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ABSTRACT
Over 270 million people play soccer worldwide, and its popularity grows every day. In
team sport exercise, fatigue may result from numerous factors including limited fuel,
depleted energy stores and production of compounds that promote an inflammatory
response. While inflammation is an essential mechanism for repairing damaged muscle
tissue with exercise, prolonged inflammation leads to increased production of reactive
oxygen species that can damage cell membranes, muscle, and signaling proteins. To
prevent this response and improve performance, athletes are increasingly looking to
nutritional interventions. Carbohydrate and antioxidant supplementation have both
shown evidence of producing an ergogenic effect and attenuating inflammation and
oxidative stress with prolonged endurance exercise. Less is known about how these
interventions may influence intermittent, high-intensity exercise characteristic of soccer.
In particular, this exercise presents a unique challenge in that opportunities for nutrient
intake are limited to pre-game and half-time. In our first study, we had 10 male
collegiate soccer players perform a 90-min. soccer-simulation test, that we developed,
which was followed by a progressive shuttle run (PSR) test to exhaustion. They
consumed a honey-sweetened beverage (H), a sports drink (S), or a placebo (P) before
and half-way through the protocol. Both H and S provided 1.0 g⋅kg-1 carbohydrate and
~17.6 mL⋅kg-1 total volume for each trial. Overall, the test resulted in increased fatigue
and production of inflammatory markers and antioxidant capacity. There was no
significant difference between treatments for any performance measure. Mean times
for a high intensity run and rating of perceived exertion increased with time, and there
was an overall decrease in PSR time compared to baseline (-22.9%). There was a rise
in glucose (15.6%), IL-6 (548%), IL-1ra, IL-10 (514%) and ORAC (15%) post-test but no
change in cortisol. Insulin was significantly lower by 1 h-post. IL-1ra levels increased
post-test for H (25.8%), S (65.5%), and P (63.9%), but the change for H was less than
the other treatments. No treatment effects for the other blood measures were observed.
The lack of an ergogenic effect of carbohydrate on soccer performance calls into
question the benefit of supplementation at a frequency typical of a regulation soccer
match in highly trained athletes with adequate energy stores.
Since acute carbohydrate ingestion in the first study did not attenuate some markers of
inflammation (e.g. IL-6), we chose to focus on an alternative theory for the rise in
inflammatory markers with strenuous exercise in our second study. One aspect of
soccer, repeated sprinting, results in increased ROS production partially through the
activation of the enzyme xanthine oxidase (XO). Quercetin, a flavonol in plants that has
shown some ergogenic effects with endurance exercise, inhibits XO in vitro. The effect
of quercetin on team sport exercise had not been studied. We gave recreationally
active males a commercial sports drink (S) or S + 500 mg of quercetin (Q) 2x/d for 1 wk
prior to a repeated sprint test (RST). Sprint times increased (5.9%) for both treatments
as did plasma XO activity (47%), IL-6 (77%), and uric acid (25%) from pre-test to posttest. Q supplementation did not attenuate plasma XO activity or IL-6 and actually

increased one calculated index of fatigue, percent fatigue decrement (5.1%- Q and
3.8%- P). These findings add to the growing body of literature that quercetin
supplementation does not attenuate exercise-induced inflammation and oxidative stress
in vivo. Collectively, this research has practical implications for sports drink companies
who are exploring the use of flavonoid compounds in product formulation. Specifically,
they should reconsider adding quercetin to their beverages if they are marketing to team
sport athletes. Also, soccer players should be made aware that, at ingestion
frequencies typical of a soccer match, they may not expect a significant performance
benefit from acute carbohydrate supplementation.
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Chapter I. Introduction
Soccer is the most popular sport in the world with over 270 million participants [1].
As soccer’s popularity continues to increase, more and more athletes are looking for
ways to improve their responses to training and limit fatigue. Factors that may
contribute to exercise-induced fatigue include reductions in fuel and production of
compounds that promote an inflammatory response. In some respects, prolonged
and/or intense exercise is similar to an illness or infection in that it places an acute
stress on the body through an increase in cytokine levels and production of reactive
oxygen species (ROS) [2]. To a degree, inflammation is an essential mechanism for
repairing damaged muscle with exercise, which leads to training adaptations [3]. ROS
may produce a similar training effect [4-6]. However, a prolonged inflammatory
response and excessive ROS production is potentially problematic in that it may lead to
increased damage of cell membranes, muscle and signaling proteins, and accelerated
fatigue [7].
Many research groups have studied the metabolic stress response following
endurance exercise [6, 8, 9], but less is known about this effect with intermittent, highintensity exercise characteristic of team sports. Nutritional interventions, such as
carbohydrate and antioxidants may attenuate this response [10, 11]. Compared to
endurance exercise, team sports present a unique challenge in that the frequency of
nutritional supplementation is usually limited to pre-game and half-time. Research on
how inflammation and oxidative stress influence fatigue in team sport exercise and the
role of nutritional interventions in this response could be beneficial for many athletes
seeking to optimize their performance.
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Purpose
The purpose of this research is to increase our understanding of the role of nutritional
interventions in the mediation of inflammation and oxidative stress from exercise unique
to team sports.

Rationales and Hypotheses
Rationale for Study 1: High-intensity intermittent exercise unique to team sports
increases oxidative stress and inflammation, which may damage cell membranes and
signaling proteins and accelerate fatigue [10, 12, 13]. There is evidence that depressed
blood glucose [8] and low glycogen stores [14] trigger an inflammatory response with
exercise. Nutritional interventions, such as carbohydrate and/or antioxidant
supplements, may attenuate these responses [11, 15]. Honey is a carbohydrate source
that also contains antioxidants and may have ergogenic properties [15]. Our hypothesis
was that consumption of a honey-sweetened beverage (H), compared to a commercial
sports drink (S) and placebo (P), would improve performance on a test designed to
simulate the demands of soccer.
Rationale for Study 2: As Study 1 demonstrated that acute carbohydrate did not
attenuate some markers of inflammation following a soccer simulation, the focus of this
study was an alternative theory for the cause of increased inflammatory markers with
strenuous exercise. The purpose was to further investigate the mechanisms involved in
the metabolic stress response with one aspect of team sport exercise, repeated
sprinting. We were also interested in how a nutritional intervention may influence this
response. Repeated sprinting increases the production of ROS partially via activation of
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the enzyme xanthine oxidase (XO) [16]. Quercetin, a flavonol compound found in
numerous plant-based foods, inhibits XO in vitro [17]. We hypothesized that quercetin
(Q) consumption would decrease oxidative stress and inflammation induced by a
repeated sprint test (RST).
Combined, these studies were designed to increase our understanding of how
inflammation and oxidative stress influence team sport performance. Our findings may
contribute to the quality and effectiveness of nutritional interventions for team sport
athletes.

Limitations
1. Subjects were free living.
2. Subjects varied in their levels of fitness and playing experience.
3. No muscle biopsies were taken to assess glycogen status.
4. Production of reactive oxygen species was not directly measured.
5. Soccer skill tests used were based on those developed by others and published at
the time. Newer soccer skill tests have since been developed that may more
accurately detect agility and shooting deterioration with fatigue.
6. Hand-held timing devices were used to assess performance in Study 1.
7. Nutritional supplementation was acute for Study 1 and prolonged for Study 2.
8. In Study 2, quercetin metabolites were not measured in the blood.

Delimitations
1. Subjects were males ages 18 – 30 years.
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2. Subjects were both highly trained (Study 1) and recreationally active (Study 2),
healthy non-smokers.
3. Subjects did not have a history of chronic diseases that could influence markers of
inflammation and oxidative stress.
4. Subjects were free from physical injuries that would limit their ability to participate in
strenuous exercise.

Basic Assumptions
1. Subjects complied with the dietary protocols and did not consume forbidden foods or
supplements.
2. Subjects did not exercise in the 24 h prior to testing.
3. Subjects answered all questionnaires honestly and accurately.
4. Subjects arrived at the testing sites following overnight fasts.
5. Subjects properly prepared and consumed all of the treatment beverages.
6. Subjects gave maximal efforts on all performance tests.

Dissertation Layout
The layout of this dissertation begins with a general literature review in Chapter 2
followed by two stand-alone manuscripts in Chapters 3 and 4. Chapter 3 has recently
been accepted for publication by the International Journal of Sport Nutrition and
Exercise Metabolism and will undergo minimal revisions. Chapter 4 is in preparation for
submission. Since these papers have or will be submitted for publication, they contain
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some overlap in content. Chapter 5 ties the two studies together into a summary of the
implications and possible directions for future research.

Abbreviations/Definition of Terms
AO (antioxidant): molecule that is capable of decreasing or stopping the oxidation of
other molecules into harmful reactive oxygen species
%FD (percent fatigue decrement): validated measurement of fatigue during repeated
sprint tests
= (100 x [total sprint time/ideal sprint time]) – 100
total sprint time = sum of all sprint times
ideal sprint time = number of sprints x fastest sprint time
IL-6 (interleukin-6): inflammation-responsive cytokine that is released from immune
cells (e.g. T cells and macrophages) following stress/trauma and muscle tissue with
exercise; it also stimulates the release of cortisol and anti-inflammatory cytokines
IL-1ra (interleukin-1 receptor agonist): anti-inflammatory cytokine that is released from
leukocytes and peripheral blood mononuclear cells during exercise following activation
by IL-6
IL-1β (interleukin-1β): pro-inflammatory cytokine that is released from immune cells,
(e.g. macrophages) in response to infection
IL-10 (interleukin-10): anti-inflammatory cytokine that is released from immune cells
(e.g. T cells and lymphocytes) during exercise
ORAC (oxygen radical absorbance capacity): laboratory measure of a substance’s
antioxidant capacity- its ability to convert free radicals to non-cell-damaging products
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OS (oxidative stress): imbalance in the redox state of biological systems from an
overproduction of reactive oxygen species relative to antioxidant capacity that can
damage cellular tissues and DNA
PSR test (progressive shuttle run test): test to exhaustion that involves repeated 20 m
sprints; used as a marker of performance and fatigue with team sports
Q (quercetin): flavonol compound commonly found in apples, onions, and tea that has
antioxidant properties
RPE (rating of perceived exertion): subjective measure on a scale of 0 – 10 of the level
of physical exertion required to complete a task; used in exercise tests
ROS (reactive oxygen species): highly reactive molecules (e.g. oxygen ions, free
radicals, and peroxides) that have unpaired electrons; by-products of oxidative stress
that can damage cellular tissues and DNA and are also involved in cell signaling
RST (repeated sprint test): measure of sprint performance specific to team sports that
involves multiple sprints at set distances and time intervals
VO2max (maximal oxygen consumption): maximal volume (in L) of oxygen that the body
can transport and utilize per minute; used as a measure of an individual’s physical
fitness and aerobic capacity
XO (xanthine oxidase): enzyme that catalyzes the oxidation of hypoxanthine to
xanthine and then uric acid; it is important in the catabolism of purines from DNA and
RNA in response to strenuous exercise
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Chapter II. Review of Literature
Exercise Tests to Assess Team Sport Performance
Since team sports involve a unique combination of aerobic and anaerobic components,
numerous protocols, including field tests and repeated sprinting tests (RSTs), have
been developed to assess team sport performance (see Table 2.1). In a sport with such
unique characteristics and physical demands as soccer, field tests are preferable to
laboratory tests in enhancing the specificity of the evaluation. The more specific the test
protocol is to the sport, the greater the validity of the test [1]. Since the late 1980’s,
several field tests have been developed that mimic the stop-and-go nature of a soccer
match. These tests include acceleration, deceleration, backwards running, and frequent
turning in addition to prolonged periods of running that can all reduce muscle glycogen.
Soccer-specific tests can fall into several categories including protocols that test for
aerobic capacity, anaerobic power and agility. Though not an exhaustive list, examples
of a wide range of running tests used to assess soccer and sprint performance are
listed in Tables 2.1 – 2.3.
To properly simulate the level of fatigue experienced by soccer players in a game
situation, the distance, intensity, and the amount of variability in intensity must all be
considered. Based on the literature, the total distance covered should be approximately
10-12 km, with intensities varying from periods of walking to maximal sprinting. Sprinting
constitutes approximately 1-11% of the total distance covered during a match, which
corresponds to 0.5-3.0% of the time when the ball is in play [2]. About two-thirds of this
movement should be at an intensity greater than 77% of maximal oxygen consumption
(VO2max), with the remaining one-third consisting of lower intensity walking and jogging
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[3]. Since soccer is very much a stop-and-go sport, frequent changes in intensity
should be instituted on intervals ranging from a few yards of running to covering nearly
the entire length of the playing field (100-130 yds). Incorporating a variety of rapid pace
changes is the closest way to mimic an actual game situation and ensures the subject
reaches an appropriate level of fatigue. Finally, drills that test the subject’s speed,
agility, and ball-handling skills may provide a means of measuring the subject’s
response to fatigue, in addition to progressive shuttle tests to exhaustion [4]. For
example, recently developed skill tests that assess ball-passing and ball-shooting
accuracy include the Loughborough Soccer Passing and Shooting Tests (LSPT and
LSST) [5].
Though a less direct method of measuring soccer performance than simulation
protocols, RSTs [6] of varying durations, distances, repetitions and modes have also
been used. Exercise protocols vary considerably, however, a majority of studies have
consisted of repeated sprints of five to six seconds and distances ranging from 15 – 40
meters [7]. Researchers have shown construct validity of RSTs as measures of matchrelated physical performance [8], and a high degree of reliability with these tests [6].
Numerous tests have been developed to assess the physical performance of
soccer players, though only a few have shown construct validity and therefore may
translate to soccer match performance [8, 9]. Shuttle-running protocols (e.g. the LIST)
are often used to simulate the physiology of soccer, but these tests are not valid
measures of soccer performance since they do not assess skill [10]. Tests such as the
LSPT and LSST are therefore preferential to non-skill based tests, however, they
require tight control and are more labor-intensive to conduct. RSTs generally require
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less time, equipment, and personnel. Results from RSTs are indicative of one aspect of
soccer performance- high intensity running, but cannot provide a complete picture of
soccer ability. The desired outcome measure must therefore be considered when
selecting an appropriate test. In some instances, a combination of several protocols
may be preferential.
Table 2.1 Examples of Intermittent Running Field Tests
ReferenceTest
Chronological
Ekblom
Interval field
(1986) [3]
test

Nicholas
(2000) [11]

LIST

Welsh (2002)
[12]

Intermittent
high intensity
test

Kingsley
(2005) [13]

Intermittent
shuttle test &
multi-stage
fitness test

Test Protocol
Four laps of soccer
field performing
forward, backward,
sideways & slalom
running, including
jumping & turning
Part A: running
between two lines 20
m apart at various
speeds (walking to
95% VO2max)
Part B: 20 m shuttle
to exhaustion at
speeds from 55%95% VO2max
4x 15 min. of shuttle
running at various
speeds (walking to
sprinting) with
jumping; 20 min. rest
(half-time); shuttle run
to fatigue
Part A: 20 m intervals
of varied shuttle
running (walking,
jogging, cruising,
backward cruising,
zig-zag sprints, rest, &
timed sprints) for 45
min.; 10 min. halftime; 20 m of varied
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Test
Duration
16.5 min.

