathway (Ub-P) completes the
breakdown of these proteins. This pathway involves activation of ubiquitin by cytokines

and interleukins from activated macrophages, thus playing an important role in the
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accelerated breakdown of myofibrillar proteins (Lecker et al., 1999). The pathway for
stimulating the Ub-P system is activated during EIMD (Cockburn, 2010). An
inflammatory reaction also occurs with a rise in white blood cell count after exercise.
There are increased cytokines, macrophages and histamines which all stimulate free
nerve endings in the muscle (Peake et al., 2005). Disruption of calcium homeostasis
results in cell necrosis, thus decreasing glycogen storage capabilities which may impact

subsequent exercise performance (Tee et al., 2007).

2.5 MARKERS OF MUSCLE DAMAGE

2.5.1 Direct markers of muscle damage

Direct assessment of muscle damage is difficult because it is only possible through
analysis of muscle biopsies or through magnetic resonance imaging (MRI) (Clarkson and
Hubal, 2002). The problems inherent in muscle biopsy analysis are obvious in that such
a small and very invasive sample is used to estimate damage in an entire muscle which
leads to overestimating or underestimating the extent of the damage (Clarkson and
Hubal, 2002). Imaging techniques have been used to assess damage in whole muscle.
Although this is a non-invasive technique, the significance of the changes in the images

is still unclear.

Eccentric exercise usually results in cellular and subcellular disturbances, particularly Z-
disc streaming (Clarkson and Hubal, 2002). Direct markers of muscle damage include
damage to the sarcomere observed from muscle biopsy samples (Newham et al., 1983).
There is ultrastructural evidence of disrupted sarcomeres with other sarcomeres
remaining intact (Fridén et al., 1981; Newham et al., 1983), distributed throughout the
muscle (Talbot and Morgan, 1996) and significant Z-disc streaming (Fridén et al., 1983;
Lieber and Fridén, 1999). The excessive tension placed upon passive structures such as
desmin and titin as a result of repeated eccentric actions may lead to failure of the
structure and reduction in the muscles ability to generate force (Proske and Morgan,
2001; Clarkson and Hubal, 2002; Tipton, 2011). Fridén et al. (1983) proposed that the Z-

discs are the ‘weak link’” in the myofibrillar chain.
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Fridén et al. (1981) provided some of the first evidence of muscle fibre damage in
humans after exercise. Participants performed repeated stair descents, and biopsies of
the soleus muscle were collected two and 7 days later. The biopsy analysis showed
myofibrillar disturbances and Z-disc streaming. In a follow-up study, Fridén et al. (1983)
examined muscle samples taken one hour, three days, and 6 days after a backwards
cycling exercise and reported that 32 %, 52 %, and 12 %, respectively, of the observed
fibres showed evidence of local disturbance. Findings of Newham et al. (1983) concurred
with those of Fridén et al. (1983) in that biopsy samples collected 24 — 48 h after exercise
showed greater damage than those taken immediately after exercise, suggestive of the

secondary phase of damage.

Newham et al. (1983) compared muscle biopsy samples of the quadriceps following
concentric and eccentric actions during bench stepping. They observed no abnormalities
in samples from the concentrically exercised leg but observed many disrupted
sarcomeres as well as disorganised myofilaments and Z-disc streaming immediately
after eccentric exercise. The force loss associated with eccentric exercise is said to be an
outcome of the amount of structural damage caused within the muscle as a result of the
exercise performed (Proske and Morgan, 2001). Nevertheless, biopsies are specific only
to a small area of investigation and, therefore, may not represent the universal extent
of damage to the muscle groups exercised. Indeed, the biopsy procedure may itself

cause damage to muscle fibres (McHugh 2003).

MRI has been a powerful tool to gain understanding of what is occurring in the entire
muscle (Clarkson and Hubal, 2002). Mair et al. (1992) examined the relationship
between changes in MRI and changes in other indices of muscle damage (i.e. myoglobin
concentrations) after eccentric contractions of the knee extensors. The T2 relaxation by
which the transverse components of magnetization (Mxy) decay or diphase revealed
peak increases at 6 days post-exercise which occurred later than peak soreness

development. These data showed that strength was being restored and soreness was
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dissipating while the signal intensity was increasing. Nurenberg et al. (1992) revealed
that ultrastructural damage assessed from MRI-guided biopsies correlated significantly
with increased MRI signal intensity 48 h after downhill running. MRI has been useful in
assessing which exact muscles have been damaged after the exercise (Clarkson and
Hubal, 2002). Changes in MRI signal intensity have been discovered after eccentric
exercise and are taken to indicate muscle edema, yet these changes, which can last up

to one month, are not fully understood.

2.5.2 Indirect markers of muscle damage

As a result of the invasive nature and inherent errors in using the biopsy technique and
the lack of knowledge of exact mechanisms MRI assessments display and inform, several
investigators have used indirect measures to assess damage. Indirect indices of muscle
damage such as assessment of delayed onset muscle soreness (DOMS), muscle force
production, swelling, perception of pain, range of movement (ROM), and serum markers
of muscle damage have been utilised in many studies (Lavender and Nosaka, 2008; Saka
etal., 2009), as have blood chemical markers of inflammation and stress such as creatine
kinase (CK); (Chen and Hsieh, 2001). These additional measures can assist in quantifying

and substantiating muscle disturbance parameters.

2.5.2.1 Serum marker — Creatine Kinase

CK is an intramuscular protein found in the mitochondria of tissue that demands a high
amount of energy. There are 2 specific types of CK (Mt- CK) — ubiquitous (brain, smooth
muscle and sperm) and sarcomeric (cardiac and skeletal muscle). Myofibrillar CK-MM is
bound to the M-line of the sarcoplasmic reticulum of myofibrils and is also found in the
space of the I-band sarcomeres providing support for muscle energy requirements
(Heled et al., 2007). CK serum levels change in accordance with different exercise
protocols and intensity (Klapcinska et al., 2001). Weight bearing exercises which include
eccentric actions such as downhill running elicit the greatest increases in muscle CK
levels (Malm et al., 2004). Raised serum CK levels may be a consequence of both

metabolic and mechanical stresses or local tissue damage with sarcomeric degeneration
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from Z-disc fragmentation (Brancaccio et al., 2007). When exercise intensities reach a
high level, there is an increase in muscle membrane permeability as a result of damage

to the membrane and enzymes released (Brancaccio et al., 2007).

CK is one of the most common blood serum proteins examined to identify muscle
damage (Brancaccio et al., 2007). However, analysis of muscle proteins in the blood
provides only a qualitative indicator of damage, and the changes observed demonstrate
a large inter subject variability (Clarkson and Hubal, 2002). The level of any protein in
the blood is a function of both what is being released from the damaged tissues and
what is being cleared from the blood (Baird et al., 2012). The time of CK release into and
cleared from plasma depends on the level of training, type, intensity and duration of
exercise (Brancaccio et al., 2007). CK may be higher in individuals with greater muscle
mass (Mastaloudis et al., 2006) or during times of high force, pure eccentric exercise
(Rodenburg et al., 1993). Of relevance, Clarkson and Ebbeling (1988) discovered no
correlations between the increase in CK and loss of muscle force, which is a more

practical measure of the ability of the muscle to perform.

Hyatt and Clarkson (1998) discovered the release of CK following eccentric exercise
peaked 96 h post-exercise and a subsequent additional bout of exercise produced only
small increases. Similar findings were recorded by Clarkson and Hubal (2002) post
muscle damaging exercise, thus, 96 h may not be sufficient time for adequate recovery
to be achieved. Daily training may result in persistent elevated CK levels among athletes
and thus higher resting CK levels compared to those that are untrained (Kratz et al.,
2002). Individuals who regularly participate in high-volume, intense exercise, tend to
have significantly raised base levels of CK compared to sedentary and moderately
exercising individuals (Chevion et al., 2003). Fielding et al. (2000) reported that serum
CK levels were affected by hydration status prior to eccentric exercise and varied within
subject groups of comparable male volunteers, whilst muscle biopsies revealed similar
ultrastructure damage to Z-disc muscle fibres. Furthermore, muscle soreness did not

differ between groups regardless of CK levels.
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Protocols using electrical stimulation may induce higher CK responses (Brown et al.,
1997) with peaks occurring between 24 and 72 h post exercise. However, previous
research has observed plasma CK activity may not be a reliable index of microscopic
injuries that occur to muscle fibres that are not conditioned for eccentric activity
(Fielding et al., 1993). MaclIntyre et al. (2001) revealed downhill running to result in low
concentrations of CK (<1000 IU). Similarly, following eccentric actions of knee extensors
(Eston et al., 1996) CK levels remained low (125 — 131 IU). Nevertheless, there are
studies that demonstrated very high concentrations of CK (>10,000) post eccentric
exercise (Newham et al., 1983; Nosaka and Clarkson, 1996). There is high variability
among these studies and one factor responsible for this may be whether individuals are
high or low responders, taking into account training level, muscle size and/or genetics

(Brancaccio et al., 2007).

The mechanisms by which CK is cleared from the blood has not been fully elucidated
and it is likely that observed serum CK levels reflect complex interactions associated with
energy status and scale of muscle disturbance (Baird et al., 2012). Thus, measured serum
CK will reflect relative amounts of CK released, degree of enzyme activity of released CK,
and the rate of clearance of CK from the serum (Clarkson et al., 2006). While CK is
typically used as a marker of muscle damage, it has limited use as a marker of overall
recovery as it does not correlate well with muscle function (Nosaka et al., 2002).
Individuals can have high CK concentrations while their muscle function is maintained

or returning towards pre-exercise concentrations (Chevion et al., 2003).

Daily training may result in persistent elevated CK concentrations among athletes and
thus higher resting CK concentrations compared to those that are untrained (Kratz et al.,
2002). Young adult males have high CK concentrations which decline slightly with age
(Borges and Essén-Gustavsson, 1989). Lower concentrations have been reported in
females as a result of oestrogen potentially playing a protective role in maintenance of

membrane stability, limiting CK leakage from damaged muscle post exercise (Tiidus,
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2000). With this in mind, caution is needed when using CK as a marker to assess muscle

damage.
2.5.2.2 Peak Torque

Warren et al. (1999) suggested that the best measure for measuring muscle damage is
post exercise muscle function. The ability for an athlete to perform at their highest
functional capacity following eccentric exercise proves difficult with the muscle damage
inflicted from this type of exercise. An athlete’s force producing capability is affected by
their ROM, velocity, activation, muscle length and bout duration, and eccentric exercise
will impact on each of these. Peak torque is a reliable and effective indirect measure of
muscle damage after eccentric exercise (Margaritelis et al., 2015). In addition to the
impact of structural damage on the ability to generate force, peak torque is affected by
an individual’s fatigue and pain status. Thus, the ability to reach peak torque can prove
difficult with tiredness and DOMS following physically demanding eccentric exercise
(Eston et al., 1996). Peak torque has been shown to reduce significantly 30 min to 48 h
following eccentric exercise, with the largest decrements occurring between 24 and 48

h post exercise (Eston et al., 1996; Twist et al., 2008; Cockburn, 2010).

Maximal voluntary isometric contraction (MVIC) is a commonly used marker for muscle
damage (Tseng et al., 2016). In general, isometric strength is lower immediately post
eccentric exercise (within one hour) and recovery is gradual and prolonged (Byrne et al.,
2004). Previous studies have reported decreases in MVIC following eccentric exercise
(Harrison and Gaffney, 2004; Prasartwuth et al., 2005; Marginson, 2005; Howatson and
Milak, 2009). Hesselink et al. (1996) also reported a decline in maximal isometric torque
after both isometric and eccentric exercise. However, the decline after eccentric
exercise was more pronounced. Isokinetic tests have been used to investigate whether
strength loss after eccentric EIMD is dependent on the muscle action being performed
(Twist and Eston, 2005). Previous research has reported isokinetic peak torque is

decreased following eccentric exercise (Eston et al., 1996; Jakeman and Eston, 2013).
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2.5.2.3 Rate of force development

Rate of force development (RFD) is the ability to rapidly develop muscular force and can
be measured as the slope of the torque—time curve obtained during isometric conditions
in the early phase of muscle contraction (0 — 200 ms); (Andersen and Aagaard, 2006).
Increased RFD has been reported in explosive type exercise as a result of neural
adaptations (Van Cutsem et al., 1998). However, following eccentric exercise, significant
reductions in RFD lasting at least 48 h have been reported (Molina and Denadai, 2012).
Studies that have examined the effects of EIMD on the torque—velocity relationship are
open to more than one interpretation (Twist and Eston, 2005). Eston et al. (1996)
support the notion that type Il fibres may be selectively damaged during eccentric
exercise. EIMD has an effect on the body’s capability to generate power. The potential
loss of concentric and eccentric strength at high angular velocities has implications for
athletic performance. There may be a decrease in the rate of force development

following sub-maximal stretch-shortening exercise (Twist and Eston, 2005).

2.5.2.4 Vertical Jump

Vertical jump height is commonly used when assessing performance in team based field
sports (Gabbett, 2006). Vertical jumps including squat, countermovement and drop
jumps are commonly used measures as markers of muscle damage (Byrne and Eston
2002). The use of these different vertical jumps allows researchers to examine the effect
of EIMD on the stretch-shortening cycle (Cockburn et al., 2008). Mike et al. (2017)
reported longer eccentric contractions negatively impacted explosive movements such
as the vertical jump whereas shorter eccentric contractions initiated greater amounts of
soreness. Byrne and Eston (2002) observed decrements in all forms of vertical jump
performances from 1 h to 72 h post eccentric exercise. These findings are consistent
with Harrison and Gaffney (2004) and Marginson (2005). Previous research investigating
all three vertical jumps have found that squat jumps are affected to a greater extent
than either countermovement and/or drop jumps (Harrison and Gaffney, 2004). It has

been proposed that the slow stretch phase used during countermovement and drop
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jumps may provide potentiating mechanisms that attenuate the detrimental effects of

EIMD (Byrne and Eston, 2002), thus, reducing decrements in performance.

2.5.2.5 Reactive Strength Index

Reactive strength index (RSI) is a measure of an athlete’s ability to utilise the stretch
shortening cycle and provides a measure of dynamic muscle actions that can be related
to sports involving multi-directional movements such as running and jumping (Young et
al., 1995). RSl is derived by calculating jump height divided by ground contact time
during the drop jump (DJ). The DJ has previously been used as it is the only plyometric
exercise with an identifiable ground contact time (Ebben and Petushek, 2010). The RSI
was developed to assess an athlete’s performance during plyometric activities by
measuring the muscle-tendon stress and their reactive jump capacity (Flanagan et al.,
2008). RSl demonstrates an athlete’s ability to rapidly change from an eccentric motion
into a concentric muscular contraction and is an expression of their dynamic explosive
vertical jump capacity (Young et al., 1995; Flanagan et al., 2008). The incremental DJ-RSI
can also be used to provide recommendations for an athlete’s optimal drop height for
plyometric exercises (Flanagan and Comyns, 2008). RSI appears to be linked with
acceleration, agility and change of direction speed. Jump height and flight time can both
be used to measure RSI. The ground contact time of the RSI test is an important
parameter for test selection and when interpreting results. Technical proficiency may
significantly affect the reliability of the test data (Flanagan et al., 2008). A number of
investigations have reported decreases in RSI following eccentric exercise (Harrison and
Gaffney, 2004; Comyns et al., 2011; Cockburn et al., 2013; Rankin et al., 2015).
Furthermore, RSI remained below baseline levels 48 — 72 h post exercise (Cockburn et

al., 2013; Rankin et al., 2015).

2.5.2.6 Sprint Time

Field sports require bouts of high-intensity, intermittent, repeated sprint activity over

short distances incorporating accelerations and decelerations (Sirotic and Coutts, 2007).
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Mean sprint duration in field sports is generally 2 - 3 s over a distance of no more than
20 m (Spencer et al., 2005). It has been reported that intermittent sprint performance
results in muscle damage (Thompson et al., 1999). Twist and Eston (2005) assessed the
effects of EIMD on maximal intermittent sprint performance. Ten healthy male
participants performed a plyometric, muscle damaging protocol including sprints and
vertical jumps. All variables were measured immediately before and at 30 min, 24, 48
and 72 h post exercise. Peak power was lower than baseline at all times. Sprint times
were higher at 30 min, 24 h and 48 h compared to baseline. Values returned to normal
at 72 h. Overall, data revealed that, following a plyometric, muscle-damaging exercise
protocol, the ability of the muscle to generate power is reduced for at least 3 days.
Subsequent investigation by Twist and Eston (2005) reported the ability to generate PPO
during a Wingate test and the ability to sprint over 10 m from a standing start were
reduced at all-time intervals following the plyometric exercise protocol. Highton et al.
(2009) examined the effects of EIMD on agility and sprint performance over 5 and 10 m
at baseline and then 24, 48 and 168 h following muscle-damaging exercise. They
reported reduced sprint performance following EIMD with peak decrements occurring
at 48 h. These studies provide evidence that performance of activities requiring rapid

generation of force such as sprinting is impaired following muscle-damaging exercise.

2.5.2.7 Muscle Soreness/Tiredness

Following exercise involving eccentric muscle actions, muscle soreness is evident
(Cockburn, 2010). The mechanisms, treatment strategies, and impact on athletic
performance remain uncertain, despite the high incidence of DOMS (Cheung et al.,
2003). Increases in soreness have been reported following isolated eccentric exercise
(Armstrong, 1990; Nosaka and Clarkson, 1995), downhill running (Eston et al., 1995;
Byrnes et al., 1985), jumping (Nosaka and Kuramata, 1991; Byrne and Eston, 2002;
Marginson et al., 2005) and sprinting (Thompson et al., 1999; Howatson and Milak,
2009). These studies measured soreness using a 200 mm visual analogue scale (VAS)
with ‘no soreness’/ ‘0’ and/or ‘unbearably sore’/ ‘10’ anchored at each end of the scale.
Previous studies using sprinting and jumping protocols to induce muscle damage

reported elevations of soreness at 24 h and 72 h post eccentric exercise with a peak at
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48 h (Howatson and Milak, 2009; Rankin et al., 2015) and responses remaining elevated
at 72 h (Howatson and Milak, 2009; Marginson, 2005). Muscle soreness mechanisms
have been investigated in many studies, which have previously been reviewed (Cheung
et al., 2003). Tissue edema and inflammation are two mechanisms which have been
associated with DOMS (Maclntyre et al., 1995). Tissue edema may lead to stiffness and
increased sensitivity to muscle receptors causing pain (Cockburn, 2010). Milias et al.
(2005) reported strong correlations between markers of inflammation and soreness at
2 hand 24 h following eccentric exercise. However, muscle soreness generally does not
correlate well with other indicators of eccentric EIMD and inflammation (Warren et al.,
1999; Malm et al., 2000), thus, caution is needed when measuring soreness as a marker
of muscle damage (Nosaka et al., 2002). Nevertheless, an athlete’s perception of
soreness may give an indication of their overall wellbeing and psychological state to

perform exercise and thus is an important factor to consider.

There has been no systematic study of all of these markers together, so there is
uncertainty about their relationship to one another in time course or extent of
appearance in the blood. This is further complicated by the fact that the two types of
exercise predominantly used to study muscle damage, downhill running and high force
eccentric muscular contractions, show very different and varied results (Nosaka and

Clarkson, 1996).

2.5.3 Perception of Recovery

The Daily Analysis of Life Demands for Athletes questionnaire (DALDA), developed by
Rushall (1990) was designed to monitor the signs and symptoms of stress. The effects of
training stress can have a big effect on physiological and subjective markers of an athlete
(Freitas et al., 2014). The results of a DALDA questionnaire give a perception of recovery
among athletes with individual responses indicating how well they perceive they are
recovering from the exercise trial regarding physical recovery, energy levels, stress
levels, enthusiasm and motivation (Robson-Ansley et al., 2007; Gomes et al,. 2013).

Witard et al. (2011) reported the increase in dietary protein consumed by cyclists during
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and after a period of intensified training had a positive effect on markers of stress as
measured by DALDA. The DALDA may also be a useful tool for developing an athlete’s
self-awareness to exercise and performance (Robson-Ansley et al., 2009). The subjective
reporting of DALDA has been shown to be a reliable indicator of adaptation to training
load and may prove to be more practical and reliable than physiological and biochemical

tests (Rushall, 1990).

2.6 NUTRITIONAL INTERVENTIONS

Consumption of macronutrients post exercise particularly carbohydrate and protein are
important in the early recovery phase after exercise. The combined ingestion of
carbohydrate and protein during recovery from exercise forms an effective strategy to
stimulate MPS, inhibit protein degradation creating a positive net muscle protein

balance (Koopman et al., 2007).

2.6.1 Protein

Unlike other macronutrients, provision of fuel is not the primary function of protein. The
body can store substantial amounts of carbohydrates and fats but once protein is
consumed it must be used (Tipton et al., 1999). Protein is responsible for many
processes in the body including enzyme function and neural adaptations (Molfino et al.,
2017). When apportioning body composition, skeletal muscle including fat mass and
lean body mass and bone, protein is the constituent that makes up all of those structures
(Phillips and Van Loon, 2011). Protein is made up of amino acids which are the building
blocks of muscles and body (Macnaughton et al., 2016). Without protein, it would be
impossible to build, repair and even maintain muscle (Macnaughton et al., 2016).
Muscle proteins are constantly being turned over, broken down, degraded and
resynthesized (Tipton et al., 2018). The balance between the rates of synthesis and
degradation, known as net muscle protein balance (Tipton et al., 2006), determines the
amount of protein that is in the muscle (Tipton et al., 2018). Changes in the breakdown
and synthesis of muscle are also crucial for repair and remodelling of muscle proteins

following exercise (Witard et al., 2016). The breakdown of muscle in response to
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exercise is an extremely important part of the adaptive process for remodelling and
reconditioning of muscle proteins (Macnaughton et al., 2016; Witard et al., 2016). While
breakdown of muscle is important for adaptation, the negative effects on muscle
function may negatively impact performance. Immediate intake of protein post exercise

has shown an increase in net protein synthesis rate (Levenhagen et al., 2001).

2.6.1.1 Protein synthesis, metabolism and breakdown

Exercise has a profound effect on muscle growth and anabolism, which can only occur if
muscle protein synthesis is greater than muscle breakdown (Tipton et al., 1999).
Stimulating protein synthesis and minimising protein catabolism are two cellular
processes that are essential for recovery after muscle damage (Rennie and Tipton,
2000). Delivering a constant supply of protein to the body throughout the day is
essential for optimum growth. Since many elite athletes perform multiple daily training
sessions, sufficient recovery for the maintenance of quality training output is essential
(Gee et al., 2012). Strategies promoting a positive net protein balance during the day to
increase the rate of protein synthesis and muscle regeneration post exercise should be
integrated into an athlete’s schedule (Cooke et al., 2010). The provision of adequate
nutrition is required to confer a positive protein balance reflective of both the synthesis
and the breakdown of muscle following the exercise stimulus to increase myofibrillar
protein synthesis rates (Tang et al., 2009; Tipton et al., 2018). Therefore, the
consumption of sufficient amount of high quality protein following exercise is essential

for muscle repair, synthesis and remodelling.

Proteins are constantly being turned over in the body (Witard et al., 2016). Protein
synthesis and breakdown are influenced by many factors including age, fitness, sex,
hormones, health and diet (Rennie and Tipton, 2000). The gains and losses in lean body
mass are due to acute and chronic imbalances in protein turnover (Molfino et al., 2017).
The protein turnover rate and the size of the protein pool vary substantially among
athletes (Poortmans et al., 2012). Essential Amino Acids (EAAs) stimulate increased rates

of MPS (Yang et al., 2012). Acute feeding and fasting time periods influence protein
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synthesis and breakdown of proteins (Morton et al., 2015). Amino acid provision from
direct protein feeding alone stimulates MPS above basal rates (Morton et al., 2015;
Macnaughton et al., 2016). It is well established that in the absence of protein feeding
post exercise, net protein synthesis is low and muscle may actually be in negative protein
balance (Tipton et al., 1999; Elliot et al., 2006). It has been proposed that MPS is
maximised in young adults with an intake of ~20 — 25 g of a high-quality protein; anything
above this amount is believed to be oxidized (Morton et al., 2015). Moore et al. (2009)
investigated the effect of 0, 5, 10, 20 or 40 g of egg protein consumption post-exercise
in 6 healthy, active males with previous experience of recreational weight-lifting after
performing an intense bout of bilateral, leg-based resistance exercise. Moore et al.
(2009) demonstrated that 20 g of protein was sufficient to maximally stimulate MPS.
These results were replicated by Witard et al. (2014) after 48 healthy, active male
participants who also had previous experience of recreational weight-lighting
performed an intense, unilateral leg-resistance exercise bout and then ingested a 500
mL solution that contained 0, 10, 20, or 40 g of whey protein isolate and demonstrated
20 g to be the most substantial for MPS stimulation. This amount of protein includes 3 g
of leucine and 8 — 10 g of EAAs which is thought to be the optimal amount (Wilson and
Wilson 2006). Greater amounts of leucine result in a plateau in MPS and there is a
marked stimulation of whole body leucine oxidation and no further increase in protein
synthesis (Tang et al., 2009; Wolfe, 2017). However, Macnaughton et al. (2016)
demonstrated 40 g of protein resulted in greater protein synthesis than 20 g of protein
following whole body resistance exercise in 30 resistance-trained males. This may be
due to the fact that when larger muscle groups are trained, a higher protein intake may
be required especially in young adults possessing greater amounts of muscle mass.
However, with the current doses of ~20 - 25 g daily consumption of protein, the total
amount of lean body mass (LBM) did not seem to influence the response of MPS
(Macnaughton et al.,, 2016). Methodological variances and the amount of muscle

activated between studies may offer some explanation for differences found.

The timing, type and total amount of protein are key factors in relation to protein

consumption and the effect on MPS (Macnaughton et al., 2016). The timing of protein
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for optimal recovery is highly important and in particular when consuming post-
eccentric exercise resulting in muscle damage (Cockburn, 2010). Protein ingestion elicits
an increase in aminoacidemia that stimulates rates of MPS (West et al., 2011). West et
al. (2011) examined the effect of rapid aminoacidemia on protein synthesis post
exercise. Greater enhances in MPS and anabolic signalling were observed after an intake
of a large single bolus of whey protein in comparison to small pulse amounts fed
repeatedly over a certain time period. Willoughby et al. (2003) reported an upregulation
of the Ub — P pathway at 48 h following an eccentric exercise bout. Therefore, consuming
protein as soon as possible after EIMD may support myofibrillar protein synthesis and

facilitate recovery (Eddens et al., 2017).