Test Goal
Estimate
performance
potential

90 min.

Estimate,
physiological,
metabolic &
performance
potential

90 min.
(until
volitional
exhaustion)

Effect of
carbohydrateelectrolyte
ingestion on
physical &
mental function

90 min.
(until
volitional
exhaustion)

Effect of soccer
on oxidative
stress and
supplement on
performance

shuttle running for 30
min.
Part B: multi-stage
fitness test of 20 m
shuttle running to
fatigue
Davison
Intermittent
Part I: 4x15 min.
60 min.
Effect of CHO
(2008) [14]
shuttle test &
blocks of 20 m shuttle (until
ingestion
shuttle test to
running (3x20 m
volitional
immediately
exhaustion
walking, 1x20 m
exhaustion) prior to IHI
sprint, 3x20 m jog, &
exercise on
3x20 m fast running)
performance
Part II: Shuttle test to
exhaustion
CHO = carbohydrate, IHI = intermittent hight intensity, LIST = Loughborough
Intermittent Shuttle Test, VO2max = maximal oxygen consumption
Table 2.2 Examples of Incremental Shuttle and Sprint Tests
ReferenceTest
Chronological
Ramsbottom
Multi-stage
(1988) [15]
fitness test

Test Protocol
Shuttle running between two
markers 20 m apart at increasing
fast speeds (+0.14 m/s each min)
until volitional fatigue; measured
final velocity
600 m sprinting on an indoor track
as either:
1) 40x15 m
2) 20x30 m
3) 15x40 m
30 s rest between sprints
Repeated shuttle running at three
different velocities until volitional
fatigue

Balsom
(1992) [16]

Repeated
Sprint Test

Rico-Sanz
(1998) [17]

JRS Fatigue
Test

Ramsbottom
(2001) [18]

Yo-yo
intermittent
test

20 m shuttle runs with a short
recovery period after each pair of
shuttles until volitional fatigue;
measured total distance rather than
final velocity

Labsy (2004)
[19]

Probst field
test

280 m run with changes in direction
and 30 sec rest between until
volitional fatigue(initial speed of 8.4
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Test Goal
Estimate VO2max
& 5 km running
potential
Physiological
responses to
repeated bouts
of sprinting of
varying lengths
Correlation
between
glycogen
utilization & time
to fatigue
Effect of training
program on
physiological,
metabolic &
performance
potential
Compare ability
of each test to
predict maximal

Dupont
(2005) [20]

Adapted
Probst field
test
Repeated
Sprint Test

Glaister
(2007) [6]

Repeated
Sprint Test

Rampinini
(2007) [8]

Incremental
Field Test

km/h +0.6 km/h each stage)
Constant 2 min. stages with +1.2
km/h each stage until volitional
fatigue
15, 30, or 40 m sprints with 25 s
active recovery on an indoor track
12x30 m sprints every 35 s indoors

Progressive increase in speed of 1
km/h every min starting at 8 km/h
on grass surface until volitional
fatigue
Repeated
6x40 m shuttle sprints with 20 s
Sprint Test
passive recovery
VO2max = maximal oxygen consumption

aerobic velocity

VO2max kinetics
and sprint
performance
Time course of
test
familiarization
and reliability
Validity of field
tests as
indicators of
match-related
performance

Table 2.3 Examples of Soccer-Specific Tests
ReferenceChronological
Cox (2002)
[21]

Test

Test Protocol

Intermittent
high intensity
sprint test

Chamari
(2005) [22]

Hoff field test

Ali (2007) [5]

LSPT & LSST

5x 12 min. exercises
testing blocks of 20 m
all-out sprints, agility
runs, walking, jogging
and precision ballkicking drills
Subjects dribble
soccer ball through a
designed course for
10 min. (total distance
per lap = 290 m);
involves forward &
backward dribbling
through hurdles and
around cones
LPST: timed passing
drill of 8 long and 8
short passes with time
penalties for missed
passes
LSST: timed shooting
drill of 10 variable
shot sequences
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Test
Duration
60 min.

Test Goal

10 min.

Estimate VO2max
and
performance
potential

LPST: ~43
s
LSST: ~10
min

Measure soccer
skill
performance

Estimate effect
of creatine on
performance

LSPT = Loughborough Soccer Passing Test, LSST = Loughborough Soccer Shotting
Test, VO2max = maximal oxygen consumption
Metabolic Demands of Exercise
The initial energy demands during exercise (~0-90 sec) are dependent on the
high-energy phosphates and glycogen stored within the muscle [23]. These fuel
sources will sustain the body for a short period of time, but additional plasma glucose
and/or free fatty acids must be made available if exercise is to continue longer than a
couple of minutes (see Figure 2.1). The intensity of the exercise, usually represented
as a percentage of an individual’s VO2max, dictates the type of substrate used. For
exercise at intensities greater that 65% of VO2max, plasma glucose and glycogen stores
are the primary fuel supply [24]. When assessing energy utilization, it is also important
to consider the training status of the athlete. Endurance training makes the body more
efficient at fuel utilization by reducing the production, uptake and oxidation of plasma
glucose during intense exercise, leading to greater reliance on fat oxidation and
glycogen sparing during submaximal exercise [25].
Team sports have many similarities to prolonged endurance exercise in terms of
fuel utilization, though there are some unique differences. The mean work rate during a
90-minute soccer match is approximately 75% VO2max [26], so a greater reliance on
carbohydrate rather than fat would be expected. During a soccer match, muscle
glycogen utilization depletion may be up to 90% of pre-exercise values [3]. However, in
a more recent study [27], muscle glycogen was reported to decrease by only 42% over
the course of a game and predominantly in slow twitch muscle fibers. It is also
important to note that the physical demands of team sports also vary between playing
positions. Of the non-goalkeeper positions, midfielders have been shown to run the
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longest distances during a game, and professionals cover more distance than nonprofessionals. In a match analysis of 14 top-level players by Bangsbo et al. [26],
midfielders averaged 11.4 km per game, covering a 10% longer distance than
defenders and forwards. Reliance on carbohydrate as a fuel source may therefore be
greater in elite midfielders than less trained athletes playing other positions.

Muscle Triglycerides
Plasma Free Fatty Acids

Blood Glucose*
Muscle Glycogen

Figure 2.1 Percentage of energy derived from the four major substrates during
prolonged exercise at 65 – 75% of maximal oxygen uptake. *After 2 h exercise,
carbohydrate ingestion is needed to maintain blood glucose concentration and
carbohydrate oxidation. Reproduced from Coyle (1995) [28].
Many researchers have studied the role of carbohydrate (i.e. high-carbohydrate
diets and acute supplementation) in sustaining and/or improving endurance
performance. Acute carbohydrate supplementation involves the consumption of
carbohydrate immediately prior to and/or during exercise. Coyle et al. [29] monitored
seven trained cyclists in a cycle test to fatigue. Subjects consumed either a placebo
drink or a glucose polymer beverage every 20 minutes for the duration of the test.
Carbohydrate supplementation allowed the subjects to cycle for an hour longer than
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with the placebo alone (4.02 +/- 0.33h vs. 3.02 +/- 0.19h). Even though some research
groups have not found carbohydrate to significantly influence sport performance [30-34],
many have found a benefit [12, 32, 35-45]. As this information has found its way into
the mainstream, the practice of consuming carbohydrate during exercise has become a
habit in many sports, including soccer.
The total volume of carbohydrate consumed varies considerably from study to
study depending on the duration of the protocol. In most instances, supplementation of
1.0 – 1.1 g of carbohydrate/kg/min has shown ergogenic effects [46]. This normally
takes the form of a 6% carbohydrate beverage solution composed of a mixture of
glucose, fructose and sucrose. A blend of carbohydrate appears to be preferential to
glucose alone, since the various molecules use alternate transport mechanisms across
the intestinal and are absorbed at different rates [47]. Maximizing the efficiency of
carbohydrate metabolism between multiple pathways allows more carbohydrate to be
absorbed at one time. An additional strategy for optimizing absorption is by increasing
the frequency of carbohydrate consumption. Most research groups that have reported
an ergogenic effect of carbohydrate with prolonged exercise (over 60 min.) have given
subjects carbohydrate at 15 min. intervals [12, 36, 48-50]. Less frequent
supplementation may not have as significant an effect [51].
While a majority of the published research has focused on endurance sports, the
effect of carbohydrate supplementation on performance in intermittent, high intensity
exercise in team sports is less studied. Some groups have observed improvements in
run time to fatigue [12, 14, 36] and sprint times [12, 48, 52]. Welsh et al. [12] reported
that subjects who ingested a carbohydrate-electrolyte (CHO-E) beverage before and
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during an high intensity shuttle run protocol designed to mimic basketball ran 37%
longer during a test to fatigue and had faster 20 m sprint times at the end of the
protocol.
Some groups have reported a benefit of carbohydrate supplementation on
soccer-simulation performance tests [36, 49]. Nicholas et al. [36] found that a 6.5%
CHO-E solution immediately prior to exercise and at 15 min intervals during a LIST
improved endurance running capacity compared to a placebo. Similarly, Patterson and
Gray [49] reported that a carbohydrate gel vs. placebo provided at similar frequencies to
Nicholas et al. [36] increased run time to exhaustion following a LIST (6.1±1.3 vs.
4.2±1.2 min).
Others, however, have not found a significant effect of carbohydrate
supplementation on soccer-specific performance [32, 33]. On three separate
occasions, Clarke et al. [32] gave 12 soccer players a placebo or CHO-E beverage
before and at two different frequencies during a LIST (one bolus mid-way or every 15
min). Morris et al. [33] had nine soccer and rugby players perform a two-part LIST at
30°C following consumption of flavored water (0.1 g carbohydrate), a 6.5% CHO-E
beverage (6.5 g carbohydrate) or a placebo before and during exercise (~every 19 min).
Total distance run and 15-meter sprint times were not significantly different between any
of the treatments. However, only one participant completed the entire protocol in the
CHO-E trial compared to five and three participants in the flavored water and placebo
trials.
The differences in substrate utilization between continuous endurance exercise
and intermittent, high intensity exercise may account for the less definitive findings with
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these variable protocols. In addition, methodological differences between tests, such as
running and rest time, amount and timing of supplementation as well as environmental
factors (e.g. temperature), likely play a role. More research using soccer-specific tests
is needed to improve our understanding of the energy needs of this unique exercise.

Introduction to Inflammation
Inflammation is a response of the innate immune system, and is the reaction of
the body to various stresses including cellular damage or infection caused by physical
and/or chemical agents. Its primary functions are to destroy and remove the deleterious
agent, sequester the injury to a localized area within the body, and repair any damage
that may have resulted from the injury. The inflammatory response includes release of
various soluble molecules called cytokines and chemokines, which mediate interactions
between cells, thus affecting processes such as immunity and protein synthesis. Most
of the more than 40 known cytokines are produced by monocytes or helper T cells in
numerous tissues throughout the body and bind to specific receptors on corresponding
target cells. As these inflammatory markers accumulate, they facilitate the infiltration
and activation of neutrophils, macrophages, and lymphocytes which are needed to
destroy and remove pathogens and damaged tissue. These molecules typically appear
within an hour following tissue damage with neutrophils appearing on the scene first [53,
54]. Innate immunity provides the body with a very rapid first line of defense until the
powerful and flexible adaptive immune response takes effect [55]. This becomes
problematic when the inflammatory response remains elevated resulting in chronic lowgrade inflammation in liver, adipose and skeletal muscle tissues [56].
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Myokines and Exercise
Strenuous exercise has been shown to increase inflammation as noted by
dramatic increases in cytokines such as interleukin (IL-6) and IL-1 receptor agonist (ILra) [57-59]. These and other cytokines that are released by muscle fibers following
physical activity are classified as “myokines” [60]. Ostrowski et al. tested marathoners
before, immediately after, and 2 h after a marathon. A significant increase in plasma IL6 (1.5±0.7 to 94.4±12.6 pg⋅ml-1) and IL-1ra (123±23 to 2795±551 pg⋅ml-1) was observed
immediately post-exercise.
Recent evidence suggests that the cytokine cascade induced by exercise is quite
different than that caused by infection [60]. IL-6 was originally classified as a proinflammatory cytokine promoting activation of other pro-inflammatory molecules such as
tumor necrosis factor-α (TNF-α) as part of an immune response [61]. IL-6 has also
been found to be elevated in obese individuals and type 2 diabetics, and may be related
to insulin resistance [62, 63]. With exercise, however, IL-6 exhibits anti-inflammatory
properties by inducing IL-1ra and IL-10 production [64]. Since exercise has been shown
to increase insulin sensitivity immediately postexercise [65], it has been theorized that
IL-6 may actually enhance insulin action. Though this cytokine increases with exercise,
regular training has been shown to actually blunt the cytokine response [66] and may
actually decrease basal cytokine levels. The dual-role of IL-6 has led to its description
as “inflammation-responsive” [67], and is therefore important to consider when
comparing and interpreting results from pathological and exercise studies. The concern
over exercise-induced inflammation is when this response is chronic. Even though
acute inflammation is important in producing training adaptations to exercise, a
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prolonged inflammatory state may delay repair of damaged muscle tissue resulting in
fatigue and overtraining.

Team Sport Exercise and Inflammation
Although most of the research on exercise-induced inflammation has been
conducted with constant intensity, aerobic activities such as running or cycling, a limited
number of studies have focused on inflammation resulting from intermittent, highintensity activity (see Table 2.4). For example, Bishop et al. [68] observed a significant
increase in several inflammatory markers (i.e. plasma IL-6, TNF-α and cortisol) in
soccer players following a 90 min treadmill test involving intermittent sprinting and low
intensity running. Six male subjects completed two LISTs at least one week apart
following supplementation of either a CHO beverage or a placebo. IL-6 and TNF-α
increased in both treatments immediately post-exercise. At 30 min post-exercise, IL-6
remained elevated and there was a significant increase in cortisol in the placebo group.
There is evidence that repeated and single cycling sprints increase inflammation.
Meyer et al. [69] had 12 trained males perform (in a randomized order) one 60-s all-out
cycling test (CT) and the same test followed by eight 10-s sprints (RCT) every five min
with a rest day in between. IL-6 was elevated at 15 min and 2 h after the RCT but only
slightly in the CT at 2 h post-test. C-reactive protein was elevated 24 h post-test in RCT
alone. The inflammatory response was therefore greater following the repeated sprint
exercise than after a single bout. To our knowledge, no research groups have
specifically studied the cytokine response to repeated running sprints.
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The mechanism for the effect of exercise on inflammation is unclear and has
been suggested to be the result of various triggers such as hypoglycemia, low muscle
glycogen, muscle damage, oxidative stress (OS), or stimulation of immune cells [57,
70]. For example, peripheral blood mononuclear cells (PBMC) have been shown to be
activated in response to various dietary stresses, such as an acute high fat meal [71],
as well as with acute exercise [72, 73]. PBMC isolated from individuals performing
intermittent activity had activation of NF-κB, a transcriptional factor that stimulates
expression of inflammatory proteins. Cuevas et al. [72] observed an increase in NF-κB
(91%) up to 2 h following a single Wingate test (30 s maximal cycling) as well as a
series of four Wingate tests separated by 60 min rest intervals. NF-κB was elevated for
the first three tests in the series (43, 49 and 34%) and then leveled off. Studies on
athletes have also shown that the release of cytokines and activation of NF-κB are
sensitive to dietary carbohydrate intake [57, 74-76]. As NF-κB is regulated by oxygen
radicals, this suggests that OS is a link between diet and the inflammatory response to
exercise.

Introduction to Oxidative Stress
Oxidative stress is an imbalance between production of reactive oxygen species
(ROS) as by-products of metabolism, and their removal via conversion to less reactive
compounds. Similarly, radicals containing nitrogen are referred to as reactive nitrogen
species (RNS). ROS are highly reactive molecules containing one or more unpaired
electrons and are produced from the reduction of molecular oxygen (O2). ROS usually
exist for extremely short periods of time, of the order of nanoseconds or less, before

21

they react with another molecule, either gaining or losing a single electron in order to
achieve a stable configuration. This reaction then generates another molecule with an
unpaired electron that is again short-lived and highly reactive. In this manner, a chain
reaction develops. However, if two radicals react together to form a new, stable bond,
the chain reaction is stopped. Since radicals are generally short-lived, it is rare for two
radicals to come together to quench each other in this way. Compounds that are
capable of reacting with these radicals in order to halt radical chain reactions in
biological systems are called antioxidants [77].
The role of ROS in inflammation may be seen as both negative and positive. The
pro-inflammatory role of these substances is clearly seen as beneficial in providing an
improved immune response following infection or cell damage, as well as training
adaptations with exercise. Conversely, ROS may wreak havoc by propagating an
inappropriate inflammatory response [78]. Excessive ROS may interact with any
compound present in a cell and may lead to the initiation of cancer, heritable mutations,
atherosclerosis and coronary heart disease or autoimmune disease [77]. The most
important, and potentially damaging, interactions involve:
1. DNA in the nucleus via chemical changes in the nucleic acid bases or breaks in the
DNA strand. This damage may result in heritable mutations or the induction of
cancer in other tissues.
2. Alteration of individual amino acids in protein, resulting in a chemical modification of
the protein. It may therefore be recognized as foreign by the immune system,
leading to the production of antibodies that will attack the modified protein.
3. The non-enzymatic redox cycling of some amino acids, which produces more ROS.
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4. Unsaturated fatty acids in cell membranes, leading to the formation of compounds
that react with DNA, causing chemical modification. These compounds may also
react with amino acids in proteins, creating modified proteins that stimulate the
production of autoantibodies. The oxidation of unsaturated fatty acids is known as
lipid peroxidation.
5. Unsaturated fatty acids or amino acids in low-density lipoproteins (LDL). Oxidized
LDL is not recognized by LDL receptors in the liver but is taken up by scavenger
receptors in macrophages. This uptake is unregulated, and the macrophages
become engorged with lipid. These lipid-rich macrophages then infiltrate the
epithelium of blood vessel walls, which eventually leads to the development of
atherosclerosis [54, 55, 77].
ROS arise in the body in several ways. First of all, ROS may be generated by
normal oxidative metabolism, and reactions of the mitochondrial electron transport chain
(ETC) that involve the reoxidation of reduced flavin coenzymes. When an electron in
this chain moves to oxygen instead of the next acceptor in line, an intermediate
superoxide anion is formed. If the whole sequence of reactions continues then there is
no problem. However, since ROS are unpredictable by nature, there will always be
some that escape. It has been estimated that 2-4% of the 30 mol of oxygen consumed
by an adult each day is converted to oxygen radicals rather than undergoing complete
reduction to water in the ETC [79]. Recent research in animals, however, indicates that
this value may be much lower (0.1-0.2%) [80].
Secondly, ROS are produced during respiratory burst, which is a macrophageinduced increase in glucose consumption. This is metabolized by the pentose
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phosphate pathway, and leads to increased production of NADPH. The respiratory
burst oxidase (NADPH oxidase) is a flavoprotein that transfers electrons from NADPH
onto cytochrome b558, which then reduces oxygen to superoxide by the following
reaction:
NADPH + 2 O2 ---------------------------------------- NADP+ + 2·O2- + 2H+
NADPH oxidase
NADPH oxidase is a multienzyme complex that is activated by cytokines (e.g. IL-6 and
IL-1) and other signaling molecules that are released in response to inflammation.
Another enzymatic source of ROS is xanthine oxidase (XO). This enzyme is involved in
purine metabolism and its activity increases with exercise (see Section G) [81]. The
fourth way in which ROS arise in the body is via the production of nitric oxide (NO·),
which is a part of normal cell signaling. This radical can react with superoxide to
eventually yield the more damaging hydroxyl radical.
A final major source of ROS is through non-enzymatic means. Many transition
metal ions (e.g. iron, copper, cobalt, and nickel) react with oxygen or hydrogen peroxide
in solution. Normally, these ions are not significantly present in free solution because
they are bound to transport proteins or storage proteins and enzymes. An overload of a
certain metal, however, results in free ions, which act as a source of ROS [77, 82].
During hard exercise, several of these factors, particularly the body’s increased demand
for energy and heightened metabolism, lead to increased levels of OS.

Team Sport Exercise and Oxidative Stress
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Acute exercise poses an oxidative challenge and can increase markers of OS.
From the literature [83, 84], there is evidence that OS can occur within 10-15 min of the
initiation of exercise and may even peak up to 12 h after strenuous exercise. OS
markers are typically highest with moderately high intensity, prolonged exercise [85, 86].
Most studies, therefore, have involved a test mode of uninterrupted long distance
running or cycling with limited research on the effect of intermittent exercise on OS.
Until recently, little was known about OS and subsequent muscle damage in soccer
players. In the 72 h following a friendly soccer match between semi-professional
players, Ascensao et al. [87] observed increases in lipid peroxidation by-products as
measured by malondialdehyde (MDA) concentration. Kingsley et al. [13] tested 16
soccer players using an exhaustive intermittent soccer-specific protocol on two
occasions. One indicator of OS, serum hydroperoxide, was elevated by 24% at the end
of the approximately 90 min performance test. Finally, Cuevas et al. [72] found that
cyclists participating in several Wingate tests showed evidence of OS via an increase in
the GSSG/GSH ratio of 27-31% immediately after and at 15, 60, and 120 min post-test.
This was accompanied by increased activation of NF-κB, which is sensitive to
intracellular ROS. Following degradation of inhibitor-κB (I-κB), NF-κB in the cytoplasm
translocates into the nucleus where it binds to DNA and may alter transcription. Though
limited compared to endurance protocols, the research we do have seems to point to a
relationship between intermittent, high-intensity exercise and increased levels of OS
(see Table 2.4).
One apparent source of ROS with high intensity sprints is xanthine oxidase (XO).
Exercise that requires high amounts of ATP may lead to a decline in ATP production
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from ADP. Excess ADP is converted to inosine 5’-monophasphate (IMP) and then
further degraded into hypoxanthine. Hypoxanthine can either be resynthesized into IMP
via the purine salvage pathway or it can diffuse from the muscle into plasma. The liver
converts hypoxanthine into xanthine and eventually uric acid via the enzyme xanthine
oxidase (XO) [88]. In the presence of hypoxanthine or xanthine, XO reduces molecular
oxygen to superoxide and hydrogen peroxide (see Figure 2.2). Hydrogen peroxide can
be further reduced to a hydroxyl radical [81].

Xanthine + H2O + 2O2 → Uric Acid + 2O2- + 2H+
Xanthine + H2O + O2 → Uric Acid + H2O2
Figure 2.2 Reactions catalyzed by xanthine oxidase.
Several researchers have therefore used XO as an indirect marker of OS and have
reported increases in this enzyme’s activity with exhaustive exercise in rats [89-92].
Though XO was not directly measured, Stathis et al. [93] assessed hypoxanthine, uric
acid and inosine following repeated sprints. They observed an increase in these urinary
purines following 8x10 s cycling sprints. Following these sprints, total urinary purines
were higher compared to bouts of 1x10 and 4x10 s sprints up to 2 h post-test (+99 and
+64%). This confirms earlier work by Balsom et al. [16] who observed significant
increases in hypoxanthine (776% and 941%) and uric acid (23% and 40%) following
repeated 30 and 40 m sprints.
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Table 2.4 Inflammation & Oxidative Stress Following Soccer-Specific Exercise
ReferenceChronological
Thompson (2001)
[94]

Subjects

Test Design

16 active males
Randomly assigned
split b/t
groups & LIST
treatment groups 1) 2wk AO
2) placebo

Bishop (2002) [68]

6 male, trained
soccer players

Randomized, 1wk
cross-over design &
LIST w/acute beverage
b/f and during
1) CHO
2) P
Randomized 2wk
crossover of 2x
intermittent exhaustive
exercise test w/10d
supplement
1) phosphatidylserine
2) placebo
Soccer match

Kingsley (2005) [13]

16 college-aged,
male soccer
players

Ascensao (2008)
[87]

16 male, trained
soccer players

Ispirlidis (2008) [95]

24 elite male
soccer players
(14 experimental
& 10 controls)

Performance &
inflammatory markers
measured before, IPE
and for 6d after a
soccer match

Tauler (2008) [96]