There is a dose-dependent relationship between amino acid (Bohé et al., 2003;
Cuthbertson, 2004) and protein provision and MPS (Moore et al., 2009). Some studies
have looked at protein branching and amino acids (Bianchi et al., 2005; Greer et al.,
2007; Howatson et al., 2012). Exercise and amino acids seem to have complementary
effects on MPS (Tipton et al., 2001). The normal post-exercise increase in muscle protein
breakdown was attenuated when amino acids were infused after an eccentric exercise
bout. Tipton et al. (2001) reported that oral provision of amino acids was just as effective
as infusion for developing net muscle protein synthesis after resistance exercise. A
distribution of 3.5:1, CHO:PRO ratio was noted as particularly effective to stimulate MPS,
which is required for optimal muscle recovery (Lunn et al., 2012). Ferguson-Stegal et al.
(2011) suggested the insulin response from CHO ingestion as well as amino acid
provision for effective MPS stimulation improved performance by facilitating muscle
adaptation to exercise. The provision of essential amino acids, particularly leucine and
branched chained amino acids (BCAAs) are recognised for effective MPS (Wolfe, 2017).
BCAAs are a group of EAAs that are a key substrate for protein synthesis and recovery
(Churchward-Venne et al., 2014). In conditions of protein mass loss and catabolism,
BCAAs are thought to preserve muscle mass (Bianchi et al., 2005) and are extremely
important for protein synthesis in the hours immediately after ingestion. Continued
provision of EAAs has been demonstrated to reduce muscle soreness and damage and

may contribute to long-term recovery from eccentric exercise (Nosaka et al., 2006).
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High quality protein such as whey contains a large concentration of BCAAs. BCAAs
appear to elicit similar mTOR signalling as occurs in response to intact whey and casein
hydrolysate when provided during resistance exercise (Hulmi et al., 2010). However,
research has shown only leucine is required to induce protein synthesis and mTOR
signalling (Atherton and Smith, 2012). The quality of protein is also an important
consideration with a particular emphasis on leucine threshold. The amino acid leucine is
a building block and also a trigger for protein synthesis by activating the m-TOR pathway
(Churchward-Venne et al., 2012). It is believed that the trigger stimulus of leucine
elevates MPS as it delivers protein into the muscle in a relatively quick fashion (Atherton
et al., 2010). Research has found whey protein to have the highest leucine count
increasing the rate of protein turnover and ultimately protein synthesis (Phillips, 2016).
MPS is also reliant on sufficient calorie intake and thus, if there is calorie deficiency,

specific protein content may not necessarily matter (Atherton and Smith, 2012).

2.6.1.2 Whey Protein

Both casein and whey are milk proteins but whey remains soluble in the stomach and
empties more rapidly in the small intestine than casein (Weinert, 2009). Consequently,
whey, is considered a ‘fast’ protein and casein, a ‘slow’ protein as it coagulates in the
stomach and is emptied at a slower rate, allowing for a more prolonged rise in levels of
plasma amino acids (Tipton et al., 2004). Whey protein has been found to elevate
plasma and intracellular leucine levels greater than casein (Tipton et al., 2004; Tang et
al., 2009). Greater circulating concentrations of leucine after ingestion of whey protein,
compared with casein protein are associated with elevated rates of MPS (Pennings et
al., 2011). Studies have identified a strong relationship between peak leucine
concentrations and MPS (Burd et al., 2012; Pennings et al., 2011; Phillips, 2014). Whey
protein is readily digested, rapidly increasing amino acid availability, thereby making it
ideal to consume post exercise (Pasiakos et al., 2014). Whey protein and casein protein
possess different patterns of amino acid release which lead to differential levels of
protein synthesis and protein breakdown (Kerksick et al., 2006). Whey protein provides

a post exercise insulin response such that net protein balance can be slightly smaller and
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glycogen resynthesis occurs more rapidly, thus, the recovery from exercise may be

enhanced (Hulmi et al., 2010).

Protein recommendations must consider factors known to regulate amino acid
utilisation for muscle remodelling; timing, pattern, co-ingestion, source, dose
(MacNaughton et al., 2016). High quality protein such as whey, effectively stimulates
the synthesis of myofibrillar and sarcoplasmic protein tractions in muscle under resting
conditions and in response to resistance exercise (Moore et al., 2009). Whey protein, in
hydrolysate form (pre-digested), compared to placebo and whey protein has been
shown to accelerate recovery of muscle force generating capacity following eccentric
exercise (Buckley et al., 2010). Fast absorbing hydrolysed whey protein, which has free
amino acids, needs to be ingested both immediately following the exercise bout, and in
the days during recovery in order to maximise protein synthesis (Cooke et al., 2010).
Nutritional mixtures containing whey protein hydrolysate (WPH) greatly augment
plasma amino acids concentrations and insulin response compared to milk-based or
casein protein mixtures when ingested at rest (Pennings et al., 2011). These effects
would theoretically lead to an increase in protein synthesis and potentially a more rapid
and complete restoration of muscle function following stressful training (West et al.

2017).

Tang et al. (2009) examined the regulation of protein metabolism in exercise and
recovery and concluded that WPH consumption stimulated MPS in young men at a
greater rate than that of soy protein (despite also being classified as a fast protein), or
casein protein both at rest and after resistance exercise. These findings may be related
to the rate at which these proteins are digested or the small differences in leucine

content of each protein.
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Following resistance exercise, ingestion of whey protein results in increased net protein
balance (Tipton et al., 2004). Whey protein supplementation is reported as being
beneficial in facilitating post resistance exercise recovery by increasing protein synthesis
and reducing muscle damage (Buckley et al., 2010; Cooke et al., 2010; Berryman et al.,
2017). In addition, whey protein supplementation enhanced recovery before and after
resistance exercise (Hoffman et al., 2010) and increased gains in lean body mass
compared to soy (Volek, 2013) and in conjunction with resistance training (Hulmi et al.,
2009). Protein intake provides the required amino acids necessary for improving protein
balance which is essential for repairing damaged muscle (Tipton et al., 2006). More
recently, WPH has been reported to reduce symptoms of EIMD following a repeated
sprinting protocol and improve recovery of muscle function in female athletes (Brown
et al., 2017). Measures of muscle soreness, limb girth, flexibility, muscle function and CK
were measured pre, immediately post, and 24, 48 and 72 h post eccentric exercise.
Flexibility improved beyond baseline measures, reductions in muscle soreness and CK
activity were greater with whey supplementation and resulted in greater attenuation of
function loss. Other studies have observed contrasting results (Eddens et al., 2017). The
reason for these differences in the results may be due to a number of reasons including
the participants used, the amount of whey consumed, the timing of whey intake or the
nature of the muscle damaging exercise. Eddens et al. (2017) induced muscle damage
with a concurrent exercise protocol in well trained male cyclists who consumed 20 g of
protein hydrolysate over two daily serves from the onset of muscle damaging exercise.
Contrastingly, Brown et al. (2017) utilised a sprint protocol, following which female

participants consumed two doses of 70 mL of WPH.
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Table 2.1: Amino acid composition of the proteins. Amounts are shown in g per 20 g
protein. AA, amino acids; EAA, Essential AA; NEAA, Non-EAA

Whey Casein
Alanine (g) 1.0 0.6
Arginine (g) 0.5 0.7
Aspartic acid (g) 2.3 1.3
Cysteine (g) 0.7 0.1
Glutamic acid (g) 3.2 4.1
Glycine (g) 0.4 0.3
Histidine (g) 0.4 0.5
Isoleucine (g) 1.2 1.1
Leucine (g) 2.5 1.7
Lysine (g) 2.1 1.4
Methionine (g) 0.4 0.5
Phenylalanine (g) 0.7 0.9
Proline (g) 0.7 2.1
Serine (g) 0.7 1.3
Threonine (g) 0.9 0.8
Tryptophan (g) 0.5 0.2
Tyrosine (g) 0.8 1.1
Valine (g) 1.0 1.3
Total AA (g) 20.0 20.0
Total NEAA (g) 10.7 12.1
Total EAA (g) 9.3 7.9

2.6.2 Cows milk

The use of cows milk as a recovery and rehydration beverage has become a growing
practice among sporting athletes. Based on the current evidence for its use, milk has
shown to be an effective post exercise recovery option following resistance exercise
(Wilkinson et al., 2007) and eccentric exercise (Cockburn, 2010), as well as being as an
efficient rehydration option (Shirreffs et al., 2007). Milk is a natural source of protein,
calcium, potassium, phosphorus, iodine, vitamin B2, B5 and B12 which are vital nutrients
that play a key role in generating energy in our bodies, reducing feelings of fatigue and
ensuring an overall healthy immune system (National Dairy Council, NDC, 2015). The use
of cows milk as an effective post-exercise recovery beverage has been promoted with
the ‘3 R’s of exercise recovery’ concept (National Dairy Council, NDC, 2015), — (i)
refuelling glycogen stores with the provision of carbohydrate lactose, (ii) repairing

muscles with whey and casein protein sources and (iii) rehydrating sufficiently with
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adequate fluid and electrolytes. Milk is considered a natural, convenient, accessible,
inexpensive and generally well tolerated recovery beverage for athletes (National Dairy

Council, NDC, 2015).

Consuming carbohydrate as soon as possible following high-intensity and endurance
type exercise is necessary for effective replenishment of muscle glycogen stores
(Pritchett et al., 2011). Studies indicate a greater restoration of exercise capacity with
the ingestion of milk post exercise compared to other commercially available sports
drinks (Karp et al., 2006; Thomas et al., 2009). For most athletes, the ability to maximise
the storage of glycogen as well as resynthesising post-exercise muscle glycogen stores
are important aspects of performance (Burke et al., 2017). The carbohydrate content of
milk can contribute to glycogen restoration which would be particularly useful for
athletes whose participation in exercise results in a depletion of glycogen stores. Unless
glycogen stores are sufficiently restored prior to subsequent training, performance will
be compromised (Williams et al., 2003). To achieve optimum glycogen resynthesis post
training and games, a common strategy for team sport players is to consume a mix of
carbohydrate and protein. Milk also plays an important role in post-exercise appetite
regulation as it has shown to be more satiating compared to carbohydrate drinks due to
its protein content (Rumbold et al., 2015). This may help enhance recovery from exercise
whilst also helping to promote a negative energy balance that would encourage
individuals that are interested in weight loss. Milk is comprised of two categories of
protein — whey and casein. About 20 % of the protein in commercial cows milk comes
from whey (Ha and Zemel, 2003) and 80 % casein by mass (Hartman et al., 2007). Milk
contains casein and whey in a ratio of 4:1 which allows for slower digestion and
absorption of these proteins resulting in sustained elevations of blood amino acid
concentrations (Bos et al., 2003). Proteins that are ‘complete’ or ‘incomplete’ refer to
the essential amino acid availability and the source from which they come from, whether
it is animal or plant based. Milk, being an animal based source is a ‘complete’ protein,
containing all of the essential amino acids that the body requires. Milk appears to have

acute effects on protein metabolism and MPS. Milk consumption increases MPS, leading

34



to an improved net muscle protein balance (Phillips et al., 1997). The metabolic response
to protein differs by the type consumed (Rumbold et al., 2015). Evidence suggests that
dairy protein and especially the whey component, may stimulate the greatest rise in
MPS, result in greater muscle cross-sectional area when combined with chronic
resistance training and enhance exercise recovery compared to casein and plant based

sources (Tang et al., 2009; Pennings et al., 2011).

Milk’s provision of essential amino acids, as well as insulin-stimulating carbohydrate to
promote MPS is attributed to its effectiveness (Devries and Phillips, 2015). Casein in milk
may be the effective component for rehydration (James et al., 2011; James et al., 2012).
This may be related to the effect of digestion of different proteins on the rehydration
process, primarily gastric emptying. The casein content of protein has been reported to
clot and coagulate in the stomach (Billeaud et al., 1990) and this results in reduced
gastric emptying (Burn-Murdoch et al., 1978), thus an increase in fluid retention.
Contrastingly, whey protein empties faster from the stomach thereby enhancing fluid
movement and diuresis (Hall et al., 2003). Thus, the ingestion of casein or milk protein
might influence the retention of a rehydration solution by reducing the rate at which the
drink enters the circulation (Evans et al., 2011). The consumption of milk results in
increased urine output being reduced leading to net positive fluid balance (Shirreffs et

al., 2007).

2.6.2.1 Cows milk and resistance exercise

Milk based beverages are more effective in modulating the activation of key intracellular
signaling proteins such as AMP involved in protein synthesis during recovery from
resistance exercise (Ferguson-Stegall et al., 2011). In recovery from sport performance,
the amino acid composition of post exercise refueling strategies is very important. The
consumption of amino acids following resistance training stimulates protein synthesis
resulting in increased net protein synthesis (Tipton et al., 2004). There is evidence to

suggest that consuming milk after resistance exercise can lead to increased
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enhancements in protein metabolism (Hartman et al., 2007). In relation to resistance
training, the effectiveness of milk post exercise is as a result of the whey content in milk
particularly which has been noted for the promotion of muscle mass accretion and
hypertrophy (Hartman et al., 2007; Wilkinson et al., 2007) and body fat loss (Miller et
al., 2014), in males and females (Josse et al., 2010). There are both acute and chronic
long-term evidence to support the use of cows milk as a post resistance exercise
recovery beverage. The acute benefits of milk were recognised by Wilkinson et al. (2007)
when eight healthy resistance trained males consumed 500 mL of skimmed milk or a soy
beverage following a unilateral leg resistance exercise protocol. Data revealed both
groups experienced positive net protein balance, and further analysis displayed an
overall greater net balance and greater fractional synthetic rate after skimmed milk
ingestion compared to the soy beverage. Elevation in blood amino acids was slower and
remained elevated for a more prolonged period in the skimmed milk group, providing a
more sustained delivery of amino acids for MPS (Wilkinson et al., 2007). More chronic
studies in milk and recovery have been conducted (Hartman et al., 2007; Josse et al.,
2010). Hartman et al. (2007) reported greater hypertrophy and greater fat free mass
after consuming 500 mL of skimmed milk immediately and 1 h post resistance exercise
in novice weight-lighters who trained for 5 days over a 12 - week period in comparison
to soy milk or a CHO control. Josse et al. (2010) undertook the same protocol with
recreationally active women (milk versus CHO) and reported greater muscle mass

accretion, strength gains and fat mass loss in the milk group.

Consuming amino acids and carbohydrate together has been shown to result in an
increased rate of MPS (Miller et al., 2003), though recent studies have not reported this
(Staple et al., 2011) especially if protein intake is sufficient to stimulate MPS maximally
(Staples et al., 2011). Whole milk ingestion results in greater utilisation of ingested
amino acids during exercise recovery versus skimmed milk. This may be due to the
slightly higher carbohydrate content (Elliot et al., 2006). Skimmed milk had a 0.8 g higher
protein count than whole milk (8.8 g vs 8.0 g) and half the energy balance (377 kj vs. 627
kj) but slightly higher carbohydrate content (12.3 g vs 11.4 g). The provision of amino
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acids early in the post exercise period may enhance protein synthesis rates, which reach

peak values within 2 — 3 h after exercise (Van Loon, 2014).

2.6.2.2 Cows milk and eccentric exercise

Muscle protein breakdown (MPB) and MPS are both stimulated in response to exercise
and diet (Maughan and Shirreffs, 2012; Tipton et al., 2018). Eccentric exercise protocols
result in muscle damage (Eston et al., 1995; Howatson and Milak, 2009; Margaritelis et
al., 2015). Furthermore, the eccentrically demanding nature of team sports increases
MPB which results in muscle damage (Cooke et al., 2010; Cockburn et al., 2013).
Therefore, provision of amino acids post-exercise is necessary to stimulate insulin-
signalling and the critical mTOR pathway required to achieve net protein synthesis
(Ferguson-Stegall et al., 2011; Lunn et al., 2012). Changes in MPS and MPB may also be
crucial for repair and remodelling of muscle proteins following resistance exercise

(Witard et al., 2016).

Milk’s provision of essential amino acids and carbohydrate to promote MPS and demote
MPB has a positive effect on performance following eccentric exercise (Hulmi et al.,
2010). Cockburn et al. (2010) demonstrated that 500 mL of semi-skimmed milk post
eccentric exercise attenuated EIMD in male athletes and Rankin et al. (2015) reported
similar benefits with the provision of milk in females post eccentric exercise. Cockburn
et al. (2008) demonstrated milk-based beverages attenuated increases in CK and Mb at
48 h post-exercise in milk based trials compared to CHO only. Further research by
Cockburn et al. (2010) demonstrated milk-based carbohydrate-protein immediately or
24 h post muscle-damaging exercise may hasten recovery at 72 h. Five hundred mL of
milk was reported to have similar effects on EIMD attenuation as 1,000 mL of milk
(Cockburn et al., 2012) and 500 mL of milk is effective at attenuating EIMD,
demonstrating reduced loss of performance in the team sport demands of agility and
sprinting performance (Cockburn et al., 2013). This may suggest that there is an upper

limit of effect with the added effect of exercise and protein intake. It has been shown
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500 mL milk post muscle damaging exercise can limit performance decrements in
females and limit serum markers of muscle damage in males and females (Rankin et al.,
2015). However, in these studies muscle damage was induced with heavily loaded
eccentric exercise on an isokinetic machine, a load that far surpasses the usual stress
imposed by team sport exercise, and thus investigations utilising more sport-relevant
protocols are warranted. The natural nutritional composition of milk provides satisfying
protein and carbohydrate contents to stimulate MPS but as suggested by Cockburn et
al. (2013) and Rankin et al. (2015), further investigation into the actual extent of

attenuation on EIMD is recommended.

2.6.3 Goats milk
To date, no research has investigated goats milk in relation to exercise performance or

as a post exercise recovery drink to maximise recovery.

2.6.3.1 Nutritional content

Goats milk contains slightly more leucine than cows milk (mg.100g™* milk — goat; 341.01
vs. cow; 266.23); (Ceballos et al., 2009) and accepting that leucine is a major amino acid
in the stimulation of protein synthesis (Churchward-Venne et al., 2012), theoretically it
may be beneficial in enhancing recovery from exercise, especially exercise that induces
muscle damage. Goats milk differs from cows milk in that it results in enhanced
digestibility, alkalinity and buffering capacity (Park, 1994). It also has fewer allergenic
proteins and causes less inflammation (Park, 1994). The higher protein (goat — 3.5
g.100mL? vs. cow — 3.4 g.100mL™?), non-protein N and phosphate in goats milk results in
a greater buffering capacity compared to cows milk (Park, 1991; Park, 1992). Recent
studies confirm that nutrients such as iron, calcium, magnesium and phosphorous were
more easily digested and used by the body when consumed in goats milk than cows milk
(Ceballos et al., 2009). Goats milk also had a greater iron bioavailability in anaemic rats
than that of cows milk (Park et al., 1986). Goats milk is naturally lower in cholesterol and
it contains higher amounts of calcium, magnesium and potassium than cows milk but

less vitamin D, vitamin B12 and folate (Jandal, 1996; Park, 2007).
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Goats milk may be a useful alternative recovery drink for athletes who are lactose
intolerant. The sugar in milk is called lactose and the enzyme lactase is responsible for
digesting lactose in our bodies. There are certain individuals who have low levels of
lactase and have difficulty processing lactose and thus are ‘lactose intolerant’ (Lomer et
al., 2008). Symptoms relevant to athletes include abdominal pain, bloating, flatulence,
nausea and overall gastrointestinal distress. The symptoms of lactose intolerance
include mild to extreme intestinal discomfort, so lactose-intolerant individuals and
athletes often choose to eliminate anything containing lactose from their diet. Most
people with lactose intolerance can digest about 12 g of lactose which is equal to a large
glass of cows milk (250 mL) spread over the day. Goats milk contains 9 g of lactose per
250 mL (Haenlein, 2004). Many athletes who are affected by lactose intolerance or
believe that they are, tend to avoid dairy products and as a result ingest inadequate
amounts of calcium and vitamin D. This may cause them to be more susceptible to
having decreased bone mineral density, osteopenia, osteoporosis, and other adverse
health outcomes ultimately hindering sporting performance (Yang et al., 2013). Bone
health plays a vital part in protein nutrition also. Calcium helps keep bones strong and

healthy.

Goats milk contains more beta caseins and less lactose than cows milk, which may make
it a more suitable option for those with mild lactose sensitivities. Research has revealed
that the alpha-casein proteins found in cows milk are responsible for cows milk allergy
(Wal et al., 1995; Hochwallner et al., 2014). Casein acts as a potent allergen in cows milk
allergy where each different fraction (S1-, S2, B- and k-casein) can induce specific IgE
responses (Rangel et al., 2016). The four caseins aS1-, aS2- B- and k-casein bind essential
minerals, such as calcium phosphate, that would otherwise precipitate and would not
be easily ingested (Marchesseau et al., 2002). B-lactoglobulin and alpha-S1 casein are
the most common cows milk allergens, although other cows milk proteins may play

important roles in some cases (Tsabouri et al., 2014; Mills et al., 2004).
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Despite the fact that goats milk contains some lactose, the softer curd from smaller fat
globules assists digestive comfort, making it a better choice for those with stomach
sensitivities (Park, 2007). This has never been investigated in an athletic population in
relation to exercise performance. There is a prevalence of 2.5 % in children affected by
a cows milk allergy during the first three years of their life (Anagnostou et al., 2015).
Goats milk as a substitute has positively impacted and resolved many of these cases and
in particular, one study observed that 49 out of 55 children with cows milk allergy
benefited from substitution with goats milk (Haenlein, 2004). Barrionuevo et al. (2002)
conducted studies with rats, which had 50 % of their distal small intestine removed by
resection, simulating the pathological condition of malabsorption syndrome. The
feeding of goats milk compared to cows milk as part of the diet resulted in significantly
higher digestibility and absorption of iron and copper, thus preventing anaemia. The
observed results were attributed to the higher contents of cysteine (derived from
cystine) in goats milk (83 mg.100g?) than in cows milk (28 mg.100g™?). Fat and weight
gain also improved with goats milk in these studies compared to cow milk (Barrionuevo
et al. 2002). Similar findings were obtained in studies with rats which also revealed
oligosaccharides (which act as pre-biotics) in goats milk eased inflammation in rats with
colitis and other bowel difficulties (Park et al., 1986). There are thought to be four to
five times more oligosaccharides in goats milk compared to cows milk (Park et al., 2007).
Zeng (1996) compared goats milk standards with cows milk standards for analyses of
somatic cell count, fat and protein and reported the levels of fat and protein in goats
milk samples were 0.04 % and 0.27 % higher, respectively, than with cows milk

component standards.

Many people, although not medically diagnosed as being lactose intolerant may
experience gastrointestinal discomfort with the digestion of cows milk. These individuals
may be referred to as lactose sensitive as opposed to allergic to lactose (Rangel et al.,
2016). Hence for this population, goats milk may be a viable alternative. Most people do
not have clinical lactose intolerance to cows milk but are mal — absorbers and are
sensitive to one of the proteins found in it and lack the ability to digest the Al allele of

beta-casein. The issue causing lactose intolerance is likely to be with bovine beta-
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cosmorphin-7 (BCM-7) derived from Al-beta casein in regular milk which affects
receptors in the Gl tract causing motility disorders, inflammation, abdominal pain and
loose stools (Pal et al., 2015; Yang et al., 2013). Goats milk does not contain Al-beta
casein, therefore, individuals who cannot tolerate cows milk can often tolerate goats
milk. Al casein can contribute to gastrointestinal issues such as irritable bowel
syndrome, Crohn’s disease, leaky gut and colitis (Pal et al., 2015; Ho et al., 2014). Goats
milk contains only A2- beta casein, which is not associated with any inflammation
responses. Goats milk has a softer curd due to the presence of smaller fat globules
which assists digestive enzymes in breaking down more rapidly (Tomotake et al., 2006).
In addition, goats milk does not contain agglutinin, a substance that causes the fat
globules to form clusters. Therefore, this enhances the process of digestion and supports
digestive comfort which may enhance its suitability for those with gastrointestinal
sensitivities. Goats milk also contains higher levels of short and medium chain fatty
acids, enhancing the digestive process (Park, 1991; Park et al., 2007). Townsend et al.
(2017) reported immediate ingestion of carbohydrate and protein after exhaustive
exercise may be beneficial, as it decreases bone resorption marker concentrations and
increases bone formation marker concentrations, creating a more positive bone
turnover balance. Therefore, goats milk, as with cows milk, may be an effective post-
exercise recovery beverage for sustaining bone health as it is both a source of

carbohydrate and protein and is also higher in calcium.

2.6.3.2 Cows milk vs goats milk

Cows milk and goats milk protein are both comprised of around 80 % casein protein and
20 % whey protein (Hartman et al., 2007). Despite having similar nutritional composition
and benefits on health, growth and development, cows milk and goats milk may vary in

their whey protein concentration levels.

The average size of goats milk fat globules is smaller than that of cow and other species
milks enhancing the process of digestion (Par et al., 2007). Goats milk also resulted in a

greater iron bioavailability in anaemic rats compared to cows milk (Park et al., 1986).
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Higher levels of nitrogen and phosphate in goats milk correlated with an increase in
buffering capacity (Park, 1991). Goats milk proteins may be digested more readily and
their amino acids absorbed more efficiently than those of cows milk due to goats milk
containing less aS1- casein (Haenlein, 2004; Jenness, 1980). Athletes training and
competing in intensive sports need increased protein intake than the more sedentary
individual and with goats milk being easier to digest with a slightly more concentrated
whey content (Park, 1994) it may make it a more viable choice for certain athletes to

meet their daily protein needs.

The average composition of goats milk does not differ remarkably from that of cows milk

as detailed in Table 2.2.

Table 2.2 Amino acid composition (mg.100g* milk) of goats milk and cows milk (Ceballos
etal., 2009)

Essential amino acids Goats milk Cows milk Difference % for goats milk
Threonine 138.6 115.8 +16.5
Isoleucine 160.5 128.0 +20.2
Leucine 341.0 266.2 +21.9
Lysine 342.8 252.5 +26.3
Methionine 77.9 71.1 +8.7
Cysteine 30.6 23.2 +24.2
Phenylalanine 175.4 133.5 +23.9
Tyrosine 162.5 159.9 +2.5
Valine 210.2 147.8 +29.7
Total 1639.8 1298.3 +20.8

Goats milk has some particular properties that produce advantages in comparison to
cows milk, such as a smaller size of fat globules, which provides a smoother texture in
derived products, lower amounts of as1-casein, resulting in softer gel products, a higher
water holding capacity and a lower viscosity (Haenlein 2004). However, the flavour of
goats milk is more intense in comparison to cows milk, which can restrict the acceptance

of its derivatives by consumers (Gomes et al., 2013).
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2.7 CONCLUSION

It is widely known in terms of research that without adequate nutrition after strenuous
exercise an athlete will be in a state of negative protein balance (Pasiakos et al., 2014).
There is evidence that milk leads to positive protein balance (Elliot et al., 2006; Lunn et
al., 2012) . Additionally, the observed benefits of consuming whey protein as a single
beverage post exercise provide evidence of enhanced amino acid availability leading to
a positive net protein balance making it a convenient post-exercise recovery option
(Pasiakos et al. 2014). With strenuous exercise there is protein breakdown occurring,
therefore consuming cows milk, goats milk or whey protein which contains the key

protein components will limit that breakdown and enhance the repair.