19 male,
amateur soccer
players

Randomized 3mo
supplementation b/f
60min soccer match
1) CoQ (n=8)
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Outcome(s)
1) Greater ↑ plasma
AO resting and
post-ex; IL-6 ↓ed
faster
1 & 2) ↑ MDA & IL-6
IPE; ↑ CRP 24hpost
1) ↓er IL-6, circ
neutrophils & LPSstim neutrophil
degran 30min-post
compared to P
1 & 2) ↑ TNF-a
1) ↑ g-TOH pre- &
post-test; no chg
plasma non-enzy
AOs; ↑ TTE
2) ↓ TTE
1 & 2) ↑ LPO IPE
↑ MDA & SH grps to
48h-post, TAS &
neutrophils 30minpost, UA 72h-post
↓ lymphocytes for
24h-post
↓ performance 1-4d
post
Peak in:
• leukocytes, IL-6,
& IL-1b IPE
• CRP, TBARS
1d-post
• PC 2d-post
• UA 3d-post
1) ↓er plasma MDA
& PC IPE
2) ↑ neutrophil GSH
1 & 2) ↓ CAT, GPX,

2) P (n=11)
no chg SOD
AO = antioxidant supplement, CD = conjugated dienes, CHO = carbohydrate, CoQ =
Coenzyme Q, CRP = C-reactive protein, g-TOH = gamma-tocopherol, GSH =
glutathione, GPX = glutathione peroxidase, IL-6 = interleukin-6, IL-1b = interleukin1beta, IPE = immediately post-exercise, LIST = Loughborough Intermittent Shuttle Test,
LPO = lipid peroxidation, LPS = lipopolysaccharide, LPX = lipid peroxidase, MDA =
malondialdehyde, P = placebo, PC = protein carbonyls, SH = sulfhydryl groups, SOD =
superoxide dismutase, TAS = total antioxidant status, TBARS = thiobarbituric acid
reactive substances, TNF-a = tumor necrosis factor- a, TTE = time to exhaustion, UA =
uric acid
Flavonoids and Oxidative Stress
Apart from limiting one’s exposure to ionizing radiation, little can be done to
prevent the formation of free radicals since they are the result of normal metabolic
processes and responses to infection. To minimize this damage, ROS may be removed
from the body by either endogenous antioxidants (e.g. superoxide dismutase, catalase,
uric acid, and GSH perioxidase) or exogenous antioxidants (e.g. vitamins E and C and
carotenoids). The enzyme superoxide dismutase decomposes superoxide radicals by
converting them to hydrogen peroxide plus oxygen. The hydrogen peroxide can then
be further decomposed by catalase and GSH. An exogenous antioxidant important to
the health of cell membranes is α-tocopherol, the major member of the vitamin E family.
This molecule intercepts lipid peroxyl radicals to form stable fatty acids, thus terminating
lipid-peroxidation chain reactions. The carotenoids are also lipid-soluble compounds
that are found in highly pigmented fruits and vegetables, and ascorbic acid (vitamin C),
which is the major water-soluble free radical scavenger [55, 77].
Recently, attention has focused on the antioxidant properties of flavonoids, which
are polyphenolic compounds. As non-nutrients derived from plants (phytochemicals)
these compounds are also responsible for the pigments of some plants. Most
flavonoids share a common three-ring structure containing two aromatic rings bound to
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a heterocyclic ring. Variation in the heterocyclic ring forms the basis for subclasses
such as flavones, isoflavones, flavonols, flavanals, flavanones, and anthocyanidins.
Flavonoids in plants are predominantly linked in a beta-configuration to sugars such as
glucose, and referred to as glycosides [97].
Over 5,000 flavonoids have been identified and are commonly found in varying
amounts in fruits, vegetables, herbs, spices, teas, dark chocolate, red wine, and honey
[97]. A significant body of epidemiological evidence has revealed that diets rich in these
foods have led to fewer deaths from cancer, heart disease, and heart attacks [98].
Since the 1990’s they have been considered as potentially protective antioxidants
because they can form relatively stable radicals that persist long enough to undergo
reaction to non-radical products.

Dietary Interventions and Effect on Exercise-Induced Inflammation and Oxidative
Stress
Carbohydrate
Both nutrition and exercise can influence inflammation. Several studies by
Nieman et al. [57, 99-102] and colleagues [103-105] have shown that hypoglycemia
caused by exercise can contribute to increases in inflammatory markers in endurance
athletes. In one study [103], 30 marathon runners ran for 2.5 h at a high intensity
(roughly 77% VO2max) while ingesting either a 6% carbohydrate beverage or placebo.
Immediately post-run, the placebo group had an increase in plasma IL-6 of 753% over
baseline values and a 231% increase for IL-1ra. The carbohydrate group also showed
increases in IL-6 and IL-1ra, but on a significantly lower magnitude than the control
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(421% and 72% respectively). Finally, cortisol and plasma IL-6 and IL-1ra were all
negatively correlated to the increase in plasma glucose concentrations observed with
carbohydrate supplementation. A later study by Nieman et al. [57] supported these
findings. Sixteen marathoners ran on treadmills for 3 h at approximately 70% VO2max on
two occasions. Subjects received 12 mL/kg of either a 6% carbohydrate or placebo
beverage 15-30 min pre-run and then 4 mL/kg of the respective beverages every 15 min
during the 3-h run. Blood plasma and muscle biopsies were analyzed for several
cytokine markers. Acute carbohydrate attenuated an increase from pre-exercise levels
of cortisol, plasma IL-6, IL-10, IL-1ra, and gene expression for IL-6 and IL-8. The
increase in mRNA expression with carbohydrate was only 15.9-fold (35.2-fold increase
for placebo) for IL-6 and 7.8-fold (vs. 23.3-fold) for IL-8. There is also evidence that low
levels of muscle glycogen are correlated with increased IL-6 release from exercising
skeletal muscle [106], though others have not found a correlation [107]. Overall, the
research indicates a potential effect of maintaining carbohydrate stores on inflammation.
Mechanistically, carbohydrate intake increases plasma glucose, which reduces
the risk of hypoglycemia. A hypoglycemic state is linked to activation of the
hypothalamic-pituitary-adrenal axis and the locus ceruleus (LC)/norepinephrine (NE)sympathetic nervous system. Exercise represents a stress condition that leads to an
increased release of adrenocorticotrophic hormone (ACTH) via stimulation by proinflammatory cytokines (TNFα and IL-1) and the inflammatory-responsive cytokine, IL-6.
The binding of ACTH at the adrenal cortex results in the production of cortisol and other
growth hormones. The LC/NE-sympathetic system releases catecholamines, such as
epinephrine, which play a major role in the control of inflammation through stimulation of
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IL-6. Epinephrine can also undergo auto-oxidation and thus provide a source of ROS
[108]. Therefore, carbohydrate ingestion has been shown to partially prevent the
increase in OS and subsequent inflammation with prolonged, sustained exercise (see
Figure 2.3). Thus, by moderating blood glucose through the ingestion of a
carbohydrate-containing beverage before and during breaks from exercise, it may be
possible to minimize OS, inflammation and potential muscle damage and immune
dysfunction.
Some research demonstrates that various nutritional manipulations that provide
antioxidants reduce the OS or inflammatory response to exercise [85, 109-111]. For
example, Mastaloudis et al. [85] reported that an antioxidant-vitamin supplement
abolished the increase in a marker of lipid oxidation (F2-isoprostanes) in response to a
50 km run. This is especially significant since the control group of men in the study who
did not receive the antioxidant supplement had elevated F2-isoprostanes for six days
post-race. Other studies [112, 113], however, have proved inconclusive, and some
researchers have even found supplementation of vitamin E to actually increase lipid
peroxidation and inflammation [112, 114]. It is important to note that the test subjects in
these studies were all ultramarthoners under severe, prolonged physical stress. Most
antioxidant studies have focused on long endurance exercise, with little research
published on intermittent exercise. However, Schroder et al. [115] found that prolonged
supplementation (32 d) of an antioxidant mixture significantly decreased levels of OS
(lipoperoxide) in professional basketball players.
Endurance training increases antioxidant defenses, particularly through
increased basal levels of endogenous antioxidant enzymes [116]. Brites et al. [117]
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reported that soccer players undergoing regular training showed a significantly
improved plasma antioxidant status of 25% in comparison to sedentary controls.
Therefore, even though acute, intense exercise has been shown to induce OS, regular
physical activity appears to elevate plasma activities of antioxidant enzymes and the
level of free radical scavengers, thus improving resting plasma antioxidant status.
Other researchers have supported these findings [110, 118, 119].

Figure 2.3 Proposed interaction between carbohydrate supplementation, hormone
release and immunity; figure used with permission [120].
Honey
One food source that may have ergogenic properties for sports such as soccer is
honey. As a natural product, the composition of honey is highly variable. The major
components of honey are sugars, of which the monosaccharides fructose and glucose
together make up around 70% of the total product. The remaining 30% consists of
disaccharides such as sucrose, and water [121]. Clover honey is commonly available in
US markets, and generally has a fructose-to-glucose ratio close to 1.0 [122], making it
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similar in composition to most commercial sports drinks [123]. Table 5 outlines the
average amounts (in g/100g) of the major sugar constituents of honey.
Table 2.5 Sugar Composition of Two Common Honeys (g/100g) [124]
Constitutent

Blossom Honey
Average Range
Water
17.2 15-20
Fructose
38.2 30-45
Glucose
31.3 24-40
Sucrose
0.7 0.1-4.8
Total sugars
79.7

Honeydew Honey
Average Range
16.3
15-20
31.8
28-40
26.1
19-32
0.5 0.1-4.7
80.5

Various forms of honey are also sources of antioxidants and have been shown to
increase serum antioxidant capacity in humans after just one serving [125, 126].
Gheldof et al. [125] demonstrated a 7% increase in serum antioxidant capacity 90 min
after consumption of 500 ml of tea with 80 g (~4 Tbsp) of buckwheat honey. This was
not altered by consumption of tea alone or tea with sucrose. The amount and type of
these compounds is largely dependent upon the floral source, or variety of the honey.
Generally, darker honeys, such as buckwheat, have been shown to be higher in
flavonoid and phenolic content and antioxidant capacity than the lighter varieties.
The antioxidant value of honey appears to be largely related to its polyphenols
and flavonoids such as hydroxybenzoic acid and pinobanksin [126-128]. Schramm et
al. [126] showed that total plasma phenolics and plasma antioxidant capacity were
increased within 1 h after ingestion of 1.5 g/kg of body weight of high- and lowantioxidant buckwheat honey but not with ingestion of corn syrup. Analysis of honeys
from various floral sources revealed a total oxygen radical absorbance capacity (ORAC)
value ranging from 3-17 µmol of TE/g [127]. Clover honey had an ORAC value of 6.53
µmol of TE/g. On a fresh weight basis, this value is comparable to fruits such as

33

bananas, pineapple, and honeydew melon (5.65, 10.55, and 2.37 µmol of TE/g
respectively) [129]. Compared to the phenolic concentrations and ORAC activity of
other flavonoid-rich foods (e.g. fruits, tea), clover honey is relatively low. In addition to
phenolic compounds and flavonoids, several minor constituents of honey also have
known antioxidant properties. These include certain enzymes (i.e. glucose oxidase and
catalase), ascorbic acid, carotenoid-like substances, organic acids, and amino acids
and proteins [128]. Although honey is not consumed in quantities equivalent in mass to
that of most fruits and vegetables, it may be used as a healthy alternative to sugar in
many products while serving as a supplementary source of dietary antioxidants [125].
Even though the antioxidant content of the more commonly available clover
honey is less than that of buckwheat honey, both varieties still possess greater
antioxidant potential than that expected in commercial sports drinks. This may appeal
to athletes. Research into the effect of honey supplementation on athletic performance,
however, is extremely limited. One recent study by Earnest et al. [38] compared
glucose to honey ingestion on cycling performance. Nine endurance athletes
participated in a series of three 64-km time trials where they received 15 g of honey,
dextrose, or a placebo in a random, double-blind crossover design. The time to
complete the total time trial was significantly faster and power output was greater for
both of the carbohydrate groups compared to the placebo. From this study, honey
appears to at least be as ergogenic as a commercial sports drink. Though some
previously mentioned studies have examined the effect of different forms of
carbohydrate supplementation on intermittent exercise performance, no researchers
have specifically looked at honey.
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Quercetin
Another phytochemical that could improve health is quercetin. This flavonol
found in apples, onions and other plant foods has in vitro evidence as a XO inhibitor
[130]. The absorption and availability of quercetin has been widely studied [131], and it
has been shown to reach peak levels in the blood a few hours after a meal. Repeated
ingestion will maintain blood quercetin concentrations [132] and increase tissue
concentrations [133]. Several different metabolites for quercetin exist and have varying
levels of bioavailability. Of these, quercetin glucosides are the most efficiently
absorbed. For example, the bioavailability of the metabolite rutin, is only ~20% of that
of quercetin glucosides [134]. Quercetin absorption occurs in the small intestine and is
believed to be via sodium-dependent glucose transporters and/or diffusion following
hydrolysis by enzymes at the brush border.
Quercetin’s activity as an XO inhibitor has been shown in animal studies. For
example, quercetin decreased liver uric acid production and liver XO activity in
hyperuricemic mice [135]. A handful of studies have been published relating to
ingestion of quercetin by athletes (see Table 2.6). Nieman et al [136] did not observe
an effect on circulating cytokine response to a prolonged aerobic exercise bout but did
detect a reduction in mRNA for some cytokines (IL-8 and IL-10) in blood cells of
subjects fed quercetin. Quindry et al. [113] provided subjects with three weeks of
antioxidant plus quercetin supplements prior to an ultramarathon. Interestingly, markers
of OS (F2-isoprostanes and protein carbonyls) did not change with either exercise or
quercetin supplementation. In a recently published study [137], Davis et al. found an
ergogenic effect on endurance performance with quercetin feeding in rodents. Only one
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reported study in humans has reported an ergogenic effect of quercetin on
performance. MacRae and Mefferd [138] observed improved performance on a 30-km
cycling time trial and increased power output following chronic antioxidant plus
quercetin supplementation. Of the published studies in athletes, none have measured
individual quercetin metabolites but have only looked at total plasma quercetin. No
studies have examined the effect of quercetin on inflammation or OS response to
repeated sprinting.
Table 2.6 Quercetin’s Effect on Inflammation, OS & Performance in Exercising Humans
Reference
(Chronological)
MacRae (2006)
[138]

Subjects
11 elite male
cyclists

McAnulty (2008)
[139]

40 trained
male cyclists

Nieman (2007)
[140]

63 male &
female ultra
runners

Nieman (2007)
[136]

40 trained
male cyclists

Test Design

Intervention

Outcomes

Randomized
crossover
4x30km cycling
TT at 3, 6, 9 &
12wks
Randomized
groups
(n=20/grp);
cycle test of 3d
cycling (57%
work max) 3h/d

6wks b/f 2nd &
4th TT
1) FRS (0.6g
Q)
2) FRS-Q
6wks b/f &
during 3d of
cycling test
1) 1g Q+Tang/d
2) P

1) faster TT & ↑
%PP

1) ↑ plasma Q
after 6wks
1 & 2) post-ex
↑ F2-I, plasma
nitrite, FRAP,
TEAC, CRP
IPE; ↔ b/t
trtmnts
160km Western 3wks b/f race
1) ↑ plasma Q
States
1) 1g/d Q+AO
after 3wks
Endurance
chews (n=18)
1 & 2) post-ex
Race
2) P (n=21)
↑ plasma cyto
(9 total), IL-1ra
& IL-10 mRNA,
& CRP; ↓ IL-8
mRNA; no chg
IL-6 mRNA; ↔
b/t trtmnts
Randomized
3wks b/f &
1) post-ex ↓er
groups
during 3d of
leuk IL-8 & IL10
(n=20/grp);
cycling test
mRNA
cycle test of 3d 1) 1g Q+Tang/d 1 & 2) post-ex
cycling (57%
2) P
↑ plasma IL-6,
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work max) 3h/d

IL-8, IL-1b, &
TNF-a mRNA;
↑ cyt mRNA &
muscle COX-2
mRNA; no chg
muscle NF-kB
Nieman (2007)
40 trained
Randomized
3wks b/f &
1) post-ex ↓
[141]
male cyclists
groups
during 3d of
URTI 14d
(n=20/grp);
cycling test
1 & 2) post-ex
cycle test of 3d 1) 1g Q+Tang/d ↑ BL; ↓ NK
cycling (57%
2) P
activity &
work max) 3h/d
POBA; ↑ PHAlymph & MPO;
↓ sIgA w/time;
↔ b/t trtmnts
Quindry (2008)
63 male
160km Western 3wks b/f race
1 & 2) post-ex
[113]
(n=48) &
States
1) 1g/d Q+AO
↑ FRAP; no
female (n=15) Endurance
chews (n=18)
chg TEAC, F2ultra runners
Race
2) P (n=21)
I, PC; ↔ blood
measures or
race time b/t
trtmnts
AO = antioxidant, BL = blood leukocytes, CRP = C-reactive protein, cyto = cytokine, F2I = F2-isoprostanes, FRAP = Ferric-reducing antioxidant potential, FRS = sports drink
w/quercetin, IL = interleukin, leuk = leukocyte, MPO = myeloperoxidase, NF-kB =
nuclear factor-kappaB, NK = natural killer cell activity, P = placebo, PC = protein
carbonyls, PHA-lymph = phytohemagglutinin-stimulated lymphocytes, POBA =
polymorphonuclear oxidative-burst activity, PP = peak power, Q = quercetin, sIgA =
salivary IgA, TEAC = Trolox equivalent antioxidant capacity, TNF-a = tumor necrosis
factor-alpha, TT = time trial, URTI = upper respiratory tract infection
Summary
Similar to continuous endurance exercise, participation in team sports, such as
soccer, results in increased markers of inflammation and oxidative stress. While these
compounds are important for promoting immune responses following infection or cell
damage, as well as training adaptations with exercise, they may wreak havoc by
propagating an inappropriately high or prolonged inflammatory response. This may
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lead to increased fatigue and negatively affect sports performance in the short term and
immunity or muscle integrity in the long term.
Nutritional interventions that contain carbohydrate and antioxidants have shown
promise in minimizing the metabolic stress response to exercise as well as maintaining
athletic performance. Acute supplementation during a soccer game, however, presents
unique challenges in terms of limited delivery frequency and volume. Information
regarding the use of these supplements with high-intensity, intermittent exercise may be
helpful in planning nutritional supplementation to team-sport athletes seeking to
maximize their performance potential. It would also increase our understanding of their
effect on exercise-induced inflammation and oxidative stress.

38

References
1.

Svensson, M. and B. Drust, Testing soccer players. J Sports Sci, 2005.
23(6): p. 601-18.

2.

Stolen, T., et al., Physiology of soccer: an update. Sports Med, 2005. 35(6):
p. 501-36.

3.

Ekblom, B., Applied physiology of soccer. Sports Med, 1986. 3(1): p. 50-60.

4.

Ramsbottom, R., J. Brewer, and C. Williams, A progressive shuttle run test
to estimate maximal oxygen uptake. Br J Sports Med, 1988. 22(4): p. 141-4.

5.

Ali, A., et al., Reliability and validity of two tests of soccer skill. J Sports
Sci, 2007. 25(13): p. 1461-70.

6.

Glaister, M., et al., Familiarization and reliability of multiple sprint running
performance indices. J Strength Cond Res, 2007. 21(3): p. 857-9.

7.

Spencer, M., et al., Physiological and metabolic responses of repeatedsprint activities:specific to field-based team sports. Sports Med, 2005.
35(12): p. 1025-44.

8.

Rampinini, E., et al., Validity of simple field tests as indicators of matchrelated physical performance in top-level professional soccer players. Int J
Sports Med, 2007. 28(3): p. 228-35.

9.

Krustrup, P., et al., The yo-yo intermittent recovery test: physiological
response, reliability, and validity. Med Sci Sports Exerc, 2003. 35(4): p. 697705.

10.

Currell, K. and A.E. Jeukendrup, Validity, reliability and sensitivity of
measures of sporting performance. Sports Med, 2008. 38(4): p. 297-316.

39

11.

Nicholas, C.W., F.E. Nuttall, and C. Williams, The Loughborough
Intermittent Shuttle Test: a field test that simulates the activity pattern of
soccer. J Sports Sci, 2000. 18(2): p. 97-104.

12.

Welsh, R.S., et al., Carbohydrates and physical/mental performance during
intermittent exercise to fatigue. Med Sci Sports Exerc, 2002. 34(4): p. 72331.

13.

Kingsley, M.I., et al., Effects of phosphatidylserine on oxidative stress
following intermittent running. Med Sci Sports Exerc, 2005. 37(8): p. 1300-6.

14.

Davison, G.W., et al., The effects of ingesting a carbohydrate-electrolyte
beverage 15 minutes prior to high-intensity exercise performance. Res
Sports Med, 2008. 16(3): p. 155-66.

15.

Ramsbottom, R., J Brewer, & C. Williams, A progressive shuttle run test to
estimate maximal oxygen uptake. Br J Sports Med, 1988. 22(4): p. 141-4.

16.

Balsom, P.D., et al., Physiological responses to maximal intensity
intermittent exercise. Eur J Appl Physiol Occup Physiol, 1992. 65(2): p. 1449.

17.

Rico-Sanz, J., et al., Dietary and performance assessment of elite soccer
players during a period of intense training. Int J Sport Nutr, 1998. 8(3): p.
230-40.

18.

Ramsbottom, R., et al., Effect of training on accumulated oxygen deficit and
shuttle run performance. J Sports Med Phys Fitness, 2001. 41(3): p. 281-90.

40

19.

Labsy, Z., et al., Assessment of maximal aerobic velocity in soccer players
by means of an adapted Probst field test. J Sports Med Phys Fitness, 2004.
44(4): p. 375-82.

20.

Dupont, G., et al., Relationship between oxygen uptake kinetics and
performance in repeated running sprints. Eur J Appl Physiol, 2005. 95(1): p.
27-34.

21.

Cox, G., et al., Acute creatine supplementation and performance during a
field test simulating match play in elite female soccer players. Int J Sport
Nutr Exerc Metab, 2002. 12(1): p. 33-46.

22.

Chamari, K., et al., Endurance training and testing with the ball in young
elite soccer players. Br J Sports Med, 2005. 39(1): p. 24-8.

23.

McArdle, W.D., Katch, F. I., & Katch, V. L., Exercise Physiology: Energy,
Nutrition and Human Performance. 5th ed. 2004, Philadelphia, PA:
Lippincott Williams and Wilkins.

24.

Craig, B.W., The influence of fructose feeding on physical performance. Am
J Clin Nutr, 1993. 58(5 Suppl): p. 815S-819S.

25.

Coggan, A.R., et al., Glucose kinetics during high-intensity exercise in
endurance-trained and untrained humans. J Appl Physiol, 1995. 78(3): p.
1203-7.

26.

Bangsbo, J., L. Norregaard, and F. Thorso, Activity profile of competition
soccer. Can J Sport Sci, 1991. 16(2): p. 110-6.

41

27.

Krustrup, P., et al., Muscle and blood metabolites during a soccer game:
implications for sprint performance. Med Sci Sports Exerc, 2006. 38(6): p.
1165-74.

28.

Coyle, E.F., Substrate utilization during exercise in active people. Am J Clin
Nutr, 1995. 61(4 Suppl): p. 968S-979S.

29.

Coyle, E.F., et al., Muscle glycogen utilization during prolonged strenuous
exercise when fed carbohydrate. J Appl Physiol, 1986. 61(1): p. 165-72.

30.

Madsen, K., et al., Effects of glucose, glucose plus branched-chain amino
acids, or placebo on bike performance over 100 km. J Appl Physiol, 1996.
81(6): p. 2644-50.

31.

van Nieuwenhoven, M.A., F. Brouns, and E.M. Kovacs, The effect of two
sports drinks and water on GI complaints and performance during an 18km run. Int J Sports Med, 2005. 26(4): p. 281-5.

32.

Clarke, N.D., et al., Strategies for hydration and energy provision during
soccer-specific exercise. Int J Sport Nutr Exerc Metab, 2005. 15(6): p. 62540.

33.

Morris, J.G., et al., The influence of a 6.5% carbohydrate-electrolyte
solution on performance of prolonged intermittent high-intensity running at
30 degrees C. J Sports Sci, 2003. 21(5): p. 371-81.

34.

Nassis, G.P., C. Williams, and P. Chisnall, Effect of a carbohydrateelectrolyte drink on endurance capacity during prolonged intermittent high
intensity running. Br J Sports Med, 1998. 32(3): p. 248-52.

42

35.

Wright, D.A., W.M. Sherman, and A.R. Dernbach, Carbohydrate feedings
before, during, or in combination improve cycling endurance performance.
J Appl Physiol, 1991. 71(3): p. 1082-8.

36.

Nicholas, C.W., et al., Influence of ingesting a carbohydrate-electrolyte
solution on endurance capacity during intermittent, high-intensity shuttle
running. J Sports Sci, 1995. 13(4): p. 283-90.

37.

Febbraio, M.A., et al., Effects of carbohydrate ingestion before and during
exercise on glucose kinetics and performance. J Appl Physiol, 2000. 89(6):
p. 2220-6.

38.

Earnest, C.P., et al., Low vs. high glycemic index carbohydrate gel
ingestion during simulated 64-km cycling time trial performance. J Strength
Cond Res, 2004. 18(3): p. 466-72.

39.

Davis, J.M., R.S. Welsh, and N.A. Alerson, Effects of carbohydrate and
chromium ingestion during intermittent high-intensity exercise to fatigue.
Int J Sport Nutr Exerc Metab, 2000. 10(4): p. 476-85.

40.

Wallis, G.A., et al., Metabolic response to carbohydrate ingestion during
exercise in males and females. Am J Physiol Endocrinol Metab, 2005.

41.

Jentjens, R.L., J. Achten, and A.E. Jeukendrup, High oxidation rates from
combined carbohydrates ingested during exercise. Med Sci Sports Exerc,
2004. 36(9): p. 1551-8.

42.

Jentjens, R.L. and A.E. Jeukendrup, High rates of exogenous carbohydrate
oxidation from a mixture of glucose and fructose ingested during
prolonged cycling exercise. Br J Nutr, 2005. 93(4): p. 485-92.

43

43.

Mitchell, J.B., et al., Effects of carbohydrate ingestion on gastric emptying
and exercise performance. Med Sci Sports Exerc, 1988. 20(2): p. 110-5.

44.

Mitchell, J.B., et al., Influence of carbohydrate ingestion on
counterregulatory hormones during prolonged exercise. Int J Sports Med,
1990. 11(1): p. 33-6.