Furthermore, milk provides many nutrients such as essential amino acids, BCAAs and
both whey and casein protein that when consumed, amino acids in the blood are raised
for longer impacting the rate of protein synthesis. Milk also contains carbohydrate in the
form of lactose and there is some evidence that carbohydrate raises insulin and that can
inhibit protein breakdown (Dimitriadis et al., 2011; Figueiredo and Cameron-Smith,
2013). Previous research reports cows milk is a beneficial recovery intervention from
strenuous exercise with an eccentric component in both males and females (Cockburn
et al., 2008; Cockburn et al., 2010; Rankin et al., 2015). Goats milk contains a slightly
higher leucine content than cows milk and accepting that leucine is a major amino acid
in the stimulation of protein synthesis, theoretically it may be beneficial in recovery from
exercise, especially exercise that induces muscle damage (Park, 2007). The concept that
leucine ingestion and plasma leucine concentrations are key regulators of MPS has been
supported recently by Gorrisen and Witard (2018), reporting plant-based proteins with
leucine co-ingestion can further augment the postprandial muscle protein synthetic
response. Van Vliet et al. (2015) have agreed that despite the proposed lower anabolic
properties of plant versus animal proteins, various strategies may be applied to augment
the anabolic properties of plant proteins such as the fortification of plant-based protein
sources with leucine. Dairy proteins stimulate MPS to a greater extent than plant-based
proteins (Wilkinson et al., 2007), and whey protein stimulates MPS to a greater extent

than casein protein (Tang et al., 2009), thus, the choice of protein often depends on the
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application. To date, no research has investigated goats milk in relation to exercise

performance or as a post-exercise recovery drink to maximise recovery.

To restate, the purpose of this study is to investigate the effects of cows milk, goats milk,
whey protein and an energy matched carbohydrate drink on recovery from repeated
sprinting and jumping in team sport athletes. The hypotheses are as follows: (i) Protein
containing drinks are more effective in attenuating the effects of EIMD compared to an
energy matched carbohydrate drink (ii) Goats milk is as effective as cows milk and whey

protein in attenuating the effects of EIMD.
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METHODOLOGY
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3.0 METHODOLOGY

3.1 Participants

Thirty — two collegiate team sport players (male n=16; female n=16) took part in this
study. Mean (+ SD) height, body mass, and age for male participants were 181.5 £ 6.9
cm, 79.9 £ 10.7 kg, 22.8 + 3.5 yr, respectively, and for females were 164.9 + 5.6 cm, 62.0
+ 8.2 kg, 20.6 + 1.7 yr, respectively. Anthropometric measures can be found in Table 3.1.
Prior to participation, volunteers completed a medical health screening questionnaire
(Appendix C) and were excluded from the study if they met any of the following criteria:
current or recent use of nutritional supplements, intolerance to dairy or lactose
products, lower limb or back injury in previous three months, surgery in previous 6
months, known coronary disease, uncontrolled metabolic disorder or respiratory
disease, pregnancy, post-partum. Following verbal and written briefings (Appendix A),
written informed consent (Appendix B) was provided by all participants. Ethics approval

(Ethical Application Number 159) was given from the Ethics Committee in IT Carlow.

There were several procedures put in place to protect the confidentiality of participants.
Each participant was allocated an individual participant code used to identify any data
they provided and to ensure anonymity. Participant names or other personal details
were not associated with data, for example, the consent form each participant signed
was kept separate from their data. All paper records were stored in a locked filing
cabinet, accessible only to the research team, and all electronic data was stored on a

password protected computer.

Table 3.1 Group mean anthropometric information

GROUPS ' cow GOAT WHEY CHO

Male Participants n=4 n=4 n=4 n=4

Female Participants n=4 n=4 n=4 n=4

Height (cm) 172.1 176.3 169.8 174.5

Body Mass (kg) 70.1 77.1 66.9 69.7

Age (yr) 22.9 20.4 21.5 22.4
Training Sessions 3-5weekly | 3-5weekly 3 -5weekly | 3-5weekly
Sport Played Field based Field based Field based Field based
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3.2 Study Design

The study utilised an independent group design that required participants to visit the
laboratory on six separate occasions, participants were equally divided into four groups:
cows milk (COW), goats milk (GOAT), whey protein (WHEY), or the control group - an
energy matched carbohydrate drink (CHO). Groups were matched according to peak
torque of the dominant leg knee extensors at 60°.s* on a Biodex System3 Isokinetic
dynamometer (Biodex Medical System, NY, USA). Visits two, three, 4 and 5 were
conducted on consecutive days no more than 7 days after familiarisation, with all visits
taking place at the same time of day following an overnight fast and 24 h abstinence
from alcohol, caffeine and exercise which was self-reported. Familiarisation involved
participants completing the procedures for each of the dependent variables. Following
baseline measures participants completed a muscle damage-inducing exercise protocol
comprising repeat sprinting and jumping as outlined below. Participants returned to the
laboratory at 2 h (blood sample only), 24, 48 and 72 h post-muscle damaging exercise to
repeat baseline measures. Participants were requested to refrain from strenuous
activity for the duration of the study, and from treating the symptoms of muscle damage
and soreness with interventions such as nutritional supplements, massage, cryotherapy
and nonsteroidal anti-inflammatory drugs. Assessment of muscle damage (CK), soreness
and tiredness (VAS), perceived recovery (DALDA), Palatability (Likert Scale), and muscle
function (PkTq), (RFD), (Sp), (CMJ), (RSI), took place pre- and 24h, 48h, and 72 h post-

exercise.

Table 3.2 Participant involvement

Visit Duration What | will do

Visit 1: Familiarisation | hour Health screening questionnaire; consent
form; S/T, BS, PkTq, RFD, CMJ, RSI, Sp

Visit 2: Baseline easures 40 min S/T, BS, PkTq, RFD, CMJ, RSI, Sp

Visit 3: Exercise Protocol | 3 hours in total 10min warm up

20 x 20 m maximal sprints
(1 h for exercise | 8 sets of 10 plyometric jumps

protocol & 10min cool down
return 2 h later Consumption of fluid
for blood Palatability (Likert Scale)
sample) 2 h fast
Provision of blood sample
Visits 4-6 30 min PR, S/T, BS, PkTq, RFD, CMJ, RSI, Sp

BS: blood sample; S/T: soreness/tiredness; PR: perception of recovery, Sp: sprint
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3.3 Muscle Damage Inducing Exercise Protocol

The aim of the exercise protocol was to incorporate exercise activities indicative of team
field sport performance. All participants completed a 10 min warm up consisting of self-
paced jogging, sprint drills and sprints at 60 %, 80 % and 100 % of perceived maximum
speed (Howatson and Milak, 2009). Participants then lined up at a marker 30 cm from
the start line and completed 20 x 20 m sprints. Participants were instructed to sprint
maximally and stop within the 10 m deceleration zone which was marked out
immediately after the 20 m sprint. Standardised verbal encouragement was provided to
all participants for each sprint and they had 30 s rest between each completed sprint.
Following a second rest period, participants completed 8 sets of 10 plyometric jumps, a
protocol which has been shown to induce muscle damage (Marginson, 2005). With feet
shoulder width apart and hands on the hips, participants were asked to flex their knees
to approximately 90 degrees, and to jump as high as possible on each jump. Each set of
10 continuous maximal jumps were separated by a one minute rest period during which
participants walked around (Marginson, 2005). Upon completion of the jumping

protocol, participants completed a standard cool-down.

3.4 Dietary control

Immediately following the sprinting/jumping exercise protocol on visit three,
participants were provided with either 750 mL of cows milk (n=8), 750 mL of goats milk
(n=8), 750 mL of whey protein (n=8), or 750 mL of an energy-matched carbohydrate
solution (n=8), which consisted of glucose mixed with water and a commercially
available orange flavoured fruit cordial. Each drink was consumed within 30 minutes
post exercise. This amount of fluid provided between 25 - 26 g of protein (for each of
the protein drinks but not CHO) as seen in Table 3.3, which has been shown in previous
research as an adequate amount to stimulate maximal protein synthesis (Tang et al.,
2009; Burd et al., 2012). 750 mL provided the required amount of protein and was

unlikely to cause stomach upset.
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Table 3.3 Nutritional information regarding the macronutrient composition of drinks

COWS MILK GOATS MILK WHEY PROTEIN CHO

(Per 750mL) (Per 750mL) (Per 750mL) (Per 750mL)
Energy (kCal) 479.25 508.5 480.1 480.0
Protein (g) 25.5 26.25 25.4 0.0
Carbohydrate (g) 35.25 36.75 89.0 120.0
Fat (g) 26.25 28.5 2.5 0.0

All four drinks were volume matched (750 mL). Cows milk, goats milk and whey protein
had similar protein contents (25 g, 26 g, 25 g, respectively), and all four drinks had similar
energy content. The energy content of both cows milk and goats milk is stated as
64kcal.100mL? by the manufacturers (480kcal.750mL?), though the macronutrient
calculation of the goats milk suggests that the manufacturer has subtracted 1.25kCal.g
L protein to correct for incomplete digestibility. During familiarisation, each participant
was provided with a weighing scale and a measuring jug to record their daily food and
fluid intake. Having been instructed to maintain their habitual diet in order to monitor
and track food intake that may have had an impacting factor, participants completed a
food diary for 4 days following baseline measurements which were analysed using

Nutritics Professional Diet Analysis, Nutritics Ltd. Dublin, Ireland.

3.5 Outcome Measures

3.5.1 Blood sampling

On each day, prior to any other measures and two hours post completion of the exercise
protocol a blood sample was collected by venepuncture from a forearm vein in 8.5 mL
serum separator (SST) tubes. Tubes were centrifuged at 3,000 rev.min™! for 15 min
before the serum was removed and immediately stored in aliquots at -70 °C for later
analysis. Creatine kinase (CK) was measured as a marker of muscle membrane disruption
(Baird et al., 2012). Total serum CK was analysed using Randox RX Daytona clinical
chemical analyser (Randox Laboratories Ltd., 55 Diamond Road, Crumlin, Co. Antrim,
United Kingdom, BT29 4QY). Coefficients of variation for this system are reported as
below 2 % by Randox.
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3.5.2 Peak Torque

Following a standardised 5 minute warm up on a Wattbike, (Wattbike Ltd, Nottingham,
UK) participants completed three bilateral maximal efforts of knee flexion and extension
at 60 and 180°.s%, with 60 s recovery between speeds and approximately 3 min between
legs on a Biodex System3 Isokinetic dynamometer (Biodex Medical System, NY, USA).
Immediate post-exercise measures of peak torque were not recorded as measurement
at this time is more likely to be reflective of metabolic fatigue rather than injury to the
muscle (Warrant et al., 1999). All participants were instructed to give maximal effort and
to complete full range of motion at the knee for each repetition. Interclass correlations
co-efficients for this protocol are 0.83-0.94 which is deemed to be a good to excellent

level reliability (Lehance et al., 2005).

3.5.3 Rate of Force Development

Rate of force development (RFD) was determined over the first 200 ms of an isometric
contraction as reported in previous studies (Aagaard et al., 2002; Holtermann et al.,
2007). Two maximal 5 s bilateral isometric contractions of the quadriceps were
performed on the same isokinetic dynamometer used for isokinetic peak torque
measurements, with the knee fixed at an angle of 70° (0° = full extension). Participants
were instructed to contract and push away as fast and forcefully as possible. RFD (Nm.s
1) was determined from the repetition with the highest torque measurement i.e. over
the time interval of 0-200 ms (Atorque/Atime) relative to the onset of contraction, which
was defined as the time point when the torque generated exceeded the baseline by >7.5

Nm (Aagaard et al., 2002; Holtermann et al., 2007).

3.5.4 Countermovement Jump Height

Countermovement jump height (cm) was measured in cm using an Optojump optical
measurement system (Microgate, Bolzano, Italy). Standing with feet shoulder width
apart and hands placed on hips, participants were required to flex their knees to
approximately 90° and then, in one continuous movement, jump vertically for maximum

height. Jump height was calculated from flight time and each participant completed
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three jumps; the highest recorded jump was used for analysis. Interclass correlations co-

efficients, from reliability trials for this protocol are 0.97-0.98 (Glatthorn et al. 2011).

3.5.5 Reactive Strength Index

Reactive Strength Index (RSI) was determined from dividing jump height (cm) by ground
contact time (ms) following the execution of three maximal effort drop jumps from a
height of 45 cm as in previous research (Flanagan et al., 2008). The RSI measurement is
sensitive to prior experience of testing (Healy et al., 2006), and all participants had
previous experience of this measure. Participants were instructed to spend as little time
as possible in contact with the ground when landing from the drop height, and to jump
as high as possible. Hands were maintained on the hips for the duration of the jump to
eliminate any contribution of arm swing and participants stepped of the box with the
same leading leg each time. Ground contact time and flight time were measured using

the Optojump optical measurement system (Microgate, Bolzano, Italy).

3.5.6 Sprint Performance

For the determination of sprint performance, 20 m sprint time with split 5 m and 10 m
times, from a standing start 20 cm behind the start line was measured using timing gates
(Microgate Racetime 2, Bolzano, Italy). Each participant was instructed to sprint through
the timing gates as fast as possible, completing three sprints in total, with a rest time of
60 seconds between trials. The fastest sprint time was used for analysis. ICC from

reliability trials for this protocol are 0.89—-0.98 (Healy et al., 2016).

3.5.7 Muscle Soreness and Tiredness

Active muscle soreness immediately after squatting to approximately 90° knee flexion
was measured on a VAS; (Bijur et al., 2001; Twist and Eston, 2005) with participants
rating their level of soreness on a scale of 0 (no soreness) to 10 (as bad as it could be). A
similar VAS was used to measure muscle tiredness, with 0 indicating no tiredness, and

10 indicating as tired as could be. Using similar scales, previous research has reported
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increased levels of muscle soreness following EIMD (Nosaka et al., 2002; Lewis et al.,

2012).

3.5.8 Perception of Recovery

Perception of recovery was monitored using a validated questionnaire — Daily Analysis
of Life Demands for Athletes (DALDA) (Appendix G). The questionnaire is made up of
part A and part B with a list of stressors to describe the athlete’s response to training
over the consecutive testing days (Saw et al., 2016; Crowther et al., 2017). Participants
had the option of ticking ‘normal’, ‘worse than normal’, ‘better than normal’ for each
stressor. Data from part B (symptoms of stress) were utilised for analysis. Participants

completed the questionnaire daily prior to provision of venous blood sample.

3.5.9 Palatability

Palatability was measured using a validated 5 - point Likert scale (Flint et a/., 2000; Veling
et al., 2013) in which participants answered questions regarding the smell, taste,
aftertaste and palatability of each drink outlined in section 3.5 (1 — good/none, 5 —
bad/much) and rated their stomach comfort after consumption of assigned drink (1 —
very comfortable, 5 — very uncomfortable) (Appendix H). Experiences and comparisons
can be measured indirectly with a standardised assumption scale among groups such as

that of the Likert Scale (Bartoshuk et al. 2003).

3.6 Statistical Analysis

Data were analysed by making probabilistic magnitude based inferences (MBI) about
the true value of outcomes as described by Batterham and Hopkins (2006). This
approach to data analysis has become more common in sport and exercise research,
including nutritional interventions (Saunders et al., 2013; Highton et al., 2013; Braakhuis
et al.,, 2014; D’Lugos et al., 2016), and those with smaller sample sizes as seen in this
study. There is increased suspicion that null hypothesis testing is flawed given that a P

value cannot measure the probability that the hypothesis is true and cannot measure
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the size of an effect or the importance of a result (Bernards et al. 2017). The term
‘significant’ has been used to equate to ‘important’ (Cumming 2014) when, in fact, a
significant statistic (P<0.05), could represent an effect that is not clinically or practically
relevant (Batterham and Hopkins, 2006). By defining the smallest practical or biological
effect, the probability of a worthwhile effect with inferential descriptions is possible.
Additionally, it has been shown that MBI outperforms null hypothesis testing in terms
of Type-1 and Type-11 error rates (Hopkins and Batterham 2016). Thus, MBI is an
alternative to traditional null-hypothesis testing (Wilkinson, 2014;Bernards et al., 2017).
An effect is classified in terms of its size as beneficial, harmful or trivial. The limiting case
is 25 % chance of benefit and 0.5 % risk of harm (Batterham and Hopkins, 2006).
Therefore, an outcome showing harmful effect, does not necessarily quantify the other
condition as beneficial. Qualitative inference was the likelihood that the true value
would have the observed magnitude at 90 % confidence intervals to encompass the
actual ‘true’ population value (Barde and Barde 2012). The effect of cows milk, versus
goats milk, versus whey protein versus an energy-matched carbohydrate drink was
analysed using a published spreadsheet for analysis of a controlled trial (Hopkins, 2006).
Comparisons were made between baseline and all other time points (baseline - 24 h,
baseline - 48 h, baseline - 72 h). Data for peak torque, countermovement jump, sprint
performance, RSl and RFD were log-transformed to diminish the effects of non-
uniformity and overcome heteroscedastic error (Nevill et al., 1995; Nevill et al., 2008).
Means of log-transformed data were then back transformed to provide mean
percentage change and percentage standard deviation (SD). In order to know the
variability within the sample and not proximity of mean to the population mean, data
was summarised with SD and not with SEM (Lang 2004; Jaykaran et al. 2010). CK is
reported as factor because of large percentage changes (Batterham et al., 2005). The
smallest worthwhile effect was the smallest Cohen change in the mean: 0.2 times the
between-subject SD for the baseline values of all participants (Batterham and Hopkins,
2006). Effect Size (ES) magnitudes were calculated as the mean difference between two
groups and then dividing the result by the pooled standard deviation for all four groups.
They were graded according to Cohen’s d and were classified as follows: trivial, 0.00 —
0.2, small, 0.2 — 0.6, moderate, 0.6 - 1.2, large, 1.2 - 2.0, very large, 2.0 - 4.0, extremely

large 4.0. ES thresholds for measures of soreness and tiredness were set at 10 %, 30 %,
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50 %, 70 %, 90 % of the VAS and Likert Scale range for small, moderate, large, very large

and extremely large respectively.
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4.0 RESULTS

Analysis of results presented some clear and unclear outcomes, with limited consistent
trends observed. Additionally, comparisons between beverages were not conclusive but
typically the protein sources tended to result in more beneficial performance results

than the control.

4.1 Within group results

Completion of the exercise protocol resulted in EIMD for all participants. Analysis of
within-group effects revealed small/moderate post-exercise decreases in peak torque,
CMJ, RSI, sprint performance and RFD, increases in serum CK, DALDA, muscle soreness

and tiredness. Please refer to Appendix J for within groups analysis results.

4.2 Countermovement jump (CMJ)
Baseline CMJ heights prior to the muscle damaging exercise for GOAT, COW, WHEY and

CHO were 26.0 + 6.0 cm, 28.4 + 7.4 cm, 28.6 + 6.9 cm and 28.4 + 7.2 cm, respectively.

Changes in CMJ performance can be seen in Figure 4.1.
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Figure 4.1 Percentage change in countermovement jump in response to muscle
damaging exercise for GOAT, COW, WHEY and CHO. Values are presented as means *
SD, n=8 per group
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Comparisons between GOAT and CHO from baseline to 24h showed a likely small
beneficial effect for those consuming GOAT (2.2411.2% vs. -8.1+6.8%, GOAT vs. CHO,
respectively) and a possible trivial beneficial effect from baseline to 48h (-1.416.5% vs. -
6.1+5.2%, GOAT vs. CHO, respectively). Peculiarly, GOAT demonstrated a possible trivial
harmful effect from baseline to 72h (-3.4112.4% vs. -1.5+5.2%, respectively). From
baseline to 24h, comparisons between COW and CHO showed a possible trivial
beneficial effect for those consuming COW (-4.1+6.1% vs. -8.1+6.3%, COW vs. CHO,
respectively). Comparisons between COW and WHEY from baseline to 24h showed a
possible trivial harmful effect for WHEY (-4.1+6.1% vs. -6.1+6.8%, COW vs. WHEY,
respectively) and from baseline to 48h (-3.5+6.4% vs. -6.116.4%, respectively). From
baseline to 24h GOAT had a possible small beneficial effect compared to COW
(2.2111.2% vs. -4.1+6.1%, GOAT vs. COW, respectively) but had a possible trivial harmful
effect from baseline to 72 h (-3.4+12.4% vs. 0.1+5.3%, respectively). GOAT compared to
WHEY had a possible trivial beneficial effect from baseline to 48h (-1.4+6.5%, vs. -
6.1+6.4%, GOAT vs. WHEY, respectively). When compared to CHO, WHEY had a possible
trivial harmful effect from baseline to 72h (-3.5+9.2% vs. -1.545.2%, WHEY vs. CHO,

respectively). All other comparisons were unclear.

A summary of the statistical analysis for CMJ can be seen in Table 4.1.
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Table 4.1 Effect on CMJ following muscle damaging exercise

VARIABLE TIMEFRAME MEAN EFFECT, £90% CI QUALITATIVE INFERENCE EFFECT SIZE
cM)

Cow vs. Cho B-24 -4.2,+4.8 COW Possibly Beneficial Trivial (0.16)

B-48 2.7,+46 Likely Trivial Trivial (0.11)

B-72 -1.3,+4.4 Likely Trivial Trivial (0.05)

Cow vs. Whey B-24 4.4,+13.3 WHEY Possibly Harmful Trivial (0.08)

B-48 -2.8,+5.8 Possibly Trivial Trivial (0.14)

B-72 -3.7,+75 Unclear Trivial (0.16)

Goat vs. Cho B-24 -10.6,+7.7 GOAT Likely Beneficial Small (0.41)

B-48 -5.4,+53 GOAT Possibly Beneficial Trivial (0.18)

B-72 2.7,£9.5 GOAT Possibly Harmful Trivial (0.12)

Goat vs. Whey B-24 -4.8,+9.7 Unclear Small (0.24)

B-48 -4.8,+6.4 GOAT Possibly Beneficial Trivial (0.19)

B-72 1.1,+10.9 Possibly Trivial Trivial (0.03)

Goat vs. Cow B-24 -6.9,+7.8 GOAT Possibly Beneficial Small (0.24)

B-48 -3.0,+5.6 Possibly Trivial Trivial (0.07)

B-72 4.0,+£9.6 GOAT Possibly Harmful Trivial (0.17)

Whey vs. Cho B-24 -4.9,+7.8 Unclear Trivial (0.12)

B-48 0.1,+5.8 Likely Trivial Trivial (0.05)

B-72 2.4,+£0.8 WHEY Possibly Harmful Trivial (0.11)

Qualitative Inference represents the likelihood that the true value will have the observed magnitude.
Mean effect refers to the first group minus the second group. + 90% Cl: add and subtract this number to
the mean effect to obtain the 90% confidence intervals for the true difference. Effect size is a quantitative
measure of the magnitude.

4.3 Peak torque 60°.s* dominant leg extension

Immediately prior to the muscle damaging exercise peak torque values for dominant leg

extension at 60°.s* for GOAT, COW, WHEY and CHO were 178.6 + 80.5, 174.0 + 51.0,

155.3 + 42.9 and 171.8 + 59.9 Nm, respectively. Changes in peak torque at 60°.s™* for

dominant leg extension can be seen in Figure 4.2.
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Figure 4.2: Percentage change in peak torque at 60°.s* for dominant leg extension in
response to muscle damaging exercise for GOAT, COW, WHEY and CHO. Values are
presented as means = SD, n=8 per group

COW compared to WHEY, had a likely small harmful effect from baseline to 24h (-
11.549.2% vs. -0.246.4%, COW vs. WHEY, respectively), a possible small harmful effect
was observed from baseline to 48h (-10.5£7.1% vs. 1.619.3%, respectively) and a likely
small harmful effect from baseline to 72h (-7.7£9.9% vs. 2.1+4.6%, respectively). At 48h
post muscle damaging exercise comparisons between GOAT and CHO showed a possible
trivial beneficial effect for GOAT and another possible trivial beneficial effect from
baseline to 72h (-4.6+5.9% vs. -8.6+13.9%, respectively). WHEY in comparison to GOAT
had a likely small beneficial effect from baseline to 24h, (-0.246.4% vs. -12.316.4%,
WHEY vs. GOAT, respectively). WHEY had a possible trivial beneficial effect from baseline
to 48h (-1.619.3% vs. -7.617.2%, respectively) and a possible small beneficial effect from
baseline to 72h (2.1+4.6% vs. -4.6+5.9%, respectively). WHEY had a possible small
beneficial effect from baseline to 24h when compared to CHO (-0.216.4% vs. -9.7+16.3%,
WHEY vs. CHO, respectively), and subsequently had a likely small beneficial effect from
baseline to 48h (-1.6%9.3% vs. -12.6+14.1%, respectively) and a likely small beneficial
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effect from baseline to 72h (2.1+4.6% vs. -8.6113.9%, respectively). All other

comparisons were unclear.

A summary of the statistical analysis for peak torque of the dominant leg at 60°.s

extension can be seen in Table 4.2.

Table 4.2 Effect on peak torque 60°.s' dominant leg extension following muscle damage
exercise

VARIABLE TIMEFRAME  MEAN EFFECT, £90% CI  QUALITATIVE INFERENCE EFFECT SIZE

Peak Torque 60°/s Dominant Extension

Cow vs. Cho B-24 1.1,+14.7 Possibly Trivial Trivial (0.06)
B-48 -3.4,+12.6 Unclear Trivial (0.03)

B-72 -1.5,+13.1 Possibly Trivial Trivial (0.05)

Cow vs. Whey B-24 13.8,+10.3 COW Likely Harmful Small (0.37)
B-48 9.7,£9.2 COW Possibly Harmful Small (0.32)

B-72 13.2,+11.1 COW Likely Harmful Small (0.42)

Goat vs. Cho B-24 1.8,+13.7 Possibly Trivial Trivial (0.03)
B-48 6.5,£14.0 GOAT Possibly Beneficial Trivial (0.11)

B-72 5.5,£12.9 GOAT Possibly Beneficial Trivial (0.12)

Goat vs. Whey B-24 -13.3,+6.3 WHEY Likely Beneficial Small (0.27)
B-48 -6.8,+7.9 WHEY Possibly Beneficial Trivial (0.16)

B-72 -8.4,+6.6 WHEY Possibly Beneficial Small (0.23)

Goat vs. Cow B-24 0.5,+8.7 Likely Trivial Trivial (0.02)
B-48 -3.1,+7.2 Likely Trivial Trivial (0.10)

B-72 -3.6,+£8.7 Likely Trivial Trivial (0.08)

Whey vs. Cho B-24 -11.5,+12.5 WHEY Possibly Beneficial Small (0.29)
B-48 -12.6,+11.9 WHEY Likely Beneficial Small (0.34)

B-72 -12.8, £ 10.9 WHEY Likely Beneficial Small (0.43)

Qualitative Inference represents the likelihood that the true value will have the observed magnitude.
Mean effect refers to the first group minus the second group. £ 90% Cl: add and subtract this number to
the mean effect to obtain the 90% confidence intervals for the true difference. Effect size is a quantitative
measure of the magnitude.

4.4 Peak torque 60°.s! non-dominant leg extension

At baseline the peak torque values for non-dominant leg extension at 60°.s for GOAT,
COW, WHEY and CHO were 169.2 + 67.5, 159.6 + 42.1, 143.9 + 36.7, 167.4 + 50.8 Nm,
respectively. Changes in peak torque at 60°.s for non-dominant leg extension can be

seen in Figure 4.3.
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Figure 4.3 Percentage change in peak torque at 60°.s* for non-dominant leg extension
in response to muscle damaging exercise for GOAT, COW, WHEY and CHO. Values are
presented as means + SD, n=8 per group

Compared to WHEY, COW had a very likely small harmful effect from baseline to 24h (-
12.6+8.4% vs. 0.416.9%, COW vs. WHEY, respectively), a possible small harmful effect
from baseline to 48h (-10.917.6% vs. 2.7£9.6%, respectively) and a likely small harmful
effect from baseline to 72h (-8.8+9.5% vs. 1.1+6.3%, respectively). At 24h post muscle
damaging exercise, GOAT compared to CHO had a possible small beneficial effect (-
5.418.6% vs. -14.5£12.5%, GOAT vs. CHO, respectively). GOAT had a possible trivial
beneficial effect from baseline to 48h (-7.6£6.7% vs. -14.6£14.9%, respectively) and from
baselineto 72h (-6.7+11.4% vs. -11.4+10.4%, respectively). Comparisons between WHEY
and GOAT demonstrated a possible small beneficial effect for WHEY from baseline to
24h (0.4+6.9% vs. -5.4+8.6%, WHEY vs. GOAT, respectively) and from baseline to 72h
(1.1+6.3% vs. -6.7£11.4%, respectively). In comparison to COW, GOAT had a possible
small beneficial effect from baseline to 24h (-5.4+8.6% vs. -12.6+8.4%, GOAT vs. COW,
respectively). WHEY had a very likely small beneficial effect compared to CHO from
baseline to 24h (0.4+6.9% vs. -14.5+12.5%, WHEY vs. CHO, respectively), a likely small

beneficial effect was observed from baseline to 48h (-2.749.6% vs. -14.6114.9%,
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respectively) and another likely small beneficial effect from baseline to 72h (1.1+6.3%

vs. -11.4110.4%, respectively). All other comparisons were unclear.

A summary of the statistical analysis for peak torque of the non-dominant leg at 60°.s*

extension can be seen in Table 4.3.

Table 4.3 Effect on peak torque 60°.s' non-dominant leg extension following muscle
damage exercise

VARIABLE TIMEFRAME  MEAN EFFECT, £90% Ci QUALITATIVE INFERENCE EFFECT SIZE

Peak Torque 60°/s Non Dominant Extension

Cow vs. Cho B-24 -3.0,+10.9 Unclear Trivial (0.01)
B-48 -5.5,+13.0 Unclear Trivial (0.10)

B-72 -3.1,+10.8 Unclear Trivial (0.09)

Cow vs. Whey B-24 17.4,+11.0 COW Very Likely Harmful Small (0.56)
B-48 9.5,+9.8 COW Possibly Harmful Small (0.30)

B-72 13.8,+11.3 COW Likely Harmful Small (0.40)

Goat vs. Cho B-24 11.1,+12.1 GOAT Possibly Beneficial Small (0.22)
B-48 9.3,+14.6 GOAT Possibly Beneficial Trivial (0.12)

B-72 5.2,+12.4 GOAT Possibly Beneficial Trivial (0.11)

Goat vs. Whey B-24 -8.8,+8.4 WHEY Possibly Beneficial Small (0.22)
B-48 -4.7,+7.9 Unclear Trivial (0.15)

B-72 -9.7,+9.8 WHEY Possibly Beneficial Small (0.23)

Goat vs. Cow B-24 -7.7,+8.1 GOAT Possibly Beneficial Small (0.23)
B-48 -3.8,+7.2 Unclear Trivial (0.06)

B-72 -2.0,+10.7 Possibly Trivial Trivial (0.05)

Whey vs. Cho B-24 -18.8,+9.4 WHEY Very Likely Beneficial Small (0.57)
B-48 -14.2,+12.2 WHEY Likely Beneficial Small (0.39)

B-72 -14.5,+9.5 WHEY Likely Beneficial Small (0.44)

Qualitative Inference represents the likelihood that the true value will have the observed magnitude.
Mean effect refers to the first group minus the second group. £ 90% Cl: add and subtract this number to
the mean effect to obtain the 90% confidence intervals for the true difference. Effect size is a quantitative
measure of the magnitude.

4.5 Peak torque 180°.s! dominant leg extension

Immediately prior to the muscle damaging exercise peak torque values for dominant leg
extension at 180°.s* for GOAT, COW, WHEY and CHO were 129.0 + 56.6, 119.1 + 36.8,
112.4 + 42.6 and 129.9 + 46.0 Nm, respectively. Changes in peak torque at 180°.s* for

dominant leg extension can be seen in Figure 4.4.
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Figure 4.4 Percentage change in peak torque at 180°.s* for dominant leg extension in
response to muscle damaging exercise for GOAT, COW, WHEY and CHO. Values are
presented as means  SD, n=8 per group

Comparisons between COW and WHEY demonstrated a possible trivial harmful effect
for COW from baseline to 24h (-8.4+15.2% vs. -2.1+4.7%, COW vs. WHEY, respectively),
baseline to 48h (-5.3+17.3% vs. -4.745.5%, respectively) and baseline to 72h (-1.4+12.5%
vs. 6.0+13.9%, respectively). Comparisons between GOAT and CHO demonstrated GOAT
had a possible small beneficial effect from baseline to 48h (-3.0£13.2% vs. -10.618.4%,
GOAT vs. CHO, respectively). WHEY had a possible trivial beneficial effect from baseline
to 72h compared to GOAT (6.0+13.9% vs. -4.5+10.6%, WHEY vs. GOAT, respectively).
Comparisons between WHEY and CHO demonstrated a possible trivial beneficial effect
for WHEY from baseline to 24h (-2.1+4.7% vs. -11.0+7.6%, WHEY vs. CHO, respectively),
baseline to 48h (-4.7+5.5% vs. -10.6+8.4%, respectively) and baseline to 72h (6.0+£13.9%

vs. -7.7£8.8%, respectively). All other comparisons were unclear.

A summary of the statistical analysis for peak torque of the dominant leg at 180°.s!

extension can be seen in Table 4.4.
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Table 4.4 Effect on peak torque 180°.s' dominant leg extension following muscle
damage exercise

VARIABLE TIMEFRAME  MEAN EFFECT, £90% CI  QUALITATIVE INFERENCE EFFECT SIZE

Peak Torque 180°/s Dominant Extension

Cow vs. Cho B-24 -1.2,+13.2 Possibly Trivial Trivial (0.02)
B-48 -4.0,+15.9 Unclear Trivial (0.11)

B-72 -5.1,+10.1 Unclear Trivial (0.14)

Cow vs. Whey B-24 7.4,+£13.7 COW Possibly Harmful Trivial (0.17)
B-48 2.3,£16.4 COW Possibly Harmful Trivial (0.02)

B-72 6.6,£12.4 COW Possibly Harmful Trivial (0.16)

Goat vs. Cho B-24 4.2,+79 Likely Trivial Trivial (0.08)
B-48 8.1,£12.6 GOAT Possibly Beneficial Small (0.20)

B-72 3.3,+10.7 Likely Trivial Trivial (0.10)

Goat vs. Whey B-24 -5.1,+5.3 Unclear Trivial (0.09)
B-48 0.5, +10.6 Likely Trivial Trivial (0.07)

B-72 -8.9,+10.6 WHEY Possibly Beneficial Trivial (0.16)

Goat vs. Cow B-24 -2.8,+12.7 Possibly Trivial Trivial (0.06)
B-48 -3.4,+16.7 Unclear Trivial (0.11)

B-72 2.5,£12.0 Possibly Trivial Trivial (0.04)

Whey vs. Cho B-24 -8.9,+6.5 WHEY Possibly Beneficial Trivial (0.19)
B-48 -9.6,+9.8 WHEY Possibly Beneficial Trivial (0.12)

B-72 -11.2,+9.4 WHEY Possibly Beneficial Small (0.27)

Qualitative Inference represents the likelihood that the true value will have the observed magnitude.
Mean effect refers to the first group minus the second group. + 90% Cl: add and subtract this number to
the mean effect to obtain the 90% confidence intervals for the true difference. Effect size is a quantitative
measure of the magnitude.

4.6 Peak torque 180°.s'! non-dominant leg extension

At baseline the peak torque values at 180°.s* for the non-dominant leg of athletes
consuming GOAT, COW, WHEY or CHO were 129.9+43.2,115.2+34.1,115.6 + 40.9 and
124.2 + 42.2 Nm, respectively. Changes in peak torque at 180°.s* for non-dominant leg

extension can be seen in Figure 4.5.
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Figure 4.5 Percentage change in peak torque at 180°.s* for non-dominant leg extension
in response to muscle damaging exercise for GOAT, COW, WHEY and CHO. Values are
presented as means + SD, n=8 per group

Comparisons between COW and CHO observed COW had a possible trivial beneficial
effect from baseline to 48h (-7.4+10.2% vs. -14.2+9.9%, COW vs. CHO, respectively), and
a possible small beneficial effect from baseline to 72h (-1.4+11.7% vs. -10.246.8%,
respectively). When compared to WHEY, COW had a possible small harmful effect from
baseline to 24h (-11.4+11.1% vs. -4.58.3%, COW vs. WHEY, respectively). GOAT and
CHO comparisons displayed a possible trivial beneficial effect for GOAT from baseline to
24h (-7.1+10.9% vs. -12.3+7.7%, GOAT vs. CHO, respectively), baseline to 48h (-
7.6£11.3% vs. -14.249.9%, respectively) and baseline to 72h (-2.4+13.5% vs. -10.2+6.8%,
respectively). GOAT and COW comparisons showed GOAT had a possible trivial harmful
effect from baseline to 72h (-2.4413.5% vs. -1.4+11.7%, respectively). WHEY compared
to CHO had a possible trivial beneficial effect from baseline to 24h (-4.5£8.3% vs. -
12.3+7.7%, WHEY vs. CHO, respectively). WHEY displayed a possible small beneficial
effect from baseline to 48h (-5.9+4.4% vs. -14.249.9%, respectively) and WHEY had a
possible trivial beneficial effect from baseline to 72h (-4.1+8.7% vs. -10.2+6.8%,

respectively). All other comparisons were unclear.
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A summary of the statistical analysis for peak torque of the non-dominant leg at 180°.s

Lextension can be seen in Table 4.5.

Table 4.5 Effect on peak torque 180°.s! non-dominant leg extension following muscle
damage exercise

VARIABLE TIMEFRAME MEAN EFFECT, £90% CI QUALITATIVE INFERENCE EFFECT SIZE

Peak Torque 180°/s Non Dominant Extension

Cow vs. Cho B-24 -0.9,+10.8 Possibly Trivial Trivial (0.01)
B-48 -7.7,+£10.2 COW Possibly Beneficial Trivial (0.18)

B-72 -8.6,+9.6 COW Possibly Beneficial Small (0.26)

Cow vs. Whey B-24 8.1,+11.4 COW Possibly Harmful Small (0.22)
B-48 2.1,£8.6 Likely Trivial Trivial (0.06)

B-72 -2.5,+9.9 Possibly Trivial Trivial (0.09)

Goat vs. Cho B-24 5.1,+£10.0 GOAT Possibly Beneficial Trivial (0.15)
B-48 6.8, £11.0 GOAT Possibly Beneficial Trivial (0.13)

B-72 7.3,£10.0 GOAT Possibly Beneficial Trivial (0.17)

Goat vs. Whey B-24 -3.9,+9.0 Unclear Trivial (0.05)
B-48 -4.0,+7.1 Possibly Trivial Trivial (0.11)

B-72 0.1,+10.0 Likely Trivial Trivial (0.02)

Goat vs. Cow B-24 -3.4,+11.0 Unclear Small (0.29)
B-48 1.8,+10.2 Possibly Trivial Trivial (0.03)

B-72 2.7,£11.5 GOAT Possibly Harmful Trivial (0.06)

Whey vs. Cho B-24 -8.1,+7.9 WHEY Possibly Beneficial Trivial (0.16)
B-48 -9.8,+8.2 WHEY Possibly Beneficial Small (0.22)

B-72 -6.1,+7.9 WHEY Possibly Beneficial Trivial (0.16)

Qualitative Inference represents the likelihood that the true value will have the observed magnitude.
Mean effect refers to the first group minus the second group. * 90% Cl: add and subtract this number to
the mean effect to obtain the 90% confidence intervals for the true difference. Effect size is a quantitative
measure of the magnitude.

4.7 Peak torque 60°.s dominant leg flexion

Immediately prior to the muscle damaging exercise peak torque values for dominant leg
flexion at 60°.s* for GOAT, COW, WHEY and CHO were 99.2 + 36.9, 92.1 + 28.9, 86.0 +
28.8 and 95.2 + 24.8 Nm, respectively. Changes in peak torque at 60°.s for dominant

leg flexion can be seen in Figure 4.6.
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Figure 4.6 Percentage change in peak torque at 60°.s* for dominant leg flexion in
response to muscle damaging exercise for GOAT, COW, WHEY and CHO. Values are
presented as means + SD, n=8 per group

At 72h post muscle damaging exercise, COW had a possible trivial harmful effect
compared to CHO (-13.1+13.9% vs. -9.5£16.4%, COW vs. CHO, respectively).
Comparisons between COW and WHEY displayed a possible trivial harmful effect for
COW from baseline to 72h (-13.1+13.9% vs. -6.3+11.9%, respectively). Compared to
CHO, GOAT had a possible trivial beneficial effect from baseline to 24h (-10.3+12.8% vs.
-13.4+16.8%, GOAT vs. CHO, respectively). GOAT and COW comparisons revealed GOAT
had a possible trivial harmful effect from baseline to 48h (-14.8+15.2% vs. -7.3+12.1%,
GOAT vs. COW, respectively). WHEY compared to CHO had a possible trivial beneficial
effect from baseline to 24h (-4.2+7.1% vs. -13.4+16.8%, WHEY vs. CHO, respectively). All

other comparisons were unclear.

A summary of the statistical analysis for peak torque of the dominant leg at 60°.s!

flexion can be seen in Table 4.6.
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Table 4.6 Effect on peak torque 60°.s dominant leg flexion following muscle damage

exercise

VARIABLE TIMEFRAME MEAN EFFECT, $90% CI  QUALITATIVE INFERENCE EFFECT SIZE

Peak Torque 60°/s Dominant Flexion
Cow vs. Cho B-24 -5.3,+12.7 Unclear Trivial (0.02)
B-48 -8.9,+ 13.3 Unclear Trivial (0.12)
B-72 -3.0,+ 144 COW Possibly Harmful Trivial (0.19)
Cow vs. Whey B-24 3.1, 11.2 Possibly Trivial Trivial (0.05)
B-48 -7.6,+ 11.8 Unclear Trivial (0.19)
B-72 8.2, 15.6 COW Possibly Harmful Trivial (0.19)
Goat vs. Cho B-24 3.8,£ 14.6 GOAT Possibly Beneficial Trivial (0.04)
B-48 -2.3,+ 15.3 Unclear Trivial (0.09)
B-72 -0.8,+ 13.2 Possibly Trivial Trivial (0.13)
Goat vs. Whey B-24 -8.3,+ 11.2 Possibly Trivial Trivial (0.04)
B-48 -8.9,+ 12.8 Unclear Trivial (0.01)
B-72 -3.3,+ 135 Unclear Trivial (0.08)
Goat vs. Cow B-24 -0.2,+ 12.7 Possibly Trivial Trivial (0.01)
B-48 10.6, £ 16.0 GOAT Possibly Harmful Trivial (0.17)
B-72 -3.8,+ 14.3 Unclear Trivial (0.06)
Whey vs. Cho B-24 -14.9,+ 11.0 WHEY Possibly Beneficial Trivial (0.10)
B-48 -8.8,+12.9 Unclear Trivial (0.04)
B-72 -5.9,+ 12.2 Unclear Trivial (0.03)

Qualitative Inference represents the likelihood that the true value will have the observed magnitude.
Mean effect refers to the first group minus the second group. + 90% Cl: add and subtract this number to
the mean effect to obtain the 90% confidence intervals for the true difference. Effect size is a quantitative
measure of the magnitude.

4.8 Peak torque 60°.s* non-dominant leg flexion

At baseline the peak torque values at 60°.s for the non-dominant leg flexion of athletes

consuming GOAT, COW, WHEY and CHO were 90.4 + 31.0, 85.9 £ 26.7, 83.7 + 27.8 and

83.3 + 19.5 Nm, respectively. Changes in peak torque at 60°.s for non-dominant leg

flexion can be seen in Figure 4.2.
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Figure 4.7 Percentage change in peak torque at 60°.s* for non-dominant leg flexion in
response to muscle damaging exercise for GOAT, COW, WHEY and CHO. Values are
presented as means  SD, n=8 per group

COW compared to CHO had a possible small harmful effect from baseline to 24h (-
11.3+12.9% vs. -8.4+18.0%, COW vs CHO, respectively) and baseline to 48h (-10.9+20.1%
vs. -7.0£24.6%, respectively). COW and WHEY comparisons showed a possible small
harmful effect for COW from baseline to 24h (-11.3+12.9% vs. -3.5£12.9%, COW vs.
WHEY, respectively) and a possible trivial harmful effect from baseline to 48h (-
10.9+20.1% vs. -7.0£17.6%, respectively). GOAT compared to CHO had a possible trivial
beneficial effect from baseline to 72h (-7.0+14.7% vs. -10.4424.1%, GOAT vs. CHO,
respectively). Evaluations between GOAT and COW showed GOAT had a possible trivial
harmful effect from baseline to 24h (-13.1+14.1% vs. -11.3+12.9%, GOAT vs. COW,

respectively). All other comparisons were unclear.

A summary of the statistical analysis for peak torque of the non-dominant leg at 60°.s*

flexion can be seen in Table 4.7.
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Table 4.7 Effect on peak torque 60°.s' non-dominant leg flexion following muscle

damage exercise

VARIABLE TIMEFRAME MEAN EFFECT, $90% CI  QUALITATIVE INFERENCE EFFECT SIZE
Peak Torque 60°/s Non Dominant Flexion

Cow vs. Cho B-24 3.2,£14.2 COW Possibly Harmful Small (0.24)

B-48 4.8,+25.7 COW Possibly Harmful Small (0.24)

B-72 -3.8,+16.4 Unclear Trivial (0.07)

Cow vs. Whey B-24 8.4,£15.3 COW Possibly Harmful Small (0.22)

B-48 5.5,1£23.2 COW Possibly Harmful Trivial (0.09)

B-72 0.0,+16.7 Possibly Trivial Trivial (0.02)

Goat vs. Cho B-24 -6.8,+14.1 Unclear Small (0.30)

B-48 -5.1,+19.6 Unclear Small (0.26)

B-72 2.5,£18.5 GOAT Possibly Beneficial Trivial (0.10)

Goat vs. Whey B-24 -9.4,+3.8 Unclear Small (0.23)

B-48 -3.8,+16.2 Unclear Trivial (0.08)

B-72 1.7,£17.9 Trivial Trivial (0.05)

Goat vs. Cow B-24 1.5,+15.2 GOAT Possibly Harmful Trivial (0.01)

B-48 -1.1,+£21.2 Unclear Trivial (0.00)

B-72 -0.9,+14.7 Possibly Trivial Trivial (0.01)

Whey vs. Cho B-24 -5.8,+13.2 Unclear Trivial (0.04)

B-48 -1.8,+20.4 Unclear Trivial (0.10)

B-72 -5.3,+18.2 Unclear Trivial (0.00)

Qualitative Inference represents the likelihood that the true value will have the observed magnitude.
Mean effect refers to the first group minus the second group. + 90% Cl: add and subtract this number to
the mean effect to obtain the 90% confidence intervals for the true difference. Effect size is a quantitative
measure of the magnitude.

4.9 Peak torque 180°.s'! dominant leg flexion

Immediately prior to the muscle damaging exercise peak torque values for dominant leg

flexion at 180°.s! for GOAT, COW, WHEY and CHO were 74.7 +32.1,69.7 + 29.7, 64.9 +

23.2 and 71.9 + 29.0 Nm, respectively. Changes in peak torque at 180°.s for dominant

leg flexion can be seen in Figure 4.8.
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Figure 4.8 Percentage change in peak torque at 180°.s for dominant leg flexion in
response to muscle damaging exercise for GOAT, COW, WHEY and CHO. Values are
presented as means  SD, n=8 per group

Comparisons between COW and CHO reported a possible small harmful effect for CHO
from baseline to 24h (-6.0+18.1% vs. -8.5+9.2%, COW vs. CHO, respectively), baseline to
48h (-2.6116.4% vs. -3.5+10.4%, respectively) and baseline to 72h (-1.9+17.0% vs. -
5.918.2%, respectively). When compared to WHEY, COW had a possible trivial harmful
effect from baseline to 24h (-6.0£18.1% vs. -1.3£13.6%, COW vs. WHEY, respectively).
However, COW had a possible trivial beneficial effect from baseline to 48h (-2.6£16.4%
vs. -11.4+11.1%, respectively). CHO compared to GOAT had a likely small beneficial
effect from baseline to 48h (-11.4+20.6% vs. -3.5+10.4%, GOAT vs. CHO, respectively).
When compared to COW, GOAT showed a possible trivial harmful effect from baseline
to 48h (-11.4+20.6% vs. -2.6116.4%, respectively) and from baseline to 72h (-9.3+21.2%
vs. -1.9+17.0%, respectively). CHO compared to WHEY had a possible trivial harmful
effect from baseline to 24h (-1.3+13.6% vs. -8.5+9.2%, WHEY vs. CHO, respectively) and
had a possible small harmful effect from baseline to 72h (-3.6£15.1% vs. -5.918.2%,

respectively). All other comparisons were unclear.

A summary of the statistical analysis for peak torque of the dominant leg at 180°.s*

flexion can be seen in Table 4.8.
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Table 4.8 Effect on peak torque 180°.s! dominant leg flexion following muscle damage
exercise

VARIABLE TIMEFRAME  MEAN EFFECT, £90% CI QUALITATIVE INFERENCE EFFECT SIZE

Peak Torque 180°/s Dominant Flexion

Cow vs. Cho B-24 4.0,+14.9 CHO Possibly Harmful Small (0.27)
B-48 5.1,+16.0 CHO Possibly Harmful Small (0.26)

B-72 3.2,£14.8 CHO Possibly Harmful Small (0.22)

Cow vs. Whey B-24 4.6,+14.2 COW Possibly Harmful Trivial (0.19)
B-48 -8.9,+11.7 COW Possibly Beneficial Trivial (0.12)

B-72 -3.2,+12.9 Possibly Trivial Trivial (0.02)

Goat vs. Cho B-24 -6.6, £ 16.8 Unclear Small (0.23)
B-48 -13.9,+17.0 CHO Likely Beneficial Small (0.34)

B-72 -10.5,+18.5 Unclear Small (0.26)

Goat vs. Whey B-24 -8.6,+16.2 Unclear Small (0.20)
B-48 -2.7,+18.0 Unclear Trivial (0.03)

B-72 -5.6, £ 19.1 Unclear Trivial (0.06)

Goat vs. Cow B-24 2.4,£17.9 Possibly Trivial Trivial (0.04)
B-48 10.7, £ 20.9 GOAT Possibly Harmful Trivial (0.10)

B-72 8.2,£21.1 GOAT Possibly Harmful Trivial (0.05)

Whey vs. Cho B-24 7.4,+26.5 CHO Possibly Harmful Trivial (0.08)
B-48 25.1, +30.8 Unclear Small (0.40)

B-72 14.5,+£28.0 CHO Possibly Harmful Trivial (0.26)

Qualitative Inference represents the likelihood that the true value will have the observed magnitude.
Mean effect refers to the first group minus the second group. + 90% Cl: add and subtract this number to
the mean effect to obtain the 90% confidence intervals for the true difference. Effect size is a quantitative
measure of the magnitude.

4.10 Peak torque 180°.s* non-dominant leg flexion

At baseline the peak torque values at 180°.s for the non-dominant leg flexion of
athletes consuming GOAT, COW, WHEY and CHO were 64.1 + 24.7, 64.0 + 22.0, 65.7 +
22.2 and 65.0 + 21.9 Nm, respectively. Changes in peak torque at 180°.s for non-

dominant leg extension can be seen in Figure 4.9.
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Figure 4.9 Percentage change in peak torque at 180°.s for non-dominant leg flexion in
response to muscle damaging exercise for GOAT, COW, WHEY and CHO. Values are
presented as means  SD, n=8 per group

Comparisons between COW and CHO demonstrated COW had a possible trivial harmful
effect from baseline to 24h (-12.8+13.1% vs. -3.5+8.5%, COW vs. CHO, respectively). CHO
compared to GOAT had a possible trivial harmful effect from baseline to 72h (-0.1+17.7%
vs. -4.419.7%, GOAT vs. CHO, respectively). Similarly, WHEY compared to GOAT had a
possible trivial harmful effect from baseline to 72h (-1.517.5% vs. -0.1+17.7%, WHEY
vs. GOAT, respectively). When compared to GOAT, COW had a possible trivial harmful
effect from baseline to 24h (-7.4+20.7% vs. -12.8+13.1%, GOAT vs. COW, respectively)
and baseline to 48h (-7.6£24.3% vs. -13.3£17.1%, respectively). However, GOAT had a
possible trivial harmful effect from baseline to 72h (-0.1+17.7% vs. 5.1+21.1%,
respectively). From baseline to 24h, WHEY had a possible trivial harmful effect
compared to CHO (-7.5+11.6% vs. -3.5+8.5%, WHEY vs. CHO, respectively) and alike from
baseline to 48h (-8.7+10.0 vs. -5.0+14.9, respectively). All other comparisons were

unclear.