45.

Coggan, A.R. and E.F. Coyle, Reversal of fatigue during prolonged exercise
by carbohydrate infusion or ingestion. J Appl Physiol, 1987. 63(6): p. 238895.

46.

Jeukendrup, A.E. and R. Jentjens, Oxidation of carbohydrate feedings
during prolonged exercise: current thoughts, guidelines and directions for
future research. Sports Med, 2000. 29(6): p. 407-24.

47.

Adopo, E., et al., Respective oxidation of exogenous glucose and fructose
given in the same drink during exercise. J Appl Physiol, 1994. 76(3): p.
1014-9.

48.

Winnick, J.J., et al., Carbohydrate feedings during team sport exercise
preserve physical and CNS function. Med Sci Sports Exerc, 2005. 37(2): p.
306-15.

49.

Patterson, S.D. and S.C. Gray, Carbohydrate-gel supplementation and
endurance performance during intermittent high-intensity shuttle running.
Int J Sport Nutr Exerc Metab, 2007. 17(5): p. 445-55.

50.

Ali, A., et al., The influence of carbohydrate-electrolyte ingestion on soccer
skill performance. Med Sci Sports Exerc, 2007. 39(11): p. 1969-76.

44

51.

Zeederberg, C., et al., The effect of carbohydrate ingestion on the motor
skill proficiency of soccer players. Int J Sport Nutr, 1996. 6(4): p. 348-55.

52.

Dougherty, K.A., et al., Two percent dehydration impairs and six percent
carbohydrate drink improves boys basketball skills. Med Sci Sports Exerc,
2006. 38(9): p. 1650-8.

53.

Wise, D.J.G.R.C., Immunology: a comprehensive review. 2002, Ames, IA:
Iowa State University Press.

54.

Hughes, D.A., L.G. Darlington, & A. Bendich, Diet and human immune
function. 2004, Totowa, NJ: Humana Press.

55.

Calder, P.C., C.J. Field, & H.S. Gill, Nutrition and immune function. 2002,
New York, NY: CABI Publishing.

56.

Petersen, A.M. and B.K. Pedersen, The role of IL-6 in mediating the antiinflammatory effects of exercise. J Physiol Pharmacol, 2006. 57 Suppl 10:
p. 43-51.

57.

Nieman, D.C., et al., Carbohydrate ingestion influences skeletal muscle
cytokine mRNA and plasma cytokine levels after a 3-h run. J Appl Physiol,
2003. 94(5): p. 1917-25.

58.

Nieman, D.C., et al., Influence of vitamin C supplementation on oxidative
and immune changes after an ultramarathon. J Appl Physiol, 2002. 92(5): p.
1970-7.

59.

Ostrowski, K., et al., Evidence that interleukin-6 is produced in human
skeletal muscle during prolonged running. J Physiol, 1998. 508 ( Pt 3): p.
949-53.

45

60.

Pedersen, B.K. and M.A. Febbraio, Muscle as an endocrine organ: focus on
muscle-derived interleukin-6. Physiol Rev, 2008. 88(4): p. 1379-406.

61.

Hughes, D.A., L.G. Darlington, & A. Bendich, Diet and human immune
function. 2004, Totowa, NJ: Humana Press.

62.

Bastard, J.P., et al., Elevated levels of interleukin 6 are reduced in serum
and subcutaneous adipose tissue of obese women after weight loss. J Clin
Endocrinol Metab, 2000. 85(9): p. 3338-42.

63.

Carey, A.L., et al., Interleukin-6 and tumor necrosis factor-alpha are not
increased in patients with Type 2 diabetes: evidence that plasma
interleukin-6 is related to fat mass and not insulin responsiveness.
Diabetologia, 2004. 47(6): p. 1029-37.

64.

Steensberg, A., et al., IL-6 enhances plasma IL-1ra, IL-10, and cortisol in
humans. Am J Physiol Endocrinol Metab, 2003. 285(2): p. E433-7.

65.

Wojtaszewski, J.F., et al., Insulin signalling: effects of prior exercise. Acta
Physiol Scand, 2003. 178(4): p. 321-8.

66.

Gokhale, R., S. Chandrashekara, and K.C. Vasanthakumar, Cytokine
response to strenuous exercise in athletes and non-athletes--an adaptive
response. Cytokine, 2007. 40(2): p. 123-7.

67.

Pedersen, B.K. and L. Hoffman-Goetz, Exercise and the immune system:
regulation, integration, and adaptation. Physiol Rev, 2000. 80(3): p. 1055-81.

68.

Bishop, N.C., et al., Influence of carbohydrate supplementation on plasma
cytokine and neutrophil degranulation responses to high intensity
intermittent exercise. Int J Sport Nutr Exerc Metab, 2002. 12(2): p. 145-56.

46

69.

Meyer, T., et al., Anaerobic exercise induces moderate acute phase
response. Med Sci Sports Exerc, 2001. 33(4): p. 549-55.

70.

Nieman, D.C., et al., Muscle damage is linked to cytokine changes following
a 160-km race. Brain Behav Immun, 2005. 19(5): p. 398-403.

71.

Aljada, A., et al., Increase in intranuclear nuclear factor kappaB and
decrease in inhibitor kappaB in mononuclear cells after a mixed meal:
evidence for a proinflammatory effect. Am J Clin Nutr, 2004. 79(4): p. 68290.

72.

Cuevas, M.J., et al., Changes in oxidative stress markers and NF-kappaB
activation induced by sprint exercise. Free Radic Res, 2005. 39(4): p. 431-9.

73.

Vider, J., et al., Physical exercise induces activation of NF-kappaB in
human peripheral blood lymphocytes. Antioxid Redox Signal, 2001. 3(6): p.
1131-7.

74.

Bishop, N.C., et al., The effects of carbohydrate supplementation on
immune responses to a soccer-specific exercise protocol. J Sports Sci,
1999. 17(10): p. 787-96.

75.

Nieman, D.C., et al., Muscle cytokine mRNA changes after 2.5 h of cycling:
influence of carbohydrate. Med Sci Sports Exerc, 2005. 37(8): p. 1283-90.

76.

Starkie, R.L., et al., Carbohydrate ingestion attenuates the increase in
plasma interleukin-6, but not skeletal muscle interleukin-6 mRNA, during
exercise in humans. J Physiol, 2001. 533(Pt 2): p. 585-91.

77.

Bender, D.A., Introduction to nutrition and metabolism. Third ed. 2002, New
York, NY: Taylor & Francis Inc.

47

78.

Jackson, M.J., et al., Antioxidants, reactive oxygen and nitrogen species,
gene induction and mitochondrial function. Mol Aspects Med, 2002. 23(1-3):
p. 209-85.

79.

Sachdev, S. and K.J. Davies, Production, detection, and adaptive
responses to free radicals in exercise. Free Radic Biol Med, 2008. 44(2): p.
215-23.

80.

Tahara, E.B., F.D. Navarete, and A.J. Kowaltowski, Tissue-, substrate-, and
site-specific characteristics of mitochondrial reactive oxygen species
generation. Free Radic Biol Med, 2009. 46(9): p. 1283-97.

81.

Finaud, J., G. Lac, and E. Filaire, Oxidative stress : relationship with
exercise and training. Sports Med, 2006. 36(4): p. 327-58.

82.

Kohlmeier, M., Nutrient metabolism. 2003, San Diego, CA: Academic Press.

83.

Gohil, K., et al., Blood glutathione oxidation during human exercise. J Appl
Physiol, 1988. 64(1): p. 115-9.

84.

Senturk, U.K., et al., Effect of antioxidant vitamin treatment on the time
course of hematological and hemorheological alterations after an
exhausting exercise episode in human subjects. J Appl Physiol, 2005.
98(4): p. 1272-9.

85.

Mastaloudis, A., et al., Antioxidant supplementation prevents exerciseinduced lipid peroxidation, but not inflammation, in ultramarathon runners.
Free Radic Biol Med, 2004. 36(10): p. 1329-41.

86.

Mastaloudis, A., et al., Endurance exercise results in DNA damage as
detected by the comet assay. Free Radic Biol Med, 2004. 36(8): p. 966-75.

48

87.

Ascensao, A., et al., Biochemical impact of a soccer match - analysis of
oxidative stress and muscle damage markers throughout recovery. Clin
Biochem, 2008. 41(10-11): p. 841-51.

88.

Vina, J., et al., Free radicals in exhaustive physical exercise: mechanism of
production, and protection by antioxidants. IUBMB Life, 2000. 50(4-5): p.
271-7.

89.

Reddy, K.V., et al., Pulmonary lipid peroxidation and antioxidant defenses
during exhaustive physical exercise: the role of vitamin E and selenium.
Nutrition, 1998. 14(5): p. 448-51.

90.

Lin, W.T., et al., Protective effects of L-arginine on pulmonary oxidative
stress and antioxidant defenses during exhaustive exercise in rats. Acta
Pharmacol Sin, 2005. 26(8): p. 992-9.

91.

Liu, C.C., et al., Lycopene supplementation attenuated xanthine oxidase
and myeloperoxidase activities in skeletal muscle tissues of rats after
exhaustive exercise. Br J Nutr, 2005. 94(4): p. 595-601.

92.

Pushpalatha, K., K. Nishanth, and K. Sathyavelu Reddy, Myocardial
antioxidant status and oxidative stress after combined action of exercise
training and ethanol in two different age groups of male albino rats. Acta
Biol Hung, 2007. 58(2): p. 173-85.

93.

Stathis, C.G., et al., Purine loss after repeated sprint bouts in humans. J
Appl Physiol, 1999. 87(6): p. 2037-42.

49

94.

Thompson, D., et al., Prolonged vitamin C supplementation and recovery
from demanding exercise. Int J Sport Nutr Exerc Metab, 2001. 11(4): p. 46681.

95.

Ispirlidis, I., et al., Time-course of changes in inflammatory and
performance responses following a soccer game. Clin J Sport Med, 2008.
18(5): p. 423-31.

96.

Tauler, P., et al., Supplementation with an antioxidant cocktail containing
coenzyme Q prevents plasma oxidative damage induced by soccer. Eur J
Appl Physiol, 2008. 104(5): p. 777-85.

97.

Boots, A.W., G.R. Haenen, and A. Bast, Health effects of quercetin: from
antioxidant to nutraceutical. Eur J Pharmacol, 2008. 585(2-3): p. 325-37.

98.

Ververidis, F., et al., Biotechnology of flavonoids and other
phenylpropanoid-derived natural products. Part I: Chemical diversity,
impacts on plant biology and human health. Biotechnol J, 2007. 2(10): p.
1214-34.

99.

Nieman, D.C., et al., Carbohydrate supplementation affects blood
granulocyte and monocyte trafficking but not function after 2.5 h or
running. Am J Clin Nutr, 1997. 66(1): p. 153-9.

100.

Nieman, D.C., et al., Carbohydrate affects natural killer cell redistribution
but not activity after running. Med Sci Sports Exerc, 1997. 29(10): p. 131824.

50

101.

Nieman, D.C., et al., Effects of mode and carbohydrate on the granulocyte
and monocyte response to intensive, prolonged exercise. J Appl Physiol,
1998. 84(4): p. 1252-9.

102.

Nieman, D.C., et al., Influence of mode and carbohydrate on the cytokine
response to heavy exertion. Med Sci Sports Exerc, 1998. 30(5): p. 671-8.

103.

Nehlsen-Cannarella, S.L., et al., Carbohydrate and the cytokine response to
2.5 h of running. J Appl Physiol, 1997. 82(5): p. 1662-7.

104.

Henson, D.A., et al., Influence of carbohydrate on cytokine and phagocytic
responses to 2 h of rowing. Med Sci Sports Exerc, 2000. 32(8): p. 1384-9.

105.

Henson, D.A., et al., Carbohydrate supplementation and the lymphocyte
proliferative response to long endurance running. Int J Sports Med, 1998.
19(8): p. 574-80.

106.

Keller, C., et al., Effect of exercise, training, and glycogen availability on IL6 receptor expression in human skeletal muscle. J Appl Physiol, 2005.
99(6): p. 2075-9.

107.

Gusba, J.E., et al., Interleukin-6 and its mRNA responses in exercise and
recovery: relationship to muscle glycogen. Scand J Med Sci Sports, 2008.
18(1): p. 77-85.

108.

Mastorakos, G. and M. Pavlatou, Exercise as a stress model and the
interplay between the hypothalamus-pituitary-adrenal and the
hypothalamus-pituitary-thyroid axes. Horm Metab Res, 2005. 37(9): p. 57784.

51

109.

Morillas-Ruiz, J., et al., The effects of an antioxidant-supplemented
beverage on exercise-induced oxidative stress: results from a placebocontrolled double-blind study in cyclists. Eur J Appl Physiol, 2005. 95(5-6):
p. 543-9.

110.

Margaritis, I., et al., Antioxidant supplementation and tapering exercise
improve exercise-induced antioxidant response. J Am Coll Nutr, 2003.
22(2): p. 147-56.

111.

Bloomer, R.J., et al., Effects of antioxidant therapy in women exposed to
eccentric exercise. Int J Sport Nutr Exerc Metab, 2004. 14(4): p. 377-88.

112.