A summary of the statistical analysis for peak torque of the non-dominant leg at 180°.s

1 flexion can be seen in Table 4.9.
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Table 4.9 Effect on peak torque 180°.s' non-dominant leg flexion following muscle

damage exercise

VARIABLE TIMEFRAME  MEAN EFFECT, $90% CI QUALITATIVE INFERENCE EFFECT SIZE
Peak Torque 180°/s Non Dominant Flexion

Cow vs. Cho B-24 0.8,+20.6 COW Possibly Harmful Trivial (0.09)

B-48 -0.7,+£27.8 Unclear Trivial (0.01)

B-72 -8.0,+13.4 Unclear Trivial (0.17)

Cow vs. Whey B-24 6.0,£19.1 Unclear Trivial (0.06)

B-48 3.8,+25.2 Unclear Trivial (0.13)

B-72 -5.9,+17.3 Unclear Trivial (0.10)

Goat vs. Cho B-24 -5.8,+17.4 Unclear Trivial (0.01)

B-48 -4.6, £ 20.2 Unclear Trivial (0.10)

B-72 3.8,£14.9 CHO Possibly Harmful Trivial (0.01)

Goat vs. Whey B-24 -5.8,+19.5 Unclear Trivial (0.05)

B-48 -5.6, £ 20.6 Unclear Trivial (0.12)

B-72 1.6,+18.6 WHEY Possibly Harmful Trivial (0.04)

Goat vs. Cow B-24 5.7,£26.2 COW Possibly Harmful Trivial (0.02)

B-48 6.0,£32.9 COW Possibly Harmful Trivial (0.01)

B-72 49,+18.4 GOAT Possibly Harmful Trivial (0.06)

Whey vs. Cho B-24 3.0,+15.3 WHEY Possibly Harmful Trivial (0.17)

B-48 -1.0,+15.8 WHEY Possibly Harmful Trivial (0.14)

B-72 -1.4,+16.8 Unclear Trivial (0.06)

Qualitative Inference represents the likelihood that the true value will have the observed magnitude.
Mean effect refers to the first group minus the second group. £ 90% Cl: add and subtract this number to
the mean effect to obtain the 90% confidence intervals for the true difference. Effect size is a quantitative
measure of the magnitude.

4.11 5m sprint performance

Initial 5m sprint times, prior to muscle damaging exercise for GOAT, COW, WHEY and

CHOwere 1.24+0.11,1.20+0.08,1.28 £0.12 and 1.27 £ 0.13 s, respectively. Percentage

change in 5m sprint time performance compared to baseline is presented in Figure 4.10.
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Figure 4.10 Percentage change in 5m sprint performance response to muscle damaging
exercise for GOAT, COW, WHEY and CHO. Values are presented as means * SD, n=8 per

group

Comparisons between COW and CHO showed CHO had a possible trivial beneficial effect
from baseline to 24h (1.445.6% vs. 1.1+4.0%, COW vs. CHO, respectively) and a possible
small beneficial effect from baseline to 48h (1.5£3.7% vs. -0.3+4.2%, respectively) and
baseline to 72h (0.6£3.8% vs. -0.7£2.4%, respectively). COW compared to WHEY had a
likely small harmful effect from baseline to 24h (1.445.6% vs. -1.1+6.2%, COW vs. WHEY,
respectively) and baseline to 48h (1.5+3.7% vs. 1.116.2%, respectively). However, WHEY,
had a possible small harmful effect from baseline to 72h (0.6+3.8% vs. 4.217.7%,
respectively). WHEY compared to CHO had a possible small beneficial effect from
baseline to 24h (-2.8+3.8% vs. -0.0+2.5%, WHEY vs. CHO, respectively). However, WHEY
had a possible small harmful effect from baseline to 72h (4.2+7.7% vs. -0.9+2.4%, WHEY

vs. CHO, respectively). All other comparisons presented unclear outcomes.

A summary of the statistical analysis for 5m sprint performance can be seen in Table

4.10.
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Table 4.10 Effect on 5m sprint performance following muscle damage exercise

VARIABLE TIMEFRAME  MEAN EFFECT, £90% CI  QUALITATIVE INFERENCE EFFECT SIZE

5m SPRINT

Cow vs. Cho B-24 16,+4.7 CHO Possibly Beneficial Trivial (0.13)
B-48 29,255 CHO Possibly Beneficial Small (0.27)

B-72 2.8,+6.1 CHO Possibly Beneficial Small (0.26)

Cow vs. Whey B-24 4.0,£6.6 COW Likely Harmful Small (0.44)
B-48 4.7,+7.1 COW Likely Harmful Small (0.45)

B-72 2.4,+£84 WHEY Possibly Harmful Small (0.22)

Goat vs. Cho B-24 0.4,£4.0 Unclear Trivial (0.11)
B-48 -0.8,+4.9 Unclear Trivial (0.07)

B-72 -2.1,+6.0 Unclear Small (0.29)

Goat vs. Whey B-24 -1.7,£5.7 Unclear Trivial (0.17)
B-48 -2.0,+6.2 Unclear Trivial (0.19)

B-72 -0.5,+8.2 Unclear Trivial (0.04)

Goat vs. Cow B-24 -1.9,+4.9 Unclear Small (0.22)
B-48 -2.0,+5.4 Unclear Small (0.23)

B-72 -1.2,+6.8 Unclear Trivial (0.14)

Whey vs. Cho B-24 -3.4,+45 WHEY Possibly Beneficial Small (0.32)
B-48 -0.8,+5.9 Unclear Trivial (0.07)

B-72 28,73 WHEY Possibly Harmful Small (0.33)

Qualitative Inference represents the likelihood that the true value will have the observed magnitude.
Mean effect refers to the first group minus the second group. + 90% Cl: add and subtract this number to
the mean effect to obtain the 90% confidence intervals for the true difference. Effect size is a quantitative
measure of the magnitude.

4.12 10m sprint performance
Baseline 10m sprint times for those who consumed GOAT, COW, WHEY and CHO were
2.08+0.17,2.02£0.13,2.10 £ 0.16 and 2.09 + 0.20 s, respectively. Percentage change

in 10m sprint time performance compared to baseline is presented in Figure 4.11.
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Figure 4.11 Percentage change in 10m sprint performance response to muscle damaging
exercise for GOAT, COW, WHEY and CHO. Values are presented as means % SD, n=8 per

group

CHO compared to COW had a possible trivial beneficial effect from baseline to 24h
(0.6%24.0% vs. 0.4+2.6%, COW vs. CHO, respectively) and baseline to 48h (-0.3+1.6% vs. -
0.412.8%, respectively). When compared to COW, WHEY had a possible small beneficial
effect from baseline to 24h (0.6+4.0% vs. -1.5£3.3%, COW vs. WHEY, respectively).
However, WHEY had a possible trivial harmful effect from baseline to 72h (1.2+2.4% vs.
1.4+5.1%, respectively). From baseline to 24h, CHO presented a possible small harmful
effect compared to GOAT (-1.1£5.4% vs. -0.6£1.8%, GOAT vs. CHO, respectively).
Comparisons between WHEY and GOAT found a possible trivial harmful effect for WHEY
from baseline to 72h (1.445.1% vs. 0.1+2.9%, WHEY vs. GOAT, respectively). When
compared to CHO, WHEY had a possible small beneficial effect from baseline to 24h (-
1.5+3.3% vs. 0.4+2.6%, WHEY vs. CHO, respectively). However, WHEY had a possible
trivial harmful effect from baseline to 72h (1.4+5.1% vs. -0.3+2.2%, respectively). All

other comparisons were unclear.

A summary of the statistical analysis for 10m sprint performance can be seen in Table

4.11.
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Table 4.11 Effect on 10m sprint performance following muscle damage exercise

VARIABLE TIMEFRAME MEAN EFFECT, $90% CI  QUALITATIVE INFERENCE EFFECT SIZE
10m SPRINT

Cow vs. Cho B-24 0.5,£3.2 CHO Possibly Beneficial Trivial (0.03)

B-48 1.1,+4.0 CHO Possibly Beneficial Trivial (0.12)

B-72 1.2,+4.7 Unclear Trivial (0.11)

Cow vs. Whey B-24 2.1,£3.8 WHEY Possibly Beneficial Small (0.26)

B-48 0.5,£54 Unclear Trivial (0.07)

B-72 0.8,£5.6 WHEY Possibly Harmful Trivial (0.08)

Goat vs. Cho B-24 14,+39 CHO Possibly Harmful Small (0.32)

B-48 -1.5,£3.9 Possibly Trivial Trivial (0.01)

B-72 -1.3,+45 Unclear Small (0.22)

Goat vs. Whey B-24 0.6,£4.1 Unclear Trivial (0.07)

B-48 0.1,£5.1 Unclear Trivial (0.01)

B-72 1.1,+4.8 WHEY Possibly Harmful Trivial (0.12)

Goat vs. Cow B-24 -2.1,+43 Unclear Small (0.24)

B-48 0.2,£4.6 Unclear Trivial (0.02)

B-72 -0.1,+5.8 Unclear Trivial (0.01)

Whey vs. Cho B-24 -1.9,+15 WHEY Possibly Beneficial Small (0.22)

B-48 1.5,£3.2 Unclear Trivial (0.01)

B-72 1.5,+£3.7 WHEY Possibly Harmful Trivial (0.18)

Qualitative Inference represents the likelihood that the true value will have the observed magnitude.
Mean effect refers to the first group minus the second group. + 90% Cl: add and subtract this number to
the mean effect to obtain the 90% confidence intervals for the true difference. Effect size is a quantitative
measure of the magnitude.

4.13 20m sprint performance

Initial 20m sprint times prior to muscle damaging exercise were 3.52+0.34s,3.47 £ 0.24

s,3.56 £0.25 s and 3.52 £ 0.33 s for those who consumed GOAT, COW, WHEY and CHO,

respectively. Percentage change in 20m sprint time performance compared to baseline

is presented in Figure 4.12.
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Figure 4.12 Percentage change in 20m sprint performance response to muscle damaging
exercise for GOAT, COW, WHEY and CHO. Values are presented as means % SD, n=8 per

group

COW compared to CHO had a possible trivial harmful effect from baseline to 24h
(0.322.6% vs. -0.9+1.5%, COW vs. CHO, respectively). However, CHO had a possible
trivial harmful effect from baseline to 48h (-3.1£8.0% vs. -0.8+2.1%, respectively).
Compared to WHEY, COW had a possible small harmful effect from baseline to 24h
(0.5%2.6% vs. -1.841.7%, COW vs. WHEY, respectively). CHO had a possible trivial
harmful effect from baseline to 24h compared to GOAT (-1.6+4.3% vs. -0.9+1.5%, GOAT
vs. CHO, respectively). WHEY compared to GOAT had a possible trivial harmful effect
from baseline to 48h (1.5+3.8% vs. 0.1£2.8%, WHEY vs. GOAT, respectively) and a
possible small harmful effect from baseline to 72h (1.8%3.8% vs. 0.3+1.8%, respectively).
GOAT had a possible small beneficial effect compared to COW from baseline to 24h, (-
1.6+4.3% vs. 0.3+2.6%, GOAT vs. COW, respectively) and baseline to 72h (0.4+1.8% vs.
1.2+2.0%, respectively). WHEY compared to CHO had a possible trivial harmful effect
from baseline to 48h (1.5+3.8% vs. -0.8+2.1%, WHEY vs. CHO, respectively) and baseline
to 72h (1.8+3.8% vs. 1.5+2.6%, respectively).
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A summary of the statistical analysis for 20m sprint performance can be seen in Table

4.12.

Table 4.12 Effect on 20m sprint performance following muscle damage exercise

VARIABLE TIMEFRAME  MEAN EFFECT, £90% CI QUALITATIVE INFERENCE EFFECT SIZE
20m SPRINT

Cow vs. Cho B-24 1.4,£2.0 COW Possibly Harmful Trivial (0.14)

B-48 1.2,£2.8 CHO Possibly Harmful Trivial (0.13)

B-72 1.0,£2.7 Unclear Trivial (0.10)

Cow vs. Whey B-24 39,70 COW Possibly Harmful Small (0.45)

B-48 -0.4,+3.6 Unclear Trivial (0.05)

B-72 -0.5,+4.0 Unclear Trivial (0.07)

Goat vs. Cho B-24 0.8,+2.7 CHO Possibly Harmful Trivial (0.06)

B-48 0.1,£29 Possibly Trivial Trivial (0.02)

B-72 19,+4.1 Possibly Trivial Trivial (0.17)

Goat vs. Whey B-24 -0.3,+2.7 Possibly Trivial Trivial (0.06)

B-48 1.3,£3.7 WHEY Possibly Harmful Trivial (0.12)

B-72 33,£5.0 WHEY Possibly Harmful Small (0.34)

Goat vs. Cow B-24 -2.3,+2.8 GOAT Possibly Beneficial Small (0.23)

B-48 -1.4,+33 Unclear Trivial (0.13)

B-72 -3.1,+4.2 GOAT Possibly Beneficial Small (0.32)

Whey vs. Cho B-24 09,+15 Likely Trivial Trivial (0.11)

B-48 1.5,+3.2 WHEY Possibly Harmful Trivial (0.16)

B-72 15,+3.7 WHEY Possibly Harmful Trivial (0.17)

Qualitative Inference represents the likelihood that the true value will have the observed magnitude.
Mean effect refers to the first group minus the second group. * 90% Cl: add and subtract this number to
the mean effect to obtain the 90% confidence intervals for the true difference. Effect size is a quantitative
measure of the magnitude.
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4.14 Reactive strength index (RSI)
Baseline reactive strength index (RSI) values for GOAT, COW, WHEY and CHO were 0.81
+0.19, 0.96 + 0.26, 0.91 + 0.25 and 0.96 + 0.23 Nm.s™}, respectively. Changes in RSI can

be seen in Figure 4.13.
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Figure 4.13 Percentage change in reactive strength index in response to muscle
damaging exercise for GOAT, COW, WHEY and CHO. Values are presented as means *
SD, n=8 per group

COW compared to CHO had a possible small beneficial effect from baseline to 48h (-
10.4+6.2% vs. -15.1£15.4%, COW vs. CHO, respectively). Despite this, COW had a
possible trivial harmful effect from baseline to 72h (-0.9114.7% vs. 1.9+20.7%,
respectively). GOAT compared to CHO, had a possible small beneficial effect from
baseline to 48h (-4.5422.7% vs. -15.1+14.4%, GOAT vs. CHO, respectively). However,
GOAT had a likely small harmful effect from baseline to 72h (-11.1+26.2% vs. 1.9422.6%,
respectively). From baseline to 48h, GOAT had a possible small beneficial effect
compared to WHEY (-4.5+22.7 vs. -9.24+17.2%, GOAT vs. WHEY, respectively). GOAT and
COW comparisons revealed a possible trivial harmful effect for GOAT from baseline to
24h (-6.2+18.2% vs. -4.919.6%, GOAT vs. COW, respectively) and a likely small harmful
effect from baseline to 72h (-11.1 £ 26.2% vs. -0.9+14.7%, respectively). WHEY had a

81



possible small harmful effect from baseline to 72h compared to CHO (-4.216.6% vs.

1.94£20.7%, WHEY vs. CHO, respectively). All other comparisons were unclear.

A summary of the statistical analysis for RSl can be seen in Table 4.13.

Table 4.13 Effect on RSI following muscle damage exercise

VARIABLE TIMEFRAME MEAN EFFECT, $90% CI  QUALITATIVE INFERENCE EFFECT SIZE
RSI

Cow vs. Cho B-24 -4.5,+14.9 Unclear Trivial (0.12)

B-48 -11.8,+15.3 COW Possibly Beneficial Small (0.38)

B-72 8.7,£18.8 COW Possibly Harmful Trivial (0.05)

Cow vs. Whey B-24 0.6,+11.3 Possibly Trivial Trivial (0.01)

B-48 -6.1,+14.4 Unclear Small (0.20)

B-72 -3.3,+10.9 Unclear Trivial (0.13)

Goat vs. Cho B-24 0.5,+18.9 Unclear Trivial (0.02)

B-48 11.6,+24.6 GOAT Possibly Beneficial Small (0.45)

B-72 -24.3,+19.8 GOAT Likely Harmful Small (0.59)

Goat vs. Whey B-24 -5.7,+14.3 Unclear Trivial (0.16)

B-48 2.9,+21.7 GOAT Possibly Beneficial Small (0.21)

B-72 -11.4,+20.1 Unclear Small (0.30)

Goat vs. Cow B-24 4.4,+15.8 GOAT Possibly Harmful Trivial (0.10)

B-48 -1.3,+19.7 Unclear Trivial (0.13)

B-72 16.6, +29.0 GOAT Likely Harmful Small (0.42)

Whey vs. Cho B-24 -5.2,+15.4 Unclear Trivial (0.14)

B-48 -4.2,+17.7 Unclear Trivia (0.11)

B-72 14.1,+18.5 WHEY Possibly Harmful Small (0.22)

Qualitative Inference represents the likelihood that the true value will have the observed magnitude.
Mean effect refers to the first group minus the second group. + 90% Cl: add and subtract this number to
the mean effect to obtain the 90% confidence intervals for the true difference. Effect size is a quantitative
measure of the magnitude.
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4.15 Rate of force development (RFD) — dominant leg
Baseline rate of force development (RFD) values for GOAT, COW, WHEY and CHO were
0.73+0.34,0.72+0.17,0.64 £ 0.30 and 0.55 + 0.19 Nm.s%, respectively. Changes in RFD

for dominant leg can be seen in Figure 4.14.
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Figure 4.14 Percentage change in rate of force development of dominant leg in response
to muscle damaging exercise for GOAT, COW, WHEY and CHO. Values are presented as
means + SD, n=8 per group

Comparisons between COW and CHO presented a possible small harmful effect for COW
from baseline to 48h (-16.7+10.2% vs. -1.7+27.0%, COW vs. CHO, respectively) and
baseline to 72h (-16.9+20.4% vs. -0.2+31.8%, respectively). Compared to WHEY, COW
had a possible small harmful effect from baseline to 24h (-11.5£19.6% vs. -0.8+13.0%,
COW vs. WHEY, respectively), baseline to 48h (-17.1+10.9% vs. -3.4+15.8%, respectively)
and a likely small harmful effect from baseline to 72h (-15.3+21.5% vs. 8.8+16.4%,
respectively). From baseline to 24h, GOAT had a likely small harmful effect compared to
WHEY (-15.5£16.7% vs. 0.8413.0%, GOAT vs. WHEY, respectively), a possible trivial
harmful effect from baseline to 48h (-14.3+9.5% vs. -3.4+15.8%, respectively) and a likely
small harmful effect from baseline to 72h (-15.2+12.7% vs. 8.8£16.4%, respectively).

Compared to GOAT, COW had a possible trivial harmful effect from baseline to 48h (-
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14.3+9.5% vs. -16.7+10.2%, GOAT vs. COW, respectively). All other comparisons were

unclear.

A summary of the statistical analysis for dominant leg RFD can be seen in Table 4.14.

Table 4.14 Effect on RFD in dominant leg following muscle damage exercise

VARIABLE TIMEFRAME  MEAN EFFECT, $90% CI QUALITATIVE INFERENCE EFFECT SIZE
RFD Dominant Leg

Cow vs. Cho B-24 -2.0,+27.0 Unclear Small (0.21)

B-48 15.8,+29.1 COW Possibly Harmful Small (0.54)

B-72 18.7,+37.2 COW Possibly Harmful Small (0.53)

Cow vs. Whey B-24 13.0,+24.5 COW Possibly Harmful Small (0.21)

B-48 15.9,+19.5 COW Possibly Harmful Small (0.30)

B-72 29.7,+32.3 COW Likely Harmful Small (0.53)

Goat vs. Cho B-24 -12.3,+22.4 Unclear Small (0.42)

B-48 -11.3,+£229 Unclear Small (0.35)

B-72 -12.0, £ 25.9 Unclear Small (0.33)

Goat vs. Whey B-24 -15.1,+ 145 GOAT Likely Harmful Small (0.24)

B-48 -10.1,+13.1 GOAT Possibly Harmful Trivial (0.19)

B-72 -21.2,+12.2 GOAT Likely Harmful Small (0.40)

Goat vs. Cow B-24 4.4, +23.7 Possibly Trivial Trivial (0.17)

B-48 -3.6,+13.2 COW Possibly Harmful Trivial (0.06)

B-72 -2.0,+23.0 Unclear Trivial (0.02)

Whey vs. Cho B-24 -7.6,+19.6 Unclear Small (0.40)

B-48 -0.6,+24.8 Unclear Small (0.28)

B-72 -12.1,+24.2 Unclear Small (0.37)

Qualitative Inference represents the likelihood that the true value will have the observed magnitude.
Mean effect refers to the first group minus the second group. + 90% Cl: add and subtract this number to
the mean effect to obtain the 90% confidence intervals for the true difference. Effect size is a quantitative
measure of the magnitude.
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4.16 Rate of force development (RFD) — non-dominant leg

Immediately prior to the damage inducing exercise baseline rate of force development
(RFD) values in the non-dominant leg of those who consumed GOAT, COW, WHEY and
CHO were 0.63 + 0.29, 0.66 * 0.16, 0.64 + 0.39 and 0.58 + 0.20 Nm.s™}, respectively.

Changes in RFD for dominant leg can be seen in Figure 4.15.
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Figure 4.15 Percentage change in rate of force development of non-dominant leg in
response to muscle damaging exercise for GOAT, COW, WHEY and CHO. Values are
presented as means + SD, n=8 per group

COW compared to CHO had a possible small beneficial effect from baseline to 72h (-
17.3+13.4% vs. -23.3+17.1%, COW vs. CHO, respectively). WHEY and COW comparisons
demonstrated COW had a likely small harmful effect from baseline to 24h (-26.6+3.3%
vs. -7.5£20.1%, COW vs. WHEY, respectively), and a likely trivial harmful effect from
baseline to 48h (-24.8+13.6% vs. -18.7+12.8%, respectively) and baseline to 72h (-
17.3+13.4% vs. -13.4+19.3%, respectively). GOAT compared to CHO had a possible small
beneficial effect from baseline to 24h (-9.3+30.2% vs. -24.1+17.5%, GOAT vs. CHO,
respectively), and a likely small beneficial effect from baseline to 48h (-7.6£28.1% vs. -
24.7+22.8%, respectively), and baseline to 72h (-6.7+29.3% vs. -23.3%17.1%,

respectively). GOAT compared to COW had a likely small beneficial effect from baseline
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to 48h (-7.6+£28.1% vs. -24.8+13.6%, GOAT vs. COW, respectively).

Comparisons

between WHEY and CHO presented a very likely small beneficial effect for WHEY from

baseline to 24h (-7.5£20.1% vs. -24.1+17.5%, WHEY vs. CHO, respectively) and a likely

small beneficial effect from baseline to 48h (-18.7+12.8% vs. -24.7+22.8%, respectively)

and baseline to 72h (-13.4£19.3% vs. —23.31£17.1%, respectively). All other comparisons

were unclear.

A summary of the statistical analysis for non-dominant leg RFD can be seen in Table 4.15.

Table 4.15 Effect on RFD in non-dominant leg following muscle damage exercise

VARIABLE TIMEFRAME MEAN EFFECT, £90% Cl QUALITATIVE INFERENCE EFFECT SIZE
RFD Non Dominant Leg

Cow vs. Cho B-24 -7.7,+15.0 Unclear Small (0.21)

B-48 -3.5,+20.0 Unclear Small (0.20)

B-72 -12.2,+125 COW Possibly Beneficial Small (0.44)

Cow vs. Whey B-24 24.6,+23.7 COW Likely Harmful Small (0.29)

B-48 19.5, +25.3 COW Likely Harmful Trivial (0.13)

B-72 14.1,+25.8 COW Possibly Harmful Trivial (0.08)

Goat vs. Cho B-24 18.1,+31.5 GOAT Possibly Beneficial Small (0.38)

B-48 25.9,+33.4 GOAT Likely Beneficial Small (0.45)

B-72 23.2,+32.1 GOAT Likely Beneficial Small (0.46)

Goat vs. Whey B-24 -11.0,+25.1 Unclear Trivial (0.06)

B-48 -0.5, + 26.8 Unclear Trivial (0.09)

B-72 -5.6, + 28.6 Unclear Trivial (0.02)

Goat vs. Cow B-24 -7.8,+£24.0 Unclear Small (0.24)

B-48 -16.7,+20.4 GOAT Likely Beneficial Small (0.31)

B-72 -7.7,+25.2 Unclear Trivial (0.15)

Whey vs. Cho B-24 -17.5,+25.4 WHEY Very Likely Beneficial Small (0.40)

B-48 -0.4,+28.4 WHEY Likely Beneficial Small (0.28)

B-72 -12.0,+22.3 WHEY Likely Beneficial Small (0.37)

Qualitative Inference represents the likelihood that the true value will have the observed magnitude.
Mean effect refers to the first group minus the second group. + 90% Cl: add and subtract this number to
the mean effect to obtain the 90% confidence intervals for the true difference. Effect size is a quantitative

measure of the magnitude.
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4.17 Serum Creatine Kinase
Serum creatine kinase baseline values prior to muscle damaging exercise for GOAT,
COW, WHEY and CHO were 284.6 £+ 278.4,152.6 £ 113.0, 186.5 £ 76.4 and 172.3 £ 113.1

U.L, respectively. Changes in CK levels can be seen in Figure 4.16.
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Figure 4.16 Percentage change of serum CK values in response to muscle damaging
exercise for GOAT, COW, WHEY and CHO. Values are presented as means % SD, n=8 per

group

Increases in CK for those consuming COW compared to CHO showed a likely large
harmful effect from baseline to 2h, a likely very large harmful effect from baseline to
24h, baseline to 48h and baseline to 72h. Comparisons between COW and WHEY
showed increases in COW had a likely large harmful effect from baseline to 2h, a very
likely extremely large harmful effect from baseline to 24h and a very likely very large
harmful effect from baseline to 48h and baseline to 72h. Increases in CK for those
consuming GOAT compared to CHO had a likely moderate harmful effect from baseline
to 2h. Comparisons between GOAT and WHEY had a likely moderate harmful effect for
GOAT from baseline to 2h and baseline to 24h with a likely small harmful effect from
baseline to 48h and baseline to 72h. Less severe CK increases in GOAT compared to COW
had a likely large beneficial effect from baseline to 24h and a likely moderate beneficial

effect from baseline to 48h and baseline to 72h. CK levels in CHO compared to WHEY
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had a likely moderate harmful effect from baseline to 24h, a possibly moderate harmful

effect from baseline to 48h and a possibly small harmful effect from baseline to 72h.

A summary of the statistical analysis for CK serum levels can be seen in Table 4.16.

Table 4.16 Effects on increases in CK following muscle damaging exercise

VARIABLE

TIMEFRAME

MEAN EFFECT,

QUALITATIVE INFERENCE

EFFECT SIZE

x/+90% ClI
CK
Cow vs. Cho B-2h 1.815 x/+ 1.906 COW Likely Harmful Large (1.77)
B-24 1.878 x/+ 2.503 COW Likely Harmful Very Large (3.43)
B-48 1.987 x/+2.222 COW Likely Harmful Very Large (2.07)
B-72 2.188 x/+ 2.042 COW Likely Harmful Very Large (2.23)
Cow vs. Whey B-2h 2.037 x/+ 1.947 COW Likely Harmful Large (1.55)
B-24 2.929 x/+2.358 COW Very Likely Harmful  Extremely Large (4.95)
B-48 2.630x/+2.175 COW Very Likely Harmful Very Large (3.00)
B-72 2.814 x/+1.984 COW Very Likely Harmful Very Large (3.15)
Goat vs. Cho B-2h 1.302 x/+ 1.542 GOAT Likely Harmful Moderate (1.03)
B-24 0.971 x/+ 1.810 Unclear Small (0.42)
B-48 0.860 x/+ 1.605 Unclear Trivial (0.04)
B-72 1.078 x/+ 1.583 Unclear Trivial (0.10)
Goat vs. Whey B-2h 1.461 x/+ 1.608 GOAT Likely Harmful Moderate (0.85)
B-24 1.514 x/+ 1.541 GOAT Likely Harmful Moderate (0.91)
B-48 1.138 x/+ 1.499 GOAT Likely Harmful Small (0.33)
B-72 1.386 x/+ 1.496 GOAT Likely Harmful Small (0.38)
Goat vs. Cow B-2h 0.717 x/+ 1.809 Unclear Trivial (0.10)
B-24 0.517 x/+ 2.287 GOAT Likely Beneficial Large (1.36)
B-48 0.433 x/+ 2.155 GOAT Likely Beneficial Moderate (1.03)
B-72 0.492 x/+ 1.976 GOAT Likely Beneficial Moderate (1.05)
Whey vs. Cho B-2h 1.222 x/+1.726 Unclear Small (0.50)
B-24 1.560 x/+ 1.883 CHO Likely Harmful Moderate (1.00)
B-48 1.323 x/+ 1.643 CHO Possibly Harmful Moderate (0.61)
B-72 1.286 x/+ 1.604 CHO Possibly Harmful Small (0.58)

Qualitative Inference represents the likelihood that the true value will have the observed magnitude.
Mean effect refers to the first group minus the second group. x/+ 90% Cl: add and subtract this number
to the mean effect to obtain the 90% confidence intervals for the true difference. Effect size is a
quantitative measure of the magnitude.
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4.18 Muscle Soreness

At 24h post muscle damaging exercise all groups indicated an increase in muscle
soreness of both the dominant and non-dominant legs. Soreness peaked at 24h for
GOAT, COW, CHO and for WHEY at 48h. By 72h soreness had started to return towards

baseline values. Changes in muscle soreness can be seen in Figure 4.17.
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Figure 4.17 Muscle soreness in response to muscle damaging exercise for GOAT, COW,
WHEY and CHO. Values are presented as means * SD, n=8 per group

COW had a possible small beneficial effect compared to CHO from baseline to 48h and
a possible trivial beneficial effect from baseline to 72h. WHEY had a likely small beneficial
effect from baseline to 24h when compared to COW but had a possible trivial harmful
effect from baseline to 48h. GOAT had a possible trivial beneficial effect from baseline
to 24h, baseline to 72h and had a possible small beneficial effect from baseline to 48h
when compared to CHO. GOAT had a possible trivial beneficial effect from baseline to
48h and baseline to 72h in comparison to WHEY. GOAT had a possible trivial beneficial
effect from baseline to 24h and baseline to 72h compared to COW. WHEY had a likely
small beneficial effect from baseline to 24h compared to CHO and a possible trivial

beneficial effect from baseline to 48h and baseline to 72h.

A summary of the statistical analysis for muscle soreness can be seen in Table 4.17.
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Table 4.17 Effects on soreness following muscle damaging exercise

GROUPS TIMEFRAME MEAN EFFECT QUALITATIVE INFERENCE  EFFECT SIZE
Cow vs. Cho B-24 -0.3,+1.8 Unclear Trivial
B-48 14,+24 COW Possibly Beneficial Small
B-72 05,1.9 COW Possibly Beneficial Trivial
Cow vs. Whey B-24 -1.8,+1.8 WHEY Likely Beneficial Small
B-48 0.8,£2.0 WHEY Possibly Harmful Trivial
B-72 -04,+1.7 Unclear Trivial
Goat vs. Cho B-24 05,18 GOAT Possibly Beneficial Trivial
B-48 14,+21 GOAT Likely Beneficial Small
B-72 1.3,+2.0 GOAT Possibly Beneficial Small
Goat vs. Whey B-24 -09,+1.8 Unclear Trivial
B-48 0.8,t1.6 GOAT Possibly Beneficial Trivial
B-72 04,+1.7 GOAT Possibly Beneficial Trivial
Goat vs. Cow B-24 0.8,+1.9 GOAT Possibly Beneficial Trivial
B-48 0.0,£2.0 Unclear Trivial
B-72 0.8,+1.8 GOAT Possibly Beneficial Trivial
Whey vs. Cho B-24 14,+1.7 WHEY Likely Beneficial Small
B-48 0.6,t2.1 WHEY Possibly Beneficial Trivial
B-72 0.9,+1.9 WHEY Likely Beneficial Trivial

Qualitative Inference represents the likelihood that the true value will have the observed magnitude.
Mean effect refers to the first group minus the second group. * 90% Cl: add and subtract this number to
the mean effect to obtain the 90% confidence intervals for the true difference. Effect size is a quantitative
measure of the magnitude.
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4.19 Muscle Tiredness
At 24h post muscle damaging exercise all groups indicated an increase in muscle
tiredness of both the dominant and non-dominant legs. By 72h tiredness had started to

return towards baseline values. Changes in muscle tiredness can be seen in Figure 4.18.
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Figure 4.18 Muscle tiredness in response to muscle damaging exercise for GOAT, COW,
WHEY and CHO. Values are presented as means * SD, n=8 per group

COW had a possible trivial beneficial effect from baseline to 24h, baseline to 72h and a
possible small beneficial effect from baseline to 48h in comparison to CHO. WHEY had a
likely small beneficial effect from baseline to 24h, however, had a possible trivial harmful
effect from baseline to 48h and baseline to 72h when compared to COW. GOAT had a
possible trivial beneficial effect from baseline to 24h and baseline to 72h when
compared to CHO and a likely small beneficial effect from baseline to 48h. GOAT when
compared to WHEY had a possible beneficial effect from baseline to 48h and baseline to
72h. GOAT had a possible trivial beneficial effect in comparison to COW from baseline
to 24h and baseline to 48h. WHEY had a likely small beneficial effect compared to CHO

from baseline to 24h and a possible trivial beneficial effect from baseline to 48h.
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A summary of the statistical analysis for muscle tiredness can be seen in Table 4.18.

Table 4.18 Effect on tiredness following muscle damaging exercise

GROUPS TIMEFRAME MEAN EFFECT  QUALITATIVE INFERENCE  EFFECT SIZE
Cow vs. Cho B-24 0.2,£1.5 COW Possibly Beneficial Trivial
B-48 1.3,+2.1 COW Possibly Beneficial Small
B-72 0.6,£1.9 COW Possibly Beneficial Trivial
Cow vs. Whey B-24 -1.4,+15 WHEY Likely Beneficial Small
B-48 0.6,+1.8 WHEY Possibly Harmful Trivial
B-72 0.5,+1.8 WHEY Possibly Harmful Trivial
Goat vs. Cho B-24 0.8,+1.6 GOAT Possibly Beneficial Trivial
B-48 1.6,+1.8 GOAT Likely Beneficial Small
B-72 0.4,+1.8 GOAT Possibly Beneficial Trivial
Goat vs. Whey B-24 -0.8,+1.6 Unclear Trivial
B-48 09,14 GOAT Possibly Beneficial Trivial
B-72 0.3,+1.7 GOAT Possibly Beneficial Trivial
Goat vs. Cow B-24 0.6,£1.5 GOAT Possibly Beneficial Trivial
B-48 0.4,+1.6 GOAT Possibly Beneficial Trivial
B-72 -0.3,+1.6 Unclear Trivial
Whey vs. Cho B-24 16,+1.6 WHEY Likely Beneficial Small
B-48 0.7,£2.0 WHEY Possibly Beneficial Trivial
B-72 0.1,£2.0 Unclear Trivial

Qualitative Inference represents the likelihood that the true value will have the observed magnitude.
Mean effect refers to the first group minus the second group. * 90% Cl: add and subtract this number to
the mean effect to obtain the 90% confidence intervals for the true difference. Effect size is a quantitative
measure of the magnitude.

92



4.20 DALDA
The validated Daily Analyses of Life Demands of Athletes (DALDA) questionnaire gave a

perceived measure of the athlete’s response to recovery as illustrated in Figure 4.19.
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Figure 4.19 Perceived recovery in response to muscle damaging exercise for GOAT,
COW, WHEY and CHO. Values are presented as means * SD, n=8 per group

COW had a likely small beneficial effect from baseline to 24h, baseline to 48h and a likely
trivial beneficial effect from baseline to 72h compared to CHO. GOAT had a likely small
beneficial effect from baseline to 24h and baseline to 48h compared to CHO. WHEY had
a likely trivial beneficial effect from baseline to 24h and a likely small beneficial effect

from baseline to 48h compared to CHO. All other comparisons were unclear.

A summary of the statistical analysis for DALDA can be seen in Table 4.19.
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Table 4.19 Perceived reception of recovery from DALDA questionnaire following muscle
damaging exercise

GROUPS TIMEFRAME MEAN EFFECT  QUALITATIVE INFERENCE  EFFECT SIZE
Cow vs. Cho B-24 3.4,£2.7 COW Likely Beneficial Small
B-48 34,+3.1 COW Likely Beneficial Small
B-72 1.6,+25 COW Likely Beneficial Trivial
Cow vs. Whey B-24 1.4,+3.2 Unclear Trivial
B-48 0.6,+2.2 Unclear Trivial
B-72 1.1,+2.1 Unclear Trivial
Goat vs. Cho B-24 3.1,+2.8 GOAT Likely Beneficial Small
B-48 3.6,£3.2 GOAT Likely Beneficial Small
B-72 1.0,+2.7 Unclear Trivial
Goat vs. Whey B-24 1.1,+3.3 Unclear Trivial
B-48 09,24 Unclear Trivial
B-72 0.5,x24 Unclear Trivial
Goat vs. Cow B-24 0.3,x19 Unclear Trivial
B-48 0.3,+£2.2 Unclear Trivial
B-72 0.6,£2.3 Unclear Trivial
Whey vs. Cho B-24 2.0,+3.8 WHEY Likely Beneficial Trivial
B-48 2.8,+3.3 WHEY Likely Beneficial Small
B-72 0.5,+2.6 Unclear Trivial

Qualitative Inference represents the likelihood that the true value will have the observed magnitude.
Mean effect refers to the first group minus the second group. * 90% Cl: add and subtract this number to
the mean effect to obtain the 90% confidence intervals for the true difference. Effect size is a quantitative
measure of the magnitude.
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4.21 Palatability

The Likert Scale represented participant’s opinion to drinks that were agreeable to the
palate as illustrated in illustrated in Figure 4.20.
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Figure 4.20 Palatability scores for consumption of GOAT, COW, WHEY and CHO.
1=good/none/comfortable, 5=bad/much/very uncomfortable. Values are presented as
means + SD, n=8 per group

Consumption of COW post-exercise displayed a possible small better effect for smell,
taste and pleasure on the palate with a likely small better effect for aftertaste and a
possible trivial effect on stomach comfort compared to CHO consumption. Consumption
of COW compared to WHEY showed a possible small better effect for smell and stomach
comfort, a very likely moderate better effect for taste and pleasure on the palate and a
likely small better effect for aftertaste. GOAT consumption had a possible small better
effect for smell and taste, a likely small better effect for aftertaste, a possible trivial
better effect on pleasure on the palate and a possible trivial better effect on stomach
comfort compared to CHO. GOAT consumption versus WHEY consumption showed a
likely small better effect for GOAT for smell, taste, aftertaste and pleasure on the palate
and a possible small better effect on stomach comfort. Consumption of GOAT compared
to COW had trivial effects for smell, aftertaste and stomach comfort and unclear effects
for taste and pleasure on the palate. Consumption of CHO post-exercise had a likely
small better effect on taste and pleasure on the palate compared to WHEY. All other

comparisons were unclear.
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A summary of the statistical analysis for palatability can be seen in Table 4.20.

Table 4.20 Comparison of palatability scores among groups

GROUPS MEASURE QUALITATIVE INFERENCE EFFECT SIZE
Cow vs. Cho Smell COW Possibly Better Small
Taste COW Possibly Better Small
Aftertaste COW Likely Better Small
Pleasure COW Possibly Better Small
Comfort Possibly Trivial Trivial
Cow vs. Whey Smell COW Possibly Better Small
Taste COW Very likely Better Moderate
Aftertaste COW Likely Better Small
Pleasure COW Very likely Better Moderate
Comfort COW Possibly Better Small
Goat vs. Cho Smell GOAT Possibly Better Small
Taste GOAT Possibly Better Small
Aftertaste GOAT Likely Better Small
Pleasure GOAT Possibly Better Trivial
Comfort Possibly Trivial Trivial
Goat vs. Whey Smell GOAT Likely Better Small
Taste GOAT Likely Better Moderate
Aftertaste GOAT Likely Better Small
Pleasure GOAT Likely Better Moderate
Comfort GOAT Possibly Better Small
Goat vs. Cow Smell Likely Trivial Trivial
Taste Unclear Small
Aftertaste Possibly Trivial Trivial
Pleasure Unclear Small
Comfort Possibly Trivial Trivial
Whey vs. Cho Smell Unclear Trivial
Taste CHO Likely Better Small
Aftertaste Possibly Trivial Trivial
Pleasure CHO Likely Better Moderate
Comfort Unclear Small

Qualitative Inference represents the likelihood that the true value will have the observed magnitude.
Effect size is a quantitative measure of the magnitude.
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4.22 Food Diary Analysis

Analysis of food diaries across the 4-day assessment period demonstrated some

variance among food groups for GOAT, COW, WHEY and CHO as illustrated in Table 4.21.

Table 4.21 Energy and macronutrient comparisons between groups across 4-day

assessment
GROUPS FOOD TYPE QUALITATIVE INFERENCE EFFECT SIZE
Cow vs. Cho kCal Unclear Small (0.26)
CHO Unclear Trivial (0.02)
PRO Unclear Trivial (0.19)
FAT CHO Likely Higher Small (0.44)
Cow vs. Whey kCal COW Likely Lower Large (1.25)
CHO COW Likely Lower Large (1.09)
PRO COW Possibly Lower Small (0.34)
FAT COW Likely Lower Large (1.86)
Goat vs. Cho kCal CHO Likely Lower Moderate (0.66)
CHO CHO Likely Lower Large (1.02)
PRO CHO Likely Lower Large (0.81)
FAT CHO Possibly Lower Small (0.21)
Goat vs. Whey kCal Unclear Trivial (0.13)
CHO Unclear Small (0.26)
PRO Unclear Small (0.31)
FAT Unclear Trivial (0.10)
Goat vs. Cow kCal GOAT Likely Higher Moderate (0.68)
CHO GOAT Very Likely Higher Moderate (0.78)
PRO GOAT Likely Higher Small (0.47)
FAT GOAT Likely Higher Moderate (0.68)
Whey vs. Cho kCal CHO Likely Lower Small (0.48)
CHO CHO Likely Lower Moderate (0.68)
PRO Unclear Trivial (0.15)
FAT CHO Likely Lower Small (0.31)

Data is presented as mean values for 4-day assessment period. Qualitative Inference represents the
likelihood that the true value will have the observed magnitude. Effect size is a quantitative measure of

the magnitude.
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CHAPTER 5

DISCUSSION
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5.0 DISCUSSION

The results of this study indicate that the consumption of 750 mL of goats milk, cows
milk and whey protein post muscle damaging exercise attenuated losses for some
muscle function variables and attenuated increases in muscle soreness and tiredness
compared to an energy-matched carbohydrate drink. Although some of the outcomes
were unclear or in fact harmful as detailed in the results section, overall benefits were
possible or likely. Considerable variation was observed across beverages and time
points. Thus, while these beverages may provide valuable recovery interventions for
team field sport athletes, additional investigation is necessary to further elucidate

responses.

Within-group results (Appendix J) demonstrated that completion of the exercise
protocol resulted in reduced muscle function (small-moderate decreases), increased
muscle soreness and tiredness (moderate-large increases) and increased levels of serum
CK concentrations (moderate-large increases). Furthermore, athletes were not fully
recovered by 72 h post exercise. These findings are in agreement with other studies in
which necessary time for variables to return to normal, in particular CK and muscle
soreness, exceeded the 72 h timeframe previously reported (Clarkson and Hubal, 2002;

Rankin etal., 2015).

Overall analysis of data reported protein drinks attenuated losses in muscle function to
a greater extent than CHO and were more beneficial for limiting increases in soreness,
tiredness and daily stresses compared to CHO. However, the benefits observed did not
extend to all variables nor all time points. The benefit of post exercise protein intake
compared to CHO may be as result of the effect on post exercise protein balance.
Following consumption of protein drinks, rapid aminoacidemia occurs, leading to a
positive net protein balance, thus creating an environment for increased MPS (Miller et
al., 2003; Tipton et al., 2004; Bgrsheim et al.,, 2004). Consuming protein and

carbohydrate together has been shown to result in an increased rate of protein
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synthesis, as it is known that the muscle has an enhanced response to protein if itis in a
CHO fed state (Witard et al., 2016) and thus, this leads to a positive protein balance.
However, in this study, a lot of the comparisons were unclear, and WHEY, which did not
contain carbohydrate, was more beneficial compared to COW and GOAT for some
variables such as peak torque extension and flexion. The consumption of milk post
resistance exercise has been shown to result in increased amino acid availability
(Wilkinson et al., 2007). Additionally, given that the body releases a large amount of
insulin in response to consumption of milk (West et al., 2011), which contains protein,
it has been identified as a suitable drink for stimulating net protein synthesis and
preventing protein breakdown. Thus, speculatively, the consumption of COW, GOAT and
WHEY in the current study may have resulted in a positive net protein balance reflective
of the synthesis and the breakdown of muscle, which had a positive effect on the
variables measured over the recovery period. However, there is a large inter-subject
variability, thus, further investigation is warranted to elucidate responses. It is probable
that the insulin response from carbohydrate (for COW and GOAT) as well as the amino
acid provision from protein during the post-exercise period inhibited protein breakdown
(Dimitriadis et al., 2011) and enhanced MPS stimulation, thus, positively impacting

recovery (Ferguson-Stegall et al., 2011; Jager et al., 2017).

For some measures of muscle function (CMJ, peak torque 60°.s' and sprint
performance), GOAT resulted in greater attenuation of function loss compared to COW,
particularly over the first 24 h of recovery. GOAT also resulted in a smaller increase in
CK concentrations over the 72 h recovery period and reduced levels of soreness over 48
h (see Table 4.16). In comparison to GOAT, WHEY resulted in a beneficial effect in
reducing the losses in peak torque at 60°.s. However, in contrast, GOAT was more
beneficial than WHEY for CMJ, RSI and muscle soreness and tiredness particularly over
48 h of recovery. Most comparisons between COW and WHEY were unclear, though
COW was beneficial in attenuating losses in a single peak torque measure, and
contrastingly, WHEY was beneficial for 10 m sprint performance at 24 h (see Table 4.11).
WHEY also resulted in smaller increases in soreness and tiredness over the full recovery

period. These findings are discussed in further detail below.
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The exercise protocol utilised in this study incorporated movement patterns associated
with field sports such as sprinting with a deceleration and jumping. Both of these
exercise activities result in considerable eccentric loading of the quadriceps, likely
resulting in greater muscle damage in this muscle group compared to the hamstrings.
As well as resulting in muscle damage, repeated sprinting also results in neuromuscular
fatigue (Mendez-Villanueva et al., 2008). In order to maintain the desired power output
during supramaximal sprints the nervous system would need to recruit all motor unit
pools at their highest firing rate thus, impacting post exercise torque production.
(Krustrup et al., 2004). Despite this, sprinting and jumping were least affected by the
intervention (see Figure 4.1; 4.12). The majority of comparisons between beverages for
sprint performance resulted in unclear outcomes, though unexpectedly, CHO was more
beneficial than COW across all time points. It is possible that the large day to day
variability in 5 m sprint performance observed for all groups (see Table 4.10) may have
masked the impact of any intervention as has been previously reported (Clifford et al.,
2016). Previous research reported that, more than 72 hours is needed for sprint
performance to return to baseline values (Ispirlidis et al., 2008). Despite this, other
studies have demonstrated performance test markers such as CMJ and sprint
performance return to baseline after 48 h (Twist and Sykes, 2011; Rampinini et al., 2011;
Silva et al., 2014). In this study, both CMJ and sprint performance remained reduced 72
h post-exercise. Future studies should examine more time points to provide a clear
indication of adequate time frames that are necessary for sufficient recovery to be

achieved., both with and without recovery interventions.

Previous research has reported that the post exercise consumption of WHEY had a
positive effect on the attenuation of losses in peak torque following muscle damaging
exercise (Buckley et al., 2010; Cooke et al., 2010). In this study, WHEY in particular had
the greatest beneficial effects on peak torque measures at both 60°.s* and 180°.s?
extension and flexion in dominant and non-dominant legs. While peak torque is
described as a valid and reliable measure of recovery (Warren et al., 1999), its relevance
in a practical context may be less than other measures. Peak torque is an isolated

measure of an isolated muscle group, and the speeds utilized in this study (60°.s and
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180°.s1) are much less than the muscle contraction speeds in sprinting (>900°.s%);
(Young et al., 1995). Despite this, it is a beneficial method as it is relevant in the context
of exploring muscle force production capability following fatiguing and muscle damaging

exercise.

Previous studies have reported elite athletes with high lower body strength and speed
execution ability have better tolerance to higher workloads and are less inclined to
develop severe EIMD (Malone et al., 2018). For both CMJ height and sprint time, athletes
physical fitness differences may have an impact on variability among results (Impellizzeri
et al., 2005). Twist and Sykes (2011) examined symptoms of EIMD following a simulated
rugby game in non-elite players and reported a strong decrease in both CMJ height and
sprint performance. In the current study, all participants were competing in their chosen
sport, but this may have been at different levels, thus impacting the magnitude of loss
of muscle function and possibly the impact of the intervention. Results of jump
measures in this study reported beneficial effects for GOAT compared to other groups
for CMJ, however, harmful for RSI. Nevertheless, these performance markers are
assessing two quite different measures although they both involve the stretch
shortening cycle (Healy et al., 2016). The CMJ is quite a slow stretch shortening cycle
action while RSl is a faster and more difficult action (Flanagan and Comyns, 2008). While
the RSI describes the performance of the athlete during the jumping phase of a depth
jump (DJ), the nature of the landing from such a jump can also have an impact and be
guantified (Flanagan et al.,, 2008). It has been reported that the variability in the
measurement of RSl is extremely high and that despite familiarisation with the protocol,
participants find it very difficult to grasp the concept of minimal ground contact time
and that does affect the reliability (Ball et al., 2010). Other studies examining nutritional
interventions post-eccentric exercise have not reported a clear effect of their
intervention on RSI, despite benefits on measures of peak torque (Cockburn, 2010, 2012;
Rankin, 2018). Despite this, they have reported benefits on other measures of muscle
function including peak torque, sprint performance and CMJ. Thus, the variability in RSI

observed in this study may have affected the potential impact of the intervention.

102



In this study, GOAT, WHEY and CHO limited increases in CK activity particularly GOAT
and WHEY over 24 h. The protein beverages may have reduced myofibrillar protein
disruption via the Ub-P system. However, CK represents sarcolemma damage and not
myofibrillar damage, therefore, an impact on CK may not have the same impact on
muscle function as different mechanisms are involved. The positive protein balance may
have limited sarcolemma damage or may have enhanced sarcolemma repair post-
exercise (Proske and Morgan, 2001). There is a wide variation in post-exercise CK
concentrations. Previous studies have reported peak concentrations ranging from 100
to 500 U.L! post-eccentric exercise (Howatson and Milak, 2009; Keane et al., 2015;
Rankin et al., 2015; Brown et al., 2017), corresponding with concentrations reported in
this study. Peak concentrations for WHEY reached 191 U.L! while peak concentrations
reached for COW were 501 U.LL. Some studies have reported peak concentrations at 24
h post eccentric exercise (Silva et al., 2014; Russell et al., 2016), as observed for COW
and CHO in this study, while WHEY and GOAT peaked 2 h after the exercise protocol as
previously stated by Clarkson et al. (1987). Ispirlidis et al. (2008) reported peak CK
concentrations 48 h post-soccer match. Furthermore, Doeven et al. (2018) found CK
recovery time courses = 72 h post intermittent team ball sports. Increases in CK
concentrations for COW in this study were comparable to Russell et al. (2016) who
examined CK activity post-soccer match play and reported that values did not return to
baseline by 72 h. In order to get a realistic view of recovery and underlying mechanisms,
investigations of physical performance and biochemical markers after team sport
performance is necessary (Russell et al., 2016). Johnston et al. (2016) investigated
performance and biochemical responses after a single bout of eccentric training.
Although immediately post-training a decrease in performance together with an
increase in CK concentrations was reported. Performance returned to pre-training level
after 2 h while CK concentrations continued to increase. This suggests that while
performance may return to normal, underlying systems are still recovering (Doeven et
al., 2018). Familarisation with the activity may also have had an impact on the
magnitude of CK concentrations (Koch et al., 2014) and the other variables. A single
exposure to a bout of resistance exercise diminishes the rise in CK concentrations to a

subsequent bout of the same exercise (Chen, 2006). This phenomenon is known as the
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repeated bout effect (RBE); (McHugh, 2003). Thus, regular training by athletes may limit

CK activity from reaching high concentrations.