Mastaloudis, A., et al., Antioxidants did not prevent muscle damage in
response to an ultramarathon run. Med Sci Sports Exerc, 2006. 38(1): p. 7280.

113.

Quindry, J.C., McAnulty, S. R., Hudson, M. B., Hosick, P., Dumke, C.,
McAnulty, L. S., Henson, D., Morrow, J. D., & Nieman, D., Oral quercetin
supplementation and blood oxidative capacity in response to
ultramarathon competition. Int J Sport Nutr Exerc Metab, 2008. 18(6): p.
601-616.

114.

Nieman, D.C., et al., Vitamin E and immunity after the Kona Triathlon World
Championship. Med Sci Sports Exerc, 2004. 36(8): p. 1328-35.

115.

Schroder, H., et al., Nutrition antioxidant status and oxidative stress in
professional basketball players: effects of a three compound antioxidative
supplement. Int J Sports Med, 2000. 21(2): p. 146-50.

52

116.

Melikoglu, M.A., et al., The effect of regular long term training on
antioxidant enzymatic activities. J Sports Med Phys Fitness, 2008. 48(3): p.
388-90.

117.

Brites, F.D., et al., Soccer players under regular training show oxidative
stress but an improved plasma antioxidant status. Clin Sci (Lond), 1999.
96(4): p. 381-5.

118.

Cazzola, R., et al., Biochemical assessments of oxidative stress,
erythrocyte membrane fluidity and antioxidant status in professional
soccer players and sedentary controls. Eur J Clin Invest, 2003. 33(10): p.
924-30.

119.

Metin, G., et al., Effect of regular training on plasma thiols,
malondialdehyde and carnitine concentrations in young soccer players.
Chin J Physiol, 2003. 46(1): p. 35-9.

120.

Nieman, D.C. Exercise Immunology: A 20-Year Perspective. in Southeast
American College of Sports Medicine Annual Meeting. 2006. Charlotte, NC.

121.

Crane, E., A book of honey. 1980, New York, NY: Charles Scribner's Sons.

122.

Ischayek, J.I. and M. Kern, US honeys varying in glucose and fructose
content elicit similar glycemic indexes. J Am Diet Assoc, 2006. 106(8): p.
1260-2.

123.

Coombes, J.S. and K.L. Hamilton, The effectiveness of commercially
available sports drinks. Sports Med, 2000. 29(3): p. 181-209.

124.

Bogdanov, S., et al., Honey for nutrition and health: a review. J Am Coll
Nutr, 2008. 27(6): p. 677-89.

53

125.

Gheldof, N., X.H. Wang, and N.J. Engeseth, Buckwheat honey increases
serum antioxidant capacity in humans. J Agric Food Chem, 2003. 51(5): p.
1500-5.

126.

Schramm, D.D., et al., Honey with high levels of antioxidants can provide
protection to healthy human subjects. J Agric Food Chem, 2003. 51(6): p.
1732-5.

127.

Gheldof, N. and N.J. Engeseth, Antioxidant capacity of honeys from various
floral sources based on the determination of oxygen radical absorbance
capacity and inhibition of in vitro lipoprotein oxidation in human serum
samples. J Agric Food Chem, 2002. 50(10): p. 3050-5.

128.

Gheldof, N., X.H. Wang, and N.J. Engeseth, Identification and quantification
of antioxidant components of honeys from various floral sources. J Agric
Food Chem, 2002. 50(21): p. 5870-7.

129.

Wolfe, K.L., et al., Cellular antioxidant activity of common fruits. J Agric
Food Chem, 2008. 56(18): p. 8418-26.

130.

Van Hoorn DE, N.R., Van Leeuwen PA, Hofman Z, M'Rabet L, De Bont DB,
Van Noren K, Accurate prediction of xanthine oxidase inhibition based on
the structure of flavonoids. Eur J Pharmacol, 2002. 451(2): p. 111-8.

131.

Erlund, I., et al., Bioavailability of quercetin from berries and the diet. Nutr
Cancer, 2006. 54(1): p. 13-7.

132.

Ross, J.A. and C.M. Kasum, Dietary flavonoids: bioavailability, metabolic
effects, and safety. Annu Rev Nutr, 2002. 22: p. 19-34.

54

133.

de Boer, V.C., et al., Tissue distribution of quercetin in rats and pigs. J Nutr,
2005. 135(7): p. 1718-25.

134.

Manach, C., et al., Bioavailability and bioefficacy of polyphenols in humans.
I. Review of 97 bioavailability studies. Am J Clin Nutr, 2005. 81(1 Suppl): p.
230S-242S.

135.

Mo, S.F., et al., Hypouricemic action of selected flavonoids in mice:
structure-activity relationships. Biol Pharm Bull, 2007. 30(8): p. 1551-6.

136.

Nieman, D.C., et al., Quercetin's influence on exercise-induced changes in
plasma cytokines and muscle and leukocyte cytokine mRNA. J Appl
Physiol, 2007. 103(5): p. 1728-35.

137.

Davis, J.M., et al., Quercetin increases brain and muscle mitochondrial
biogenesis and exercise tolerance. Am J Physiol Regul Integr Comp
Physiol, 2009.

138.

MacRae, H.S. and K.M. Mefferd, Dietary antioxidant supplementation
combined with quercetin improves cycling time trial performance. Int J
Sport Nutr Exerc Metab, 2006. 16(4): p. 405-19.

139.

McAnulty, S.R., et al., Chronic quercetin ingestion and exercise-induced
oxidative damage and inflammation. Appl Physiol Nutr Metab, 2008. 33(2):
p. 254-62.

140.

Nieman, D.C., et al., Quercetin ingestion does not alter cytokine changes in
athletes competing in the Western States Endurance Run. J Interferon
Cytokine Res, 2007. 27(12): p. 1003-11.

55

141.

Nieman, D.C., et al., Quercetin reduces illness but not immune
perturbations after intensive exercise. Med Sci Sports Exerc, 2007. 39(9): p.
1561-9.

56

Chapter III. Effect of acute ingestion of a honey-sweetened beverage on simulated
soccer performance and exercise-induced cytokine response
Authors:
Elizabeth L. Abbey and Janet Walberg Rankin
Institutional Affiliation:
Department of Human Nutrition, Foods and Exercise
Virginia Polytechnic Institute and State University
Blacksburg, VA 24061-0430
Running Head:
Carbohydrate, soccer performance and inflammation
Corresponding Author:
Janet Walberg Rankin, Ph.D.
Department of Human Nutrition, Foods, and Exercise
Virginia Tech
Blacksburg VA 24061-0430
Phone: 540-231-6355
FAX: 540-231-3916
jrankin@vt.edu

57

ABSTRACT
Purpose: This study compared the effect of a honey-sweetened beverage to a
commercial sports drink and a placebo on performance and inflammatory
response to a 90-min soccer simulation.

Methods:

Ten experienced male

soccer players randomly performed three trials (honey- H, sports drink- S, and
placebo- P), consuming the beverage before and during half-time for a total of
1.0 g⋅kg-1 carbohydrate for H and S. Performance measures included five sets
(T1-T5) of a high-intensity run (HIR), and agility and ball-shooting tests followed
by a final progressive shuttle-run (PSR) test to exhaustion. Blood samples were
drawn pre-test (B1), post-test (B2), and 1 h post-test (B3) for markers of
inflammation, oxygen radical absorbance capacity (ORAC), and hormone
response. Results: T2-T5 were significantly slower than T1 (p<0.05), and a
decrease in PSR time was observed from baseline (-22.9%) for all treatments.
No significant effect of the interventions was observed for any performance
measures. Plasma IL-1ra levels increased post-test for all treatments (65.5% S,
63.9% P, and 25.8% H), but H was significantly less than S at post-test and P at
B3. Other cytokines and ORAC increased at B2 (548% IL-6, 514% IL-10, 15%
ORAC) with no difference by treatment. Conclusion: Acute ingestion of honey
and a carbohydrate sports drink before and during a soccer-simulation test did
not improve performance, though honey attenuated a rise in IL-1ra. Ingestion of
carbohydrate and/or antioxidant-containing beverages at frequencies typical of a
regulation match may not be beneficial for trained soccer players.
Keywords: team sport, honey, cytokines, inflammation
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INTRODUCTION
A typical soccer game requires substantial fuel as it involves running over
10 km and can include 1400 changes in activity intensity (2005). A regulation
soccer game is 90 min in duration, and half-time is often the only opportunity for
players to consume fluids and/or nutrients during match play. There is some
evidence that carbohydrate is ergogenic for sports simulation tests with varying
exercise intensities, such as soccer (Ali, Williams, Nicholas, & Foskett, 2007;
Welsh, Davis, Burke, & Williams, 2002).

However, these studies used more

frequent feedings than are typically feasible in a soccer match.
Oxidative stress can be a consequence of prolonged or intense exercise
and may damage some molecules in the body (Peake & Suzuki, 2004). One of
the processes promoted by oxidative stress is inflammation, a reaction of the
body to various physiological and metabolic stressors. Intense exercise may
initiate an inappropriate inflammatory response leading to increased damage of
cell membranes, muscle and signaling proteins, and accelerated fatigue. High
intensity, intermittent exercise that mimics team sport has been shown to
increase metabolic stress as noted by dramatic increases in markers of oxidative
stress and inflammatory-responsive cytokines such as interleukin 6 (IL-6)
(Bishop, Gleeson, Nicholas, & Ali, 2002; Kingsley, Wadsworth, Kilduff, McEneny,
& Benton, 2005; D. Nieman et al., 2007). There is some evidence that various
nutritional interventions, such as antioxidant and/or carbohydrate supplements,
may reduce this response (Bishop et al., 2002; Morillas-Ruiz, Villegas Garcia,
Lopez, Vidal-Guevara, & Zafrilla, 2006). Morillas-Ruiz et al. (2006) found that
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protein carbonyl production decreased (-23%) following a 90-min cycling test
when subjects had consumed a drink with polyphenolic antioxidants compared to
an increase (+12%) with the placebo. Some researchers have demonstrated that
carbohydrate supplementation can reduce the inflammatory response to
prolonged exercise (Bishop et al., 2002; Earnest et al., 2004; D. C. Nieman et al.,
2005). In one study, acute carbohydrate supplementation attenuated the rise in
IL-6 following a 90-min intermittent exercise test (Bishop et al., 2002). Team
sports present a unique challenge in the timing and feasibility of nutritional
supplementation during competition. Compared to endurance exercise, less is
known about the potential effect of carbohydrate on oxidative stress and
inflammatory responses with prolonged intermittent activities.
Honey is a carbohydrate source that contains flavonoid compounds that
act as antioxidants and may have ergogenic properties (Earnest et al., 2004).
Earnest et al. (2004) fed subjects honey, dextrose or a placebo before and during
a 64-km cycling time trial. Though there was no significant difference between
the individual trials, there was a trend for increased wattage over the last 16 km
with honey. Clover honey is commonly available in US markets, and generally
has a fructose-to-glucose ratio close to 1.0 (Ischayek & Kern, 2006), making it
similar in composition to most commercial sports drinks (Coombes & Hamilton,
2000). Honey has also been reported to increase antioxidant status (Gheldof,
Wang, & Engeseth, 2003), and may therefore be an attractive option for athletes
seeking a natural alternative to other commercially produced sports beverages.
The primary purpose of this study was to compare the effect of
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consumption of a honey-sweetened beverage to a commercially available sports
drink and a placebo on a performance test designed to simulate the demands of
soccer.

Secondarily, the study was designed to determine the effect of the

soccer simulation on antioxidant status and inflammation and whether honey or
sports drink consumption influenced these responses.
METHODS
Subjects
Twelve healthy, male soccer players (10 NCAA Division I, 1 postcollegiate, and 1 club player) with 11 – 25 years playing experience participated
in this study during the three months prior to their fall season.
characteristics of the participants are shown in Table 3.1.

Physical

Exclusion criteria

included a history of inflammatory conditions, recent/chronic musculoskeletal
injuries, and illness. Current smokers, individuals taking antioxidant supplements
and soccer goalkeepers were also excluded. Subjects were asked to maintain
their weight and refrain from dietary supplements for the duration of the study.
Two subjects had to drop out for health reasons and scheduling conflicts, so 10
subjects completed the study. All subjects provided written informed consent
prior to participation; the Institutional Review Board of Virginia Tech approved
test procedures.
Experimental Procedures
Baseline Measurements:
Baseline measurements included body mass, height, and estimation of
maximal oxygen consumption (VO2max) via a progressive shuttle run (PSR) test
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(see Table 1). The PSR test was designed for soccer and involves repeated 20
m shuttle runs at increasing intensity until fatigue (Ramsbottom, Brewer, &
Williams, 1988). Ramsbottom et al. (1988) reported that VO2max could be
estimated from the final stage attained on a PSR using a regression equation.
We used the baseline PSR for each subject to calculate running speeds as
percentages of VO2max (e.g. 55% for jogging and 120% for running) for the
subsequent performance test.

The test, similar to that described by others

(Kingsley et al., 2005), was used with the addition of some soccer-specific
elements (Chamari et al., 2005; Cox, Mujika, Tumilty, & Burke, 2002).