Post strenuous exercise, optimal performance is affected and an increase in muscle
soreness and tiredness accompanies this (Maclntyre et al., 1995), as was observed in the
current study. The VAS scale used in this study was subjective in nature with athletes
rating their perception of muscle soreness. Peak soreness was reported at 24 h for COW,
GOAT and CHO and for WHEY at 48 h which corresponds to peak concentrations in CK
response. Similar findings were demonstrated by Cockburn et al. (2012) who reported
that peak soreness aligned with peak CK concentrations. However, in the current study,
CK concentrations remained elevated after 24 h for COW despite low levels of soreness
reported. On the contrary, the CK serum concentrations for CHO decreased after 24 h
despite participants reporting high soreness at 48 and 72 h post-exercise. Similar
findings were reported by Clarkson and Ebbeling (1988). These data suggest a
disconnect between these measures for CHO, which could suggest differing underlying
mechanisms such as exhausted muscle fibres or local tissue damage (Brancaccio et al.,
2007). Between 24 and 72 h post the exercise bout, muscle soreness levels were still
above baseline, potentially impacting the athlete’s ability to perform optimally (Cheung
et al., 2003). There is always the possibility, that as a result of participants not being
blinded, they were aware that both cows milk and goats milk may offer recovery
benefits. This may have had an influence on their perception of soreness including the
psychological impact of the placebo effect (Beedie and Foad, 2009). Research has
demonstrated that there is not a link between muscle soreness and muscle function
(Rodenburg et al., 1993) and the findings in this study support that. The mechanisms
underpinning both are different. There is evidence to suggest that a link between muscle
pain and psychological distress coexist (Crofford, 2015). The psychological effect of
muscle pain caused from intense exercise may have an impact on an athlete’s recovery
by triggering feelings of anger, depression, anxiety, tension, fear, and decreased self-
esteem (Reese et al.,, 2012). Tissue edema and inflammation are associated with
soreness (Maclntyre et al., 1995). Therefore, it is important to note, that despite
consumption of COW and GOAT resulting in reduced muscle soreness and tiredness, it

did not necessarily impact on muscle function. Thus, that disconnect between the
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variables of muscle force production and soreness demonstrates that muscle soreness
does not correlate well with muscle function, an important distinction for athletes and

coaches.

Studies have noted disturbed balance between both, physiological and psychological,
stress and recovery that can lead to detrimental effects on performance as a direct result
of poor mental state (Kenttd and Hassmén, 1998; Beedie et al., 2000). Self-reported
measures of recovery such as the DALDA used in this study have been demonstrated to
be highly accurate to monitor training response among athletes (Saw et al., 2016).
Results from DALDA in this study reported protein intake, regardless of source, had a
positive effect on markers of increased stress following the exercise protocol. Witard et
al. (2011) stated the DALDA questionnaire revealed that the number of psychological
symptoms of stress reported by cyclists during and after a period of intensified training
was attenuated when dietary protein intake was augmented. The results of this study
show similar findings following a single intake of milk protein post exercise. Again, there
is the possibility that due to the lack of blinding in this study and the placebo effect,
participants may have perceived the milk protein beverage to be beneficial, thus
influencing their perception of the symptoms measured by DALDA. In order to overcome
this bias, a carbohydrate drink was used as the comparative beverage, as most
participants would be aware of the potential benefits of post exercise consumption of
carbohydrate. Regardless, wellbeing is important for all athletes in order to maximise
performance in sport. Reduced symptoms of stress increases a sense of wellbeing which

is likely to be beneficial for the athlete.

Results reported COW and GOAT were more beneficial than CHO and WHEY for all
measures of palatability. CHO performed better than WHEY for taste and pleasure on
the palate. These are important practical findings as beverage palatability is known to
influence fluid consumption and may positively influence hydration status and help
prevent fatigue, heat illness, and decreased performance (Burdon et al. 2012). Similarly,
beverage palatability may impact net protein balance, thus, impacting recovery. The

relationship between palatability of beverages and its effect on fluid intake have been
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previously investigated (Minehan et al., 2002). Voluntary fluid uptake is predominately
affected by flavour and temperature (Passe et al. 2004). Minehan et al. (2002) reported
flavour as a positive characteristic in determining voluntary fluid intake among
basketball players. Similarly, Passe et al. (2004) reported flavoured beverages were
voluntarily consumed in greater quantities than water among triathletes. These findings
are of relevance to the practical implications of the current investigation, as palatability

may impact intake and thus, the effect on recovery.

Results gathered from food diaries reported GOAT and WHEY had greater calorie,
carbohydrate and fat intake than COW and CHO over the full recovery period. In
contrast, CHO had greater fat intake than COW. The use of food diaries by athletes to
record all food and beverages consumed for the desired period with details provided on
specific brands, cooking methods and weight etc. have been reasonably valid depending
on physical and psychological profiles of the athlete (Trabulsi and Schoeller, 2001). The
disadvantages associated with provision of food diaries include athlete honesty and
compliance. It is common that by the end of the desired period the athlete tends to try
simplify the process by changing intakes as they grow tired of the requested task and
there is the issue of social desirability bias as a result of reporting inaccurately (Trabulsi
and Schoeller, 2001). Results are also dependent on the athlete’s cooperation, attention
to detail and ability/desire to record all foods and beverages at the time of consumption.
Under- or over-recording affects general adjustments of intake and leads to increased
magnitude of error (Larson-Meyer et al., 2018). Ideally, having complete control of diet
in this study would have ensured sufficient and equal amounts of the recommended
macronutrients (carbohydrate, protein and fat), were met by all participants and thus
the effect of the intervention could be isolated. Dietary control is advantageous to
nutrition investigation interventions and their findings. By ensuring the daily diet and
supplements were isocaloric and athletes received sufficient intake of macronutrients,
the reported attenuated reductions in muscle function reported by Brown et al. (2017)
can be attributed to the additional whey protein hydrolysate provided. Therefore, the
lack of dietary regulation in this study, potentially impacts the true effects of the protein

drinks. WHEY and GOAT were more beneficial for muscle function, soreness and
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tiredness compared to COW but both these groups had greater calorie, carbohydrate
and fat intake compared to COW. Similarly, GOAT had greater calorie, carbohydrate and
protein intake than CHO, and WHEY had greater carbohydrate intake than CHO. The
results of this investigation may have been influenced by these variances in
macronutrient intake. Future investigations should attempt to ensure greater control

over nutrient control during the recovery period.

For those who suffer from lactose-intolerance or cows milk protein allergy, eliminating
dairy consumption completely is not always necessary with the provision of goats milk
as a substitute. This study supports the use of goats milk as an effective post-exercise
recovery drink and an alternative for athletes who suffer from mild lactose intolerance
or Gl distress. More evidence-based dietary approaches and supplementation strategies
with and without dairy foods are needed to ensure lactose-intolerant athletes or those
who suffer from cows milk protein allergy are consuming an appropriate intake of
calcium and other nutrients to meet the recommended daily amounts. Educational
programs and behavioural approaches should be developed and validated to improve
the nutrition and symptoms of athletes with lactose intolerance, cows milk protein
allergy and dairy avoidance (Yang et al., 2013). In terms of future research, given the
variability in the response to a single intake of protein in the post-exercise recovery
period, further research may investigate a prescribed intake over the recovery period
exceeding 72 h. Future directions could investigate A2 milk for those with a more serious
lactose intolerance or cows milk protein allergy, and perhaps explore more with goats
milk. This could include examining other goats milk products such as yoghurt, or perhaps
examining the effects of goats milk volume and timing including a pre-bedtime intake
on recovery. With respect to recovery from athletic participation, milk also provides CHO
to a level that is quite similar to commercialised sports drinks and therefore, would
benefit glycogen resynthesis following activities that result in a reduction in glycogen
levels in the muscle. The markers chosen to measure recovery in this study are not

dependent on muscle glycogen resynthesis. However, milk can facilitate in this regard.
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5.1 Limitations

There is large variability in the results obtained and lack of obvious changes between
groups due to a number of limitations. One particular limitation of this study was that
the menstrual cycle phase or use of the contraceptive pill was not noted or controlled
for in the female participants. The reason for this was due to the availability of the
participants as the testing had to be carried out over a week long period involving no
outside activity from the participants. It has been speculated that females experience
less muscle damage due to the role of oestrogen and fluctuating oestrogen levels during
the menstrual cycle may have an impact on recovery. Females have a higher prevalence
of fibromyalgia and myofascial pain than males, but sex differences in muscle pain are
inconsistently detected (Dannecker et al., 2008). Females report moderately lower and
less frequent muscle pain than males following eccentric exercise (Stupka and Tiidus,
2001; Dannecker et al., 2012). Despite this, the majority of studies have reported no
gender differences in levels of pain following eccentric exercise (Rinard et al., 2000;
Dannecker et al., 2005; Dannecker et al., 2008). Similarly, some research has reported
an effect of oestrogen on muscle strength or determinants of muscle strength (Rechichi
and Dawson, 2009; Bell et al., 2011), while others have not (Nichols et al., 2008;
Tsampoukos et al., 2010). Determining gender differences and examining different
phases of the menstrual cycle for females in response to nutritional interventions such
as those in the current study, would allow for the development of gender-specific

strategies to enhance recovery following exercise.

Despite beverages being volume matched, protein volumes were only similar and
therefore not isonitrogenous. While no evident effects were observed between groups,
the level of variance observed may have been influenced by the protein content.
Interestingly, there appears to be inconsistency in manufacturers labelling practice in
relation to the presentation of calorie and macronutrient content. It is speculated that
the manufacturer of the goats milk has accounted for 1.25kCal.g™! protein to correct for
incomplete digestibility leading to a discrepancy in the presentation of calorie content

and the caloric determination of macronutrients.
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The dependent measures chosen for the monitoring of recovery are considered valid
and reliable. However, the variability in the measurement of RSl is extremely high and
despite familiarisation with the protocol, the participants did find it very difficult to grasp
the concept of minimal ground contact time and this does affect the reliability and thus,

another limitation of the study.

It is acknowledged that there are potential problems with the use of MBI for analysis of
data. A recent publication by Sainani (2018), has questioned the level of error rate with
the use of MBI. The inflation of the type 1 error rate is a concern given the large number
of between and within-group comparisons in this study that are typically controlled for
in traditional null hypothesis statistical testing (Sainani, 2018). However, these concerns
have been addressed by Hopkins et al. (2018) and suggest there is justification for the
use of MBI, while remaining cognisant of the ongoing debate and developments of using
this method of analysis. Furthermore, the level of variability in the participants resulted
in large standard deviations which lead to subsequently small effect sizes. Other
influencing factors such as the lack of homogeneity of participants, and the possibility
of responders and non-responders are also limitations in this study as previously

mentioned.

Variability in the fitness levels of the participants may have been an important
influencing factor. A vital direction for future research is to assess to what extent greater
degrees of variability in physical activity are associated with differential magnitudes of

muscle damage.

5.2 Conclusion

The results of this study demonstrate considerable variability and consequently, impact
conclusions that can be made. Many outcomes were reported unclear despite large
mean differences. A larger sample size in each group could have potentially provided
more definitive results. The variability and disconnect between markers of muscle
damage in this study may also be due to different uptakes of amino acids in the protein
groups. Previous research has reported variability in response to nutrient ingestion

following exercise (Miller et al., 2003; Tipton et al., 2004). There is also the possibility
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that previous experience of eccentric exercise may have been an influencing factor on
results reported (Nosaka and Clarkson, 1995; Nosaka, 2008; Howatson et al., 2007).
While all participants were regularly training for their sport, details of training type,
intensity and duration were not recorded. It was speculated that the slightly higher
leucine content in goats milk would result in increased beneficial effects on outcomes
reported. This may be the case for comparisons made to cows milk for certain measures
(CMJ, peak torque 60°.s%, sprint performance, serum CK, soreness and tiredness),
however, given the small differences in the leucine content between drinks, further
study in this area is required. The ecological validity of the recovery period is a strength
of this study. It can be argued that when athletes are left to their own devices, the first
recovery meal may not be impactful, though previous research has reported benefits
with a single post-exercise intake of milk (Cockburn et al., 2010; Rankin et al., 2015).
Investigation is necessary to further elucidate. In conclusion, the consumption of 750 mL
of cows milk, goats milk and whey protein following repeated sprinting and jumping can
limit decrements in muscle function, increases in serum proteins and increases in muscle
soreness and tiredness and daily stresses, thus, enhancing recovery. From a practical
perspective, the consumption of cows milk, goats milk or whey protein following
exercise involving sprinting and jumping, including team sports, can be advised. These
beverages may augment recovery and thus, have a positive effect on performance
during subsequent training and games. However, considerable variation in the results

was observed and thus, further investigation is warranted.
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Appendix A: PARTICIPANT INFORMATION SHEET

Participant name: Participant code:

1. Study title

The effects of cows milk, goats milk, whey protein and an energy-matched carbohydrate

drink on recovery from repeated sprinting and jumping in team sport athletes

2. Invitation paragraph

You are being invited to take part in a research study. Before you decide it is important
for you to understand why the research is being done and what it will involve. Please
take time to read the following information carefully and discuss it with others if you
wish. Ask the researcher if there is anything that is not clear or if you would like more
information. Take time to decide whether you wish to take part in this research study

or not. Thank you for reading this.

3. What is the purpose of the study?

To determine and compare the effects of cows milk, goats milk, whey protein and an
energy-matched carbohydrate drink on recovery from repeated sprinting and jumping
in team sport athletes. High-intensity repeated sprinting and jumping in team sport
performance, have been associated with increased muscle damage and oxidative stress,
which reduces the ability of the muscle to produce force and causes increased muscle
fatigue, leading to reduced performance. It has been shown that the consumption of
milk post-eccentric exercise can attenuate the negative effects of exercise-induced
muscle damage (Cockburn et al., 2010, 2012; Rankin et al., 2015). It is possible, but
unknown, if goats milk can offer the same benefits for recovery. Furthermore, given that

some individuals have an intolerance to cows milk, or may have a preference for the
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consumption of goats milk, it would be worthwhile investigating goats milk as a post-
exercise recovery drink. The aim of this study is to determine if goats milk can be utilised
as an effective recovery drink following exercise that replicates the demands of team

sport performance.

4. Why have | been chosen?

It is important that the researcher assesses as many participants as possible, and you
have indicated that you are interested in taking part in this study. You fulfil the following
requirements for participants:

Gender: Male/Female

Age: 18-30years

Sport: Involved in a team sport training/competing at least three times per week.

Also, you do not meet any of the exclusion criteria - lower limb or back injury in previous
3 months, surgery in previous 6 months, intolerance to dairy or lactose products, known
coronary disease, uncontrolled metabolic disorder or respiratory disease, hepatitis, HIV,

pregnancy, post-partum.

5. Do | have to take part?

It is up to you to decide whether to take part in this research study or not. If you do
decide to take part, you will be given this information sheet to keep and be asked to sign
a consent form. If you decide to take part, you are still free to withdraw at any time and
without giving a reason. If you do decide to withdraw from the study then please inform
the researcher as soon as possible, and they will facilitate your withdrawal. If, for any
reason, you wish to withdraw your data please contact the researcher within a month
of your participation. After this data, it may not be possible to withdraw your individual
data as the results may have already been published. However, as all data are
anonymised, your individual data will not be identifiable in any way. A decision to
withdraw at any time, or a decision not to take part, will not affect your status as a

student in any way.
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6. What will | have to do?

e You will be invited in this research project for 7-10days.

e You will be asked to attend room C156 (Physiology Laboratory) at the Institute
of Technology, Carlow on six separate occasions. The table at the end of this
section summarises your involvement.

e On attending the first session (familiarisation) you will be met by the investigator
and invited to ask any questions concerning what you will later be asked to do.
You will be asked to complete a health screening questionnaire to find out about
your current health status and your health history, and sign a consent form. You
will then perform several assessments (see below) to allow you to become
familiar with the protocols. This visit will take approximately one hour.

e The second visit will be for the conduction of baseline measurements (see below)
and will take approximately 40min.

e Onvisit 3, following a warm-up, you will be asked to perform 15 x 20m maximal
sprints, with a 10m deceleration or ‘stopping’ zone after the finish line. You will
have a rest after each sprint. You will then be asked to complete 8 sets of 10
plyometric jumps, followed by a cool-down. After the cool down you will be
provided with 500mL of cows milks, 500mL of goats milk, 500mL of whey protein
shake or 500mL of an energy-matched carbohydrate drink to consume after
completion and you will be free to leave. Following the consumption of your
allocated drink you will be asked to fast for 2h, then return to the laboratory to
provide a blood sample.

e Visits 4, 5 and 6 will take place 24h, 48h and 72h after the exercise session, during
which the baseline measurements will be repeats. These visits will take

approximately 40min each

Measurements you will be asked to complete during each visit are listed below. Please
note, the researcher will provide a written record of any abnormality discovered during
this which will be addressed to your nominated GP stated on your health screening form

and you will be handed a referral.
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Provide a venous blood sample (BS) from a vein on your forearm.

Peak Torque (Nm) will be determined by completing three bilateral maximal
effort knee flexion repetitions at 60°.s-1 and180°.s-1, with sixty seconds’
recovery between speeds and approximately three minutes between legs on
a Biodex System3 Isokinetic dynamometer.

Rate of force development (RFD) — this assessment will measure how quickly
you can develop force in your leg muscles using a computer controlled
strength testing device (isokinetic machine). You will be asked to straighten
your leg against the immovable arm of the machine as hard as possible. You
will complete three repetitions.

Countermovement Jump test (CMJ) - from a standing position you will be
asked to squat down to approximately 90 degrees and jump upwards as high
as you can. Your jump height will be recorded. You will complete three jumps.
Reactive Strength Index (RSI) — from a standing position on a step you will be
asked to step off and upon contact with the ground, jump upwards as high
as you can. Your time in contact with the ground and your jump height will
be recorded. You will complete three jumps.

Twenty metre sprint test (20mSp) - you will be asked to run 20m as fast as
you can. Your sprint time will be recorded. You will complete three sprints
with a two-minute rest between sprints.

Soreness (S) and Tiredness (T) - you will be shown a scale and asked to
indicate how sore you feel, and how tired you feel when completing a
squatting exercise.

Perception of recovery- you will be asked to complete a short questionnaire
asking you about how you feel you are recovering from the exercise trial with
regard to the physical recovery, your energy levels and your enthusiasm and
motivation.

Palatability - will be measured with a ‘Likert Scale’ (Flint et al. 2000) in which

you will describe your gut comfort after the ingestion of supplied beverages.
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e For 24h prior to the exercise session and for the 72h after, you will be asked to
record your food and fluid intake. You will be provided with a weighing scale,
measuring jug and recording sheet for this purpose.

e You will be asked to refrain from strenuous physical activity for the duration of
the investigation, and from treating the symptoms of muscle fatigue or soreness
with interventions such as massage, ice or medication, or consuming any
nutritional supplements (eg anti-oxidants, HMB, casein/whey protein).

e A summary of your involvement can be seen in the following table.

Table 1: Participant involvement

Visit Duration What | will do

Visit 1: Familiarisation | hour Health screening questionnaire; consent form;
BS, PkTq, RFD, CMJ, RSI, Sp, S/T

Visit 2: Baseline 40min BS, PkTq, RFD, CMJ, RSI, Sp, S/T

measures

Visit 3: Exercise Protocol | 3 hoursin total. | 10min warm up
15 x 20m maximal sprints

(1hr for 8 sets of 10 plyometric jumps
Exercise 10min cool down
protocol & Consumption of fluid
return 2hrs 2-hour fast
later for blood Provision of blood sample
sample)
Visits 4-6 30min BS, PkTq, RFD, CMJ, RSI, Sp, S/T, PR, P

BS: blood sample; RFD: Rate of force development; PkTq: peak torque; CMJ: countermovement jump; RSI:
Reactive Strength Index; Sp: 20m sprint; S/T: soreness/tiredness; PR: perception of recovery. P:
Palatability

7.Will | have to provide any bodily samples (i.e. blood/saliva/urine)?

Yes, you will be asked to provide a venous blood sample from a vein on your forearm.
The researcher has been trained in venepuncture. You will be allowed to lie down for
the procedure. Your skin will be cleaned, the needle inserted and stabilised with minimal
discomfort to you. The correct volume of blood will be obtained in a blood collection
tube and the needle will be removed. You will be asked to apply pressure with a cotton

swab to the puncture site to minimise bruising and bleeding.
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Should the tests reveal an abnormality the researcher will recommend to you that you
seek further medical advice from your GP. Bear in mind though that a single test may

not always provide an accurate reflection of your health status.

8.What are the possible disadvantages and risks of taking part?

Participation in this project will involve some physical discomfort.

The research project has been designed to induce muscle soreness and oxidative
damage having you sprint and jump with maximal effort. You may experience feelings
of exertion and local tiredness in your legs and it is likely you will experience delayed
muscle soreness and stiffness afterwards. However, this discomfort is short-term and

will dissipate after approximately five days.

When having your blood sample collected by a researcher trained in venepuncture, you
will feel a needle prick in your arm. Every care will be taken to ensure that minimal
discomfort is felt during the blood draw using standardised venepuncture techniques.

In rare cases bruising may be apparent, but this should subside with days.

The sprint and jump tests require you to work at high intensities though they are of short
duration. You may feel dizzy and tired. These feelings are temporary and are expected

to subside within minutes of completing the exercise.

Appropriate risk assessments for all procedures have been conducted, and will be

followed throughout the duration of the study.

9. What are the possible benefits of taking part?

We hope that participating in the study will help you. However, this cannot be
guaranteed. The information we get from this study may help to provide researchers,
coaches and players with specific guidelines regarding the benefits of nutritional
supplementation for team sports athletes following high intensity training sessions or

competition.
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10. Will my taking part in this study be kept confidential?

The research team has put several procedures in place to protect the confidentiality of
participants. You will be allocated a participant code that will always be used to identify
any data you provide. Your name or other personal details will not be associated with
your data, for example, the consent form that you sign will be kept separate from your
data. All paper records will be stored in a locked filing cabinet, accessible only to the

research team, and all electronic data will be stored on a password protected computer.

11.What will happen to the results of the research study?

The results of the research study will be used as part of a master thesis. The results may
also be presented at conferences or in journal articles. However, the data will only be
used by members of the research team and at no point will your personal information

or data be revealed.

12.Who has reviewed the study?

The study has been reviewed by the Irish Research Council.

13.Contact for further information

If you require further information, have any questions or would like to withdraw your
data then please contact:

Mary Curristin, Department of Science and Health, 087 2777215,
C00153237@itcarlow.ie

Thank you for taking part in this study. You should keep this participant information
sheet as it contains your participant code, important information and the research
teams contact details.
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Appendix B: CONSENT FORM

Title of research project: The effects of cows milk, goats milk, whey protein and
energy-matched carbohydrate drink on recovery from repeated sprinting and jumping

in team sport athletes.

Name of Researcher: Mary Curristin

1. | confirm that | have read and understand the information sheet
dated ... for the above study and have had the opportunity to ask
questions.

2. lunderstand that my participation is voluntary and that | am free to withdraw

at any time, without giving any reason.

3. | agree that this form that bears my name and signature may be seen by a
designated auditor.

4. | agree that my non-identifiable research data may be stored in National
Archives and be used anonymously by others for future research. | am
assured that the confidentiality of my data will be upheld through the

removal of any personal identifiers.

5. | agree to take part in the above study.
Name of participant Date Signature
Name of person taking consent Date Signature

(if different from researcher)

Researcher Date Signature
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Appendix C: HEALTH SCREENING FORM

STRICTLY CONFIDENTIAL

Participant name:
Height:
Weight:

Please answer these questions truthfully and completely. The sole purpose of this
guestionnaire is to ensure that you are fit and healthy to follow the proposed research

programme.

1. How would you describe your present level of activity?

Less than once per month
Once a month

Once a week

Two/three times a week
Four/five times a week

More than five times a week

2. Are you currently taking any form of medication? If yes, please give brief details.

Yes No
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Have you suffered from a bacterial or viral infection in the last two weeks?

Yes No

Have you had cause to suspend physical activity in the last two weeks for any

reason? Yes No

If you currently suffer from or have previously suffered from any of the following

conditions, you will be unable to take part in the study. Please inform the

researcher (without specifics) if as a result you will now be unable to take part in

the study.

e heart complaint/condition

e asthma

e diabetes (Type 1 or 2)

e high blood pressure

e blood borne disease or infection

e current or recent use of nutritional supplements (creatine, whey/casein
protein, HMB etc)

e known allergy or intolerance to dairy or lactose products

e |ower limb or back injury in previous three months

e surgery in previous six months

e known coronary disease

e pregnancy

Is there any reason why you should not embark on the proposed research

programme? Yes No
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Please provide details of your GP for referral in the unlikely event of discovering any

abnormalities during the research study.

Name:

Address:

Contact no:

You are not required to provide specifics of any condition that precludes you from
taking part in the study. However, if you are not sure if any such condition will affect
your ability to participate, please feel free to discuss this with the research team,

although you are not obliged to do so.

Signature:

Date:

Researcher:
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Participant code

Appendix D: FOOD AND FLUID RECORD
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This food diary is designed to provide the researcher with information that will help

provide individual nutrition advice, specifically tailored to your sporting needs.

Make a note of everything you eat and drink for _4_ days.

Things to remember

Do not change what you eat just because you are filling in this diary. Be honest.
Do not record a day when you areill.

Fill in as much detail as is possible (see sample diary on page 4). If you can,
make a note of the weight of any of the foods you eat.

State whether food is boiled, fried, stewed, grilled, baked, steamed or cooked in
the microwave.

If fat is used in cooking, please state the amount and type used.

Note down the brand name of all foods e.g. Alpen muesli, Twix chocolate bar
etc.

Make sure to include all drinks and to state if sugar and milk are added.

Include all foods and snacks — even if it’s just a handful of crisps or nuts.

The more accurate your recording, the more accurate the results.

Write down everything and write clearly

Examples of some common foods and description to write down

Bread _— white, brown, wholemeal, plain or soda
Milk _ S whole, low fat (semi-skimmed) or skimmed
Cheese _— cheddar, edam, cottage cheese etc

Spread —_—> butter, margarine, low fat spread

Biscuits E— name the brand and if chocolate covered

Sweets/chocolate = ——> give the name and size or weight

Gravy/sauces —> write down if included with a meal

Please fill in the sections on the next few pages to give general information on your

current lifestyle habits.
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SAMPLE DIARY

Date:

Training day
Time of meal

snack/drink

Competition day

Food and Drink

Quantity

Rest day

Training

(time, type and

duration)

7am

10.30am

1pm

2pm

4pm

6pm

8pm

10.30pm

Cornflakes

Milk, semi skimmed

Toast, white bread, large loaf
Butter

Jam

Tea with SS milk

Sugar

Coffee with SS milk
Sugar

Fruit scone

Butter

Diluted fruit squash during
training

Wholemeal rolls
Ham

Lettuce

Tomato

Bananas

Water

Chocolate biscuit (digestive)

Water during training

Chicken breast with skin, roast
Potatoes, boiled with skins
Potato wedges, baked in oven
Mixed vegetables

Gravy

Diluted orange squash

Cornflakes
Milk, SS
Sugar

Large bowl
1/3 pint

2 rounds
thinly spread
thickly spread
1 mug

2 teaspoons

1 mug

1 teaspoon
1 average
thinly spread

500mLs

2 large

4 thin slices
2 leaves

1

2 medium
500mLs

750mLs

1 breast

3 medium

4 medium

% plate

5 tablespoons
1 pint

large bowl
1/3 pint
1 dessertspoon

1pm 5 mile run (7-
minute mile)

50 minutes including
warm up and warm
down

6pm weights session
(high intensity, 1 hour)
7pm swim (20 lengths,
35 mins)
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Date:

Training day Competition day Rest day

Time of meal Food and Drink Quantity Training

snack/drink (time, type and

duration)

167



Instititlid Teicneolaiochta Cheatharlach

BN 1NSTITUTE of

TECHNOLOGY
CARLOW

At the Heart of South Leinster

Appendix E: MUSCLE SORENESS

Rate your level of soreness based on the scale below with 0 indicating no soreness and
10 indicating as sore as it could be

10

No soreness As sore as it could be
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Appendix F: MUSCLE TIREDNESS

Rate your level of tiredness based on the scale below with 0 indicating no tiredness
and 10 indicating as tired as it could be

| |
0 10
No tiredness As tired as it could be
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Appendix G: Daily Analysis of Life Demands for Athletes Questionnaire

24-hour post exercise protocol

(DALDA)

Participant code

Normal

Worse than normal

Better than normal

PART A

Diet

Home life

College/Work

Friends

Sport Training/Exercise

Climate

Sleep

Recreation

Health

Normal

Worse than normal

Better than normal

PART B

Muscle Pains

Techniques

Tiredness

Need for a rest

Supplementary work

Boredom

Recovery time

Irritability

Weight

Throat

Internal

Unexplained aches

Technique power

Enough sleep

Between sessions recove ry

General Weakness

Interest

Arguments

Skin rashes

Congestion

Training effort

Temper

Swellings

Running nose
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48-hour post exercise protocol

Participant code

Normal

Worse than normal

Better than normal

PART A

Diet

Home life

College/Work

Friends

Sport Training/Exercise

Climate

Sleep

Recreation

Health

Normal

Worse than normal

Better than normal

PART B

Muscle Pains

Techniques

Tiredness

Need for a rest

Supplementary work

Boredom

Recovery time

Irritability

Weight

Throat

Internal

Unexplained aches

Technique power

Enough sleep

Between sessions recovery

General Weakness

Interest

Arguments

Skin rashes

Congestion

Training effort

Temper

Swellings

Likeability

Running nose
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72-hour post exercise protocol

Participant code

Normal

Worse than normal

Better than normal

PART A

Diet

Home life

College/Work

Friends

Sport Training/Exercise

Climate

Sleep

Recreation

Health

Normal

Worse than normal

Better than normal

PART B

Muscle Pains

Techniques

Tiredness

Need for a rest

Supplementary work

Boredom

Recovery time

Irritability

Weight

Throat

Internal

Unexplained aches

Technique power

Enough sleep

Between sessions recovery

General Weakness

Interest

Arguments

Skin rashes

Congestion

Training effort

Temper

Swellings

Likeability

Running nose
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Appendix H: Palatability Scale

Participant code:

Scale1-5

(1 = Good/None, 5 = Bad/Much)

Smell
Good Bad
Taste
Good Bad
Aftertaste
None Much

Pleasure on the palate

Good Bad

How comfortable does your stomach feel at the moment?

Very comfortable
Comfortable
Average comfortable

Uncomfortable

v o~ e

Very uncomfortable
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Appendix |I: PARTICIPANT DEBRIEF SHEET

Title of research project: The effects of cows milk, goats milk, whey protein and an
energy-matched carbohydrate drink on recovery from repeated sprinting and jumping

in team sport athletes

Researcher details:

Mary Curristin

Department of Science and Health, IT Carlow

Email: C00153237 @itcarlow.ie

Telephone: 0872777215

1. What was the purpose of the study?
To investigate, determine and compare cows milk, goats milk, whey protein and
an energy-matched carbohydrate drink on recovery from repeated sprinting and
jumping in team sport athletes. Recovery is a challenge for athletes who are
undertaking two or more sessions a week, training for prolonged periods, or
competing in a programme that involves multiple training and games/matches.
Between each training session, the body needs to adapt to the induced
physiological stress. Prolonged and high intensity exercise causes a substantial
breakdown of muscle protein. Recent research has been shown that the
consumption of milk post-eccentric exercise can attenuate the negative effects
of exercise-induced muscle damage (Cockburn et al., 2010, 2012; Rankin et al.,
2015). It is possible, but unknown, if goats milk can offer the same benefits for
recovery. Furthermore, given that some individuals have an intolerance to cows
milk, or may have a preference for the consumption of goats milk, it would be
worthwhile investigating goats milk as a post-exercise recovery drink. The results

of this study should provide researchers, coaches and players with specific
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guidelines regarding the benefits of milk consumption for team sports athletes

during high intensity training periods.

How will | find out about the results?
Once all the study has been completed and all the data analysed the researcher

will email you a summary of the results.

What will happen to the information | have provided?

All the information provided will be treated in accordance with the Data
Protection Act. All the information that you provided and all data collected will
be stored safely for the duration of the study on a password protected computer.
Coding of participants will be kept in a separate area to ensure anonymity.
Confidentiality and anonymity will be maintained always and any published work

will use group data that is generalised so that no individual can be identified.

How will the results be disseminated?
Data might be published in a scientific journal or may be presented at a
conference, but the data will be presented in a generalised way. At no stage, will

your personal information be presented. Your data will not be identifiable.

Have | been deceived in any way during the project?
No, you have not been deceived. Some participants receive cows milk after the
exercise, some receive goats milk, some receive whey protein shake and others

receive a carbohydrate drink, but this is obvious to all participants at the time.

If | change my mind and wish to withdraw the information | have provided,
how do I do this?

If you wish you may withdraw your data by contacting the researcher, but you
should do this within a month of your participation. After that, it may not be
possible to withdraw your individual data as the results may already have been
published. As all data are anonymised, your individual data will not be

identifiable in any way.
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Appendix J: Within-group Analysis

A summary of the statistical analysis for within group effects can be seen in Table 4.22.

Table 4.22 Breakdown analysis of within-group effects

MEAN EFFECT, QUALITATIVE
VARIABLE TIMEFRAME +90% Cl INFERENCE EFFECT SIZE
cM)
Within Cow B-24 -4.3,£2.9 Likely Trivial Trivial (0.10)
B-48 -3.6,£3.6 Very likely Trivial Trivial (0.08)
B-72 -0.3,+3.4 Likely Trivial Trivial (0.02)
Within Cho B-24 -8.3,£4.0 Likely Harmful Small (0.26)
B-48 -6.3,+£3.2 Likely Harmful Trivial (0.19)
B-72 -1.6,+ 3.4 Likely Trivial Trivial (0.03)
Within Whey B-24 -1.7,£7.9 Likely Trivial Trivial (0.10)
B-48 -1.6,+4.7 Possibly Harmful Trivial (0.05)
B-72 -4.1,+8.3 Possibly Harmful Trivial (0.06)
Within Goat B-24 -3.6,+7.2 Possibly Harmful Trivial (0.15)
B-48 -6.3,+4.8 Possibly Harmful Small (0.23)
B-72 -4.0,+7.1 Likely Trivial Trivial (0.15)
RSI
Within Cow B-24 -5.4,+7.2 Possibly Harmful Trivial (0.18)
B-48 -7.2,+£8.1 Possibly Harmful Small (0.25)
B-72 -1.8,+10.5 Possibly Harmful Trivial (0.06)
Within Cho B-24 -9.6,+13.2 Possibly Harmful Small (0.33)
B-48 -16.2,+12.1 Likely Harmful Moderate (0.60)
B-72 -6.7,+16.5 Unclear Small (0.20)
Within Whey B-24 -3.9,+9.0 Possibly Harmful Trivial (0.14)
B-48 -11.0,+12.3 Likely Harmful Small (0.38)
B-72 -4.4,+4.2 Possibly Harmful Trivial (0.16)
Within Goat B-24 -7.5,+11.7 Possibly Harmful Small (0.26)
B-48 -6.8,+16.0 Possibly Harmful Trivial (0.14)
B-72 -14.3,+18.3 Possibly Harmful Small (0.44)
RFD Dominant
Within Cow B-24 -2.4,+255 Unclear Trivial (0.02)
B-48 -17.3,+8.4 Very Likely Harmful Small (0.55)
B-72 -19.1,+14.8 Likely Harmful Small (0.55)
Within Cho B-24 -10.5,+17.8 Possibly Harmful Trivial (0.09)
B-48 -5.3,+21.2 Possibly Harmful Trivial (0.02)
B-72 -4.9,+24.2 Possibly Harmful Trivial (0.01)
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Within Whey B-24 -1.6,+8.5 Likely Trivial Trivial (0.06)
B-48 -4.7,£12.3 Possibly Harmful Trivial (0.09)
B-72 -7.4,£12.9 Unclear Trivial (0.13)
Within Goat B-24 -17.1,+13.0 Likely Harmful Small (0.29)
B-48 -14.8,+7.2 Likely Harmful Small (0.27)
B-72 -16.0,+£9.5 Likely Harmful Small (0.29)
RFD Non Dominant
Within Cow B-24 -21.4,+10.0 Very Likely Harmful Moderate (0.83)
B-48 -25.8,+9.7 Very Likely Harmful Moderate (0.89)
B-72 -18.3,+10.2 Very Likely Harmful Moderate (0.64)
Within Cho B-24 -16.9, £ 22.7 Likely Harmful Small (0.36)
B-48 -18.8, £ 24.0 Likely Harmful Small (0.41)
B-72 -16.9, + 18.6 Likely Harmful Small (0.42)
Within Whey B-24 -2.8,+17.1 Possibly Trivial Trivial (0.12)
B-48 -14.2,£11.2 Likely Harmful Small (0.28)
B-72 -10.4,+13.3 Possibly Harmful Small (0.23)
Within Goat B-24 -13.5,+21.1 Possibly Harmful Small (0.21)
B-48 -11.4,+19.8 Possibly Harmful Small (0.21)
B-72 -11.2,£22.6 Possibly Harmful Small (0.21)
Peak Torque 60°/s Dominant Extension
Within Cow B-24 -12.0,+6.8 Likely Harmful Small (0.37)
B-48 -10.7,+£5.0 Likely Harmful Small (0.33)
B-72 -8.2,+7.7 Possibly Harmful Small (0.24)
Within Cho B-24 -10.9,+11.9 Possibly Harmful Small (0.26)
B-48 -13.7, £ 10.7 Likely Harmful Small (0.31)
B-72 -9.5,+10.5 Possibly Harmful Small (0.24)
Within Whey B-24 -1.6,+5.8 Likely Trivial Trivial (0.03)
B-48 -2.0,£6.7 Likely Trivial Trivial (0.04)
B-72 -4.7,+6.3 Possibly Beneficial Trivial (0.14)
Within Goat B-24 -12.5,+4.5 Likely Harmful Small (0.23)
B-48 -7.9,+5.2 Possibly Harmful Trivial (0.14)
B-72 -4.8,+4.4 Likely Trivial Trivial ( 0.09)
Peak Torque 60°/s Non Dominant Extension
Within Cow B-24 -13.0,+6.0 Very Likely Harmful Small (0.44)
B-48 -11.2,+5.7 Very Likely Harmful Small (0.36)
B-72 -9.3,%7.0 Likely Harmful Small (0.29)
Within Cho B-24 -15.3,+8.3 Very Likely Harmful Small (0.38)
B-48 -15.7,+£10.8 Likely Harmful Small (0.40)
B-72 -11.9,+8.1 Likely Harmful Small (0.32)
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Within Whey B-24 -2.6,+7.2 Unclear Trivial (0.11)
B-48 -3.1,+6.8 Possibly Harmful Trivial (0.09)
B-72 -3.5,+7.3 Unclear Trivial (0.12)
Within Goat B-24 -5.8,+6.1 Possibly Harmful Trivial (0.10)
B-48 -7.9,£45 Possibly Harmful Small (0.20)
B-72 -7.3,£8.2 Possibly Harmful Trivial (0.15)
Peak Torque 60°/s Dominant Flexion
Within Cow B-24 -10.7,+£8.1 Likely Harmful Small (0.32)
B-48 -8.0,+9.2 Possibly Harmful Small (0.22)
B-72 -3.0,£9.2 Unclear Small (0.40)
Within Cho B-24 -14.9,+9.5 Likely Harmful Small (0.31)
B-48 -15.4,+10.2 Likely Harmful Small (0.30)
B-72 -0.6, 6.1 Likely Trivial Trivial (0.19)
Within Whey B-24 -1.9,+7.7 Likely Trivial Trivial (0.05)
B-48 -10.4,+8.0 Likely Harmful Small (0.22)
B-72 -8.6,t4.4 Likely Harmful Trivial (0.18)
Within Goat B-24 -11.1,+9.1 Likely Harmful Small (0.27)
B-48 -16.0,+9.9 Likely Harmful Small (0.29)
B-72 -5.6,+8.3 Possibly Harmful Small (0.25)
Peak Torque 60°/s Non Dominant Flexion
Within Cow B-24 -12.2,+9.3 Likely Harmful Small (0.36)
B-48 -13.2,+16.8 Likely Harmful Small (0.31)
B-72 -1.2,+13.8 Possibly Trivial Small (0.22)
Within Cho B-24 -10.1,+£9.5 Likely Harmful Small (0.22)
B-48 -10.2, +16.2 Possibly Harmful Trivial (0.16)
B-72 -0.1,+9.6 Possibly Trivial Small (0.26)
Within Whey B-24 -4.4,+10.5 Possibly Harmful Trivial (0.12)
B-48 -8.4,+12.3 Possibly Harmful Small (0.20)
B-72 -4.2,+7.9 Possibly Harmful Small (0.23)
Within Goat B-24 -14.1,+10.5 Likely Harmful Small (0.36)
B-48 -12.1,+10.7 Likely Harmful Small (0.28)
B-72 -2.4,+6.0 Likely Trivial Small (0.20)
Peak Torque 180°/s Dominant Extension
Within Cow B-24 -9.6,+11.1 Possibly Harmful Small (0.28)
B-48 -6.9,+14.3 Possibly Harmful Trivial (0.18)
B-72 -2.1,+8.8 Possibly Trivial Trivial (0.08)
Within Cho B-24 -11.3,+5.9 Likely Harmful Small (0.27)
B-48 -10.9,+6.5 Likely Harmful Small (0.25)
B-72 -8.1,+6.4 Possibly Harmful Small (0.22)
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Within Whey B-24 -2.2,+3.1 Very Likely Trivial Trivial (0.07)
B-48 -1.2,+8.7 Likely Trivial Trivial (0.03)
B-72 -5.2,+9.2 Unclear Trivial (0.10)
Within Goat B-24 -7.6,+4.5 Possibly Harmful Trivial (0.15)
B-48 -3.8,+9.7 Likely Trivial Trivial (0.03)
B-72 -5.1,+8.3 Possibly Trivial Trivial (0.09)
Peak Torque 180°/s Non Dominant Extension
Within Cow B-24 -12.0,+8.2 Likely Harmful Small (0.34)
B-48 -7.9,£7.4 Possibly Harmful Small (0.22)
B-72 -2.0,+8.4 Possibly Trivial Trivial (0.05)
Within Cho B-24 -12.6,+5.9 Likely Harmful Small (0.32)
B-48 -14.7,+7.4 Very Likely Harmful Small (0.35)
B-72 -10.4,+5.3 Likely Harmful Small (0.26)
Within Whey B-24 -4.8,+6.1 Possibly Harmful Trivial (0.12)
B-48 -6.0,+3.0 Possibly Harmful Trivial (0.13)
B-72 -4.5,+6.5 Possibly Harmful Trivial (0.12)
Within Goat B-24 -7.7,£7.1 Possibly Harmful Trivial (0.14)
B-48 -8.2,+6.4 Possibly Harmful Trivial (0.15)
B-72 3.2,+7.8 Likely Trivial Trivial (0.00)
Peak Torque 180°/s Dominant Flexion
Within Cow B-24 -7.7,£9.5 Possibly Harmful Small (0.23)
B-48 -3.7,+10.2 Likely Trivial Trivial (0.12)
B-72 -3.1,+8.7 Likely Trivial Trivial (0.13)
Within Cho B-24 -4.9,+11.0 Possibly Harmful Trivial (0.13)
B-48 -0.6,+12.6 Likely Trivial Trivial (0.01)
B-72 -0.8,+12.4 Likely Trivial Trivial (0.05)
Within Whey B-24 -2.1,+£10.0 Possibly Trivial Trivial (0.04)
B-48 -12.0,+7.8 Likely Harmful Small (0.26)
B-72 -4.7,+10.6 Possibly Harmful Trivial (0.13)
Within Goat B-24 -11.5,+13.8 Possibly Harmful Small (0.23)
B-48 -13.5,+14.8 Possibly Harmful Small (0.22)
B-72 -11.6, £ 16.0 Possibly Harmful Small (0.21)
Peak Torque 180°/s Non Dominant Flexion
Within Cow B-24 -9.0,+12.7 Possibly Harmful Small (0.27)
B-48 -8.3,+20.2 Possibly Harmful Trivial (0.18)
B-72 -3.4,+14.0 Unclear Trivial (0.07)
Within Cho B-24 -1.3,+8.0 Likely Trivial Trivial (0.01)
B-48 -6.0, £+ 10.6 Possibly Harmful Trivial (0.10)
B-72 -1.7,+9.9 Likely Trivial Trivial (0.00)
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Within Whey B-24 -4.2,+12.9 Possibly Harmful Trivial (0.11)
B-48 -4.9,+12.4 Possibly Harmful Trivial (0.08)
B-72 -3.1,+14.1 Possibly Harmful Trivial (0.04)
Within Goat B-24 -9.6,+16.1 Possibly Harmful Trivial (0.18)
B-48 -10.6, £ 17.2 Possibly Harmful Trivial (0.10)
B-72 -1.5,+13.2 Possibly Trivial Trivial (0.00)
5m Sprint
Within Cow B-24 -1.2,+3.9 Possibly Harmful Trivial (0.16)
B-48 -2.5,+4.1 Possibly Harmful Small (0.35)
B-72 -3.6,t5.4 Likely Harmful Small (0.42)
Within Cho B-24 -1.0,£2.0 Likely Trivial Trivial (0.10)
B-48 -1.4,+3.2 Possibly Harmful Trivial (0.12)
B-72 -1.8,+3.7 Possibly Harmful Trivial (0.15)
Within Whey B-24 -0.6,+£5.0 Unclear Trivial (0.05)
B-48 -0.7,+5.3 Possibly Harmful Trivial (0.07)
B-72 -5.8,+7.1 Likely Harmful Small (0.41)
Within Goat B-24 -0.0,+3.6 Possibly Trivial Trivial (0.01)
B-48 -1.6,+4.1 Possibly Harmful Trivial (0.17)
B-72 -5.0,+4.2 Likely Harmful Small (0.30)
10m Sprint
Within Cow B-24 -0.6,+2.9 Possibly Harmful Trivial (0.07)
B-48 -1.1,+33 Possibly Harmful Trivial (0.14)
B-72 -1.4,+43 Possibly Harmful Trivial (0.18)
Within Cho B-24 -0.4,+1.5 Likely Trivial Trivial (0.04)
B-48 -0.1,+2.4 Likely Trivial Trivial (0.01)
B-72 -0.5,+1.8 Likely Trivial Trivial (0.06)
Within Whey B-24 -0.6,+4.0 Unclear Trivial (0.07)
B-48 -0.1,+4.4 Possibly Harmful Trivial (0.00)
B-72 -1.5,+3.7 Possibly Harmful Trivial (0.18)
Within Goat B-24 -1.2,+3.7 Unclear Trivial (0.12)
B-48 -1.4,+35 Possibly Harmful Trivial (0.15)
B-72 -1.8,+4.3 Possibly Harmful Trivial (0.19)
20m Sprint
Within Cow B-24 -3.1,+6.1 Possibly Harmful Small (0.35)
B-48 -0.3,+2.5 Possibly Trivial Trivial (0.06)
B-72 -0.8,+2.4 Possibly Harmful Trivial (0.09)
Within Cho B-24 -0.9,+1.0 Possibly Harmful Trivial (0.08)
B-48 -1.7,+1.5 Possibly Beneficial Trivial (0.17)
B-72 -0.3,+1.4 Very Likely Trivial Trivial (0.03)
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Within Whey B-24 -0.8,+2.5 Unclear Trivial (0.11)
B-48 -0.4,+£2.9 Unclear Trivial (0.07)
B-72 -1.3,£3.4 Possibly Harmful Trivial (0.16)
Within Goat B-24 -1.7,£2.6 Unclear Trivial (0.14)
B-48 -1.7,£2.7 Unclear Trivial (0.15)
B-72 -0.1,+2.9 Likely Trivial Trivial (0.00)
CK
Within Cow B-2 -2.9,x/+1.8 Very Likely Increase Very Large (2.28)
B-24 -4.0, x/+2.2 Very Likely Increase Extremely Large (4.48)
B-48 -3.1, x/+ 2.1 Very Likely Increase Very Large (2.84)
B-72 -2.7,%x/+1.9 Very Likely Increase Very Large (2.62)
Within Cho B-2 -1.6, x/+ 1.5 Likely Increase Small (0.56)
B-24 -2.1,x/+1.7 Very Likely Increase Large (1.50)
B-48 -1.6,x/+ 1.5 Likely Increase Moderate (0.83)
B-72 -1.3,%/+1.5 Possible Increase Small (0.46)
Within Whey B-2 -1.4, x/+1.5 Likely Increase Large (1.44)
B-24 -1.4, x/+1.5 Likely Increase Moderate (1.00)
B-48 -1.2,x/+1.4 Possible Increase Small (0.48)
B-72 -1.0,x/+1.4 Unclear Trivial (0.03)
Within Goat B-2 -2.1,%x/+1.3 Most Likely Increase Moderate (0.98)
B-24 -2.1,%x/+1.3 Most Likely Increase Moderate (0.91)
B-48 -1.3,x/+1.3 Likely Increase Small (0.36)
B-72 -1.3,%x/+1.3 Likely Increase Small (0.26)
Soreness (isokinetic)
Within Cow B-24 -55,+1.1 Most Likely Harmful Large
B-48 -41,+1.3 Most Likely Harmful Moderate
B-72 -36,+t1.4 Most Likely Harmful Moderate
Within Cho B-24 -4.5,+1.6 Most Likely Harmful Moderate
B-48 -5.1,+2.2 Most Likely Harmful Large
B-72 -2.9,+£2.0 Very Likely Harmful Small
Within Whey B-24 -54,+1.1 Most Likely Harmful Large
B-48 -49,+1.5 Most Likely Harmful Moderate
B-72 -4.3,+1.2 Most Likely Harmful Moderate
Within Goat B-24 -5.9,+1.8 Most Likely Harmful Large
B-48 -4.6,+1.3 Most Likely Harmful Moderate
B-72 -3.8,+1.5 Most Likely Harmful Moderate
Soreness (squat)
Within Cow B-24 -5.6,£1.0 Most Likely Harmful Large
B-48 -3.8,+1.5 Most Likely Harmful Moderate
B-72 -2.3,+1.3 Very Likely Harmful Small
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Within Cho B-24 -5.8,+1.2 Most Likely Harmful Large

B-48 -5.0,+1.7 Most Likely Harmful Large
B-72 -29,+1.6 Very Likely Harmful Small
Within Whey B-24 -4.3,+1.2 Most Likely Harmful Moderate
B-48 -43,+1.3 Most Likely Harmful Moderate
B-72 -2.8,11.4 Very Likely Harmful Small
Within Goat B-24 -5.1,+1.2 Most Likely Harmful Large
B-48 -3.4,+0.8 Most Likely Harmful Moderate
B-72 -25,+1.2 Very Likely Harmful Small
Tiredness
Within Cow B-24 -5.6,£1.0 Most Likely Harmful Large
B-48 -38,+1.5 Most Likely Harmful Moderate
B-72 -23,+13 Very Likely Harmful Small
Within Cho B-24 -5.8,+1.2 Most Likely Harmful Large
B-48 -5.0,+1.7 Most Likely Harmful Large
B-72 -29,11.6 Very Likely Harmful Small
Within Whey B-24 -4.3,+1.2 Most Likely Harmful Moderate
B-48 -4.3,+1.3 Most Likely Harmful Moderate
B-72 -2.8,11.4 Very Likely Harmful Small
Within Goat B-24 -5.1,+1.2 Most Likely Harmful Large
B-48 -3.4,+0.8 Most Likely Harmful Moderate
B-72 -2.5,+1.2 Very Likely Harmful Small
DALDA
Within Cow B-24 -4.5,+1.2 Most Likely Harmful Small
B-48 -41,+1.5 Most Likely Harmful Small
B-72 -2.1,+1.5 Very Likely Harmful Trivial
Within Cho B-24 -7.9,+5.3 Most Likely Harmful Moderate
B-48 -7.5,t4.6 Most Likely Harmful Moderate
B-72 -3.8,+1.6 Very Likely Harmful Small
Within Whey B-24 -5.9,+3.1 Very Likely Harmful Small
B-48 -4.8,+1.9 Most Likely Harmful Small
B-72 -3.3,+1.7 Very Likely Harmful Small
Within Goat B-24 -4.8,+1.6 Most Likely Harmful Small
B-48 -3.9,+1.8 Very Likely Harmful Small
B-72 -2.8,+1.9 Very Likely Harmful Small

Qualitative Inference represents the likelihood that the true value will have the observed magnitude.
Mean effect refers to the first group minus the second group. + 90% Cl: add and subtract this number to
the mean effect to obtain the 90% confidence intervals for the true difference. Effect size is a quantitative
measure of the magnitude.
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