All

subjects underwent an abbreviated mock-up of the protocol described below to
acquaint them with the expectations of the test.
Performance Test:
One week following the completion of baseline testing, the subjects
performed the first of three performance trials with the order of three nutritional
manipulations (honey, H; sports drink, S; and placebo, P) randomly assigned and
each test separated by at least one week. On the day of the first trial, the
subjects arrived at the laboratory at 0630 h after an overnight fast, having eaten
their last meal no later than 2200 h the evening before and drinking only water
between that time and testing.

Upon arrival, subjects were queried on their

physical activity and diet from the previous two days, as well as their general
health and symptoms of infection.

Initial blood samples were collected (B1)

followed by ingestion of the assigned treatment (details provided below). The
subjects then rested for 30 min, walked to the testing location and began a 10
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min warm-up of jogging and stretching prior to the test protocol.
The performance test consisted of five identical blocks of approximately
15 min in duration with a 10 min “half-time”. The protocol (Figure 3.1) was based
off of that described by Kingsley et al. (2005) with a few modifications. First of
all, in place of repeated shuttle running over a 20 m distance, our test used an
indoor facility with a 55 m artificial turf surface. Secondly, as determined by our
pilot studies to induce fatigue, intensity of the run portion of our test was 120% of
estimated VO2max instead of the 85% used by Kingsley et al. (2005). Finally, the
individual paces (audio signal beeps) were fed to each subject via a personal
MP3 player instead of using cues from a publicly broadcast system. Cones were
set up on the field at 9 m intervals, and a voice-recording instructed the subject to
jog to the 55 m mark and back, passing each cone with every audio signal. With
this variation of protocol, each subject’s pace was specific to his estimated
VO2max, and multiple subjects could be tested simultaneously. Between each
block, subjects successively performed a high intensity timed run (HIR), an agility
drill, and a precision ball-shooting drill (see full description below) (Chamari et al.,
2005; Cox et al., 2002). There was a 10 min “half-time” break between blocks 3
and 4, during which subjects drank an equal volume of the treatment beverage
as before. A PSR to fatigue concluded the test and constituted a performance
measure. Blood samples were taken immediately following the conclusion of the
PSR (B2) and 1 h post-test (B3). Subjects were instructed to rest and were
allowed to consume only water ad libitum between B2 and B3. Subjects were
queried for their rating of perceived exertion (RPE) following the ball-shooting drill
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of each performance block and after the final PSR.
High Intensity Run: Each subject sprinted from the baseline to the 55 m mark
and back two times for a total of 220 m, which is representative of the total
amount of sprinting that typically occurs in a soccer match (Bangsbo,
Norregaard, & Thorso, 1991). Times (T1-T5) were recorded using a handheld stopwatch (Fisher Scientific Traceable®, Pittsburgh, PA).
Agility Drill: The agility drill consisted of forward and backward dribbling, forward
sprinting, and “karaoke” running (a sideways skip where the trail leg
alternates crossing over and behind the lead leg) over a 45.7x27.5 m
course similar to that used by Chamari et al. (2005). Times were recorded
using a hand-held stopwatch.
Ball-Shooting Drill: We used a modification of the drill used by Cox et al. (2002),
whereby each subject kicked a rolling ball eight times attempting to hit a
1.8x1.2 m goal. Balls were rolled at 6 sec intervals from a 1.2 m high
ramp positioned 13.7 m from the goal. Subjects started 7.6 m behind the
ramp, kicked the ball, and ran back to their starting position before kicking
the next ball. Assessment was based on the number of balls crossing the
front goal line.
Diet interventions
In order to reduce the potential confounding effect of differing background
diet antioxidant intake, subjects were instructed to limit their intake of fruits,
vegetables and juices for 48 h prior to trial 1. Subjects kept a record of their food
intake and repeated a similar diet prior to trials 2 and 3. The three treatments (H,
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S, and P), were provided in beverage form. S was a commercially available
sports drink (Gatorade®, Barrington IL). For the H treatment, honey was mixed
into the placebo (lemonade flavored drink sweetened with Nutra-Sweet®) and
110 mg sodium was added per 240 ml of fluid to be comparable to S in this
electrolyte.

Both H & S were 6% carbohydrate and were fed in volumes to

provide 0.5 g⋅kg-1 carbohydrate at each of the two consumption times for a total
of 1.0 g⋅kg-1 over the trial.

This translated to provision of 8.8 ml⋅kg-1 of the

treatment beverage 30 min prior to the start of the exercise test and at the 10 min
“half-time” for all treatments. To ensure that the composition of H was as uniform
as possible, clover honey from one source was used. The subjects were not
informed about the formulation of the beverages to remove any bias in
performance. In an exit survey administered after completion of all performance
tests, the percent of subjects who correctly identified the H, S and P treatments
were 50%, 20%, and 20% respectively. Dietary analysis of reported consumption
48 h prior to testing was conducted using Nutritionist Pro software (Axxya
Systems, Stafford, TX).
Blood Measures
All blood samples (~25 ml each) were drawn via venipuncture by a
certified medical laboratory technician prior to beverage ingestion (B1),
immediately after the PSR test to exhaustion (B2), and 1 h after the test (B3).
Venous blood was drawn at each timepoint using tubes containing no
anticoagulant or the anticoagulants ethylenediamine tetraacetic acid or heparin
(for ORAC analysis). Small aliquots were collected prior to centrifugation for
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determination of whole blood hemoglobin concentration and hematocrit, and the
remaining blood was centrifuged at 1500 g for 10 min. Plasma samples for
protein-free ORAC (ORACpca) were prepared immediately according to Prior and
Cao (1999). Blood collected in a serum separation tube, stood for 15 min and
was centrifuged at 2500 g for 15 min. All serum and plasma samples were then
stored at -80ºC until analysis.
Plasma was used to measure total (ORACtotal) and ORACpca plasma
antioxidant capacity according to the method described by Huang et al. (2002).
Plasma IL-6, IL-10, and serum IL-1ra were measured in duplicate using high
sensitivity ELISA procedures (R & D Systems, Minneapolis, MN).

Intra- and

inter-assay coefficients of variation for the three cytokines were less than 11.9%
and 6.4% (IL-6), 14.4% and 10.3% (IL-10), and 4.4% and 3.4% (IL-1ra)
respectively. The minimum detectable doses for the cytokine kits were: 0.016
pg⋅mL-1 (IL-6), 0.5 pg⋅mL-1 (IL-10), and 2.15 pg⋅mL-1 (IL-1ra).
Serum glucose was measured by enzymatic colorimetric assay (Stanbio,
Boerne, TX), and plasma insulin and cortisol were measured by ELISA
(Diagnostic Systems Laboratories, Inc., Webster, TX). Intra- and inter-assay
coefficients of variation for insulin were less than 10.5% and 7.2%, and less than
5.1% and 3.9% for cortisol. The minimum detectable doses for the insulin and
cortisol kits were 0.26 µIU⋅ml-1 and 0.1 µg⋅dl-1. Whole blood hemoglobin was
measured

spectrophotometrically

(Stanbio,

Boerne,

TX),

hematocrit

by

centrifugation of capillary tubes, and changes in plasma volume were calculated
using the method described by Dill and Costill (1974).
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Statistics
Statistical analysis was carried out using SPSS software for Windows
(version 14.0; SPSS Inc., Chicago, IL). Group data were expressed as mean ±
SEM and a p value of <0.05 was considered significant. Baseline characteristics
of subjects were analyzed using descriptive statistics. Effect of treatments on
PSR times were assessed using one-way analysis of variance (ANOVA)
comparing the three PSR tests that followed each soccer simulation.

PSR

performance was also analyzed using paired t-tests comparing each treatment’s
post-soccer simulation PSR to the baseline PSR. Other performance measures
(HIRs, agility tests, shooting tests) and blood measurements were compared
using two-way, repeated measures ANOVA with timepoints (T1:T5 for
performance and B1:B3 for blood). Tukey’s was used as the post-hoc test when
significant F-ratios were found for main or interaction effects.

In order to

investigate whether baseline values affected the response of variables, ANCOVA
was used with baseline values as covariants. Similar results were obtained for
both repeated measures ANOVA and ANCOVA analysis, so all results are
reported as ANOVA.

All cytokine data was normalized to the pre-test

measurements prior to analysis. Mauchly’s test was used to determine sphericity
for ANOVA; if violated, the Greenhouse-Geisser correction was applied. Outliers
that were greater than two standard deviations from the mean were removed
from analysis and replaced with the mean.
RESULTS
Diet and Performance Measures
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Dietary analysis revealed no difference in total daily energy consumption
or percent macronutrient intake between H (7.91±0.89 MJ; 46.0±0.8% CHO,
34.5±2.5% fat, 18.4±1.7% protein), S (8.88±0.66 MJ; 44.5±3.2% CHO,
32.7±3.7% fat, 20.0±0.9% protein), and P (9.06±0.45 MJ; 46.3±3.1% CHO,
32.4±2.3% fat, 19.3±0.8% protein) for the 48 h prior to each performance test.
Subjects remained weight stable for the course of the study. Figure 3.2 shows
results for performance measures. For the HIR there was an overall time effect
in that T2-T5 (48.5±1.6, 49.0±1.7, 48.7±1.4, 49.5±1.5 sec) were significantly
slower compared to T1 (42.6±1.1 sec), but no main effect for treatment or
interaction between time and treatment were observed.

In the agility and

precision ball-shooting drills there were no effects of time, treatment or
interactions respectively. A decrease in time to exhaustion for the PSR was
observed from baseline for all treatments (-22.9±5.8%) with no main effect for
treatment. There was a progressive increase in RPE with significantly higher
values after T2-T5 compared to T1 and a 27.5% increase following the PSR;
there was no treatment effect.
Glucose, insulin, cortisol, & plasma volume
Time effects but not main treatment effects nor interactions were observed
for all blood measures except cortisol. Plasma volume significantly decreased by
1 h-post for all treatments (-11.0±1.4% H, -5.4±1.7% S, -7.7±1.7% P), indicating
some hemoconcentration occurred during the performance test. Blood glucose
(see Table 3.2) increased 15.6% post-test from pre-test values for all trials and
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then dropped below pre-test values 1 h-post. Insulin was significantly lower than
post-test values at 1 h-post.
Inflammation & ORAC
Plasma IL-1ra levels increased significantly post-test for S (65.5%), P
(63.9%), and H (25.8%). However, the increase in H was significantly less than
S post-test and P at 1 h-post (see Table 3.3). For all treatments, the cytokines
IL-6 and IL-10 increased post-test compared to pre-test values by 548% and
514% respectively. No main effect for treatment or interaction between treatment
and time were observed. There was a time effect but no differences in ORACtotal
and ORACpca by group or interaction of groups over time (see Table 3.3). Both
ORACtotal and ORACpca increased 15% post-test and fell to pre-test values during
1 h recovery. Excluded outliers included one subject for all cytokines in the H
trial because of excessive reported exercise prior to testing and an IL-1ra value
for another subject at a timepoint in the P trial that was abnormally elevated to an
extent that suggests a technical error.
DISCUSSION
The objectives of the study were to compare the effect of two
carbohydrate-containing beverages to flavored water ingestion on a performance
test designed to simulate the demands of soccer, and to determine the effect of
the soccer-simulation and the interventions on inflammation.

As expected,

fatigue and blood cytokine levels increased in response to the simulation test.
The treatments differentially affected only one marker of inflammation in that the
honey-containing beverage blunted the rise in IL-1ra following the exercise test.
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Soccer-Simulation Test and Fatigue
Our soccer protocol, developed to simulate the activity profile of
competitive soccer matches (Bangsbo et al., 1991), caused a 16% decline in
high-intensity running speed over the 90 minutes of the test and a 23% reduction
in performance on the PSR to exhaustion at the end of the protocol. We included
a longer HIR test instead of timed sprints to account for the significant amount of
high-intensity running during a soccer game and because it has been shown to
be sensitive to fatigue (Mohr, Krustrup, & Bangsbo, 2003). It is not surprising
that the declines in our test were greater than those observed by others who
used shorter sprints to assess performance during a soccer game (Krustrup et
al., 2006).
We did not observe a decline in skill over time, as measured by agility time
or percent of goal shots made. Similarly, other research groups have failed to
detect an effect of a soccer simulation on agility and shooting accuracy measures
(Abt, Zhou, & Weatherby, 1998; Cox et al., 2002; Zeederberg et al., 1996).
Recently developed tests of ball passing and shooting skills (Ali et al., 2007;
Rampinini et al., 2008) were more influenced by fatigue in that performance
deteriorated over a simulated match. However, this may be largely the result of
glycogen-depleting exercise performed the night before the test (Ali et al., 2007).
Carbohydrate and Soccer Performance
Some studies (Ali et al., 2007; Welsh et al., 2002; Winnick et al., 2005) but
not others (Clarke, Drust, MacLaren, & Reilly, 2005; Morris, Nevill, Thompson,
Collie, & Williams, 2003; Zeederberg et al., 1996) support the value of
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carbohydrate ingestion to improve performance during prolonged exercise bouts
that simulate team sport. For example, Ali et al. (2007) reported an improvement
in the shooting drill test but not the passing drill when a carbohydrate-electrolyte
solution was ingested every 15 min during an intermittent shuttle running test.
Our finding that carbohydrate did not affect performance suggests that either
carbohydrate was not limiting for this task or the consumption regimen was not
ideal.

Interestingly, the total amount of carbohydrate provided by the two

carbohydrate treatments in our study (1.0 g⋅kg-1) is similar to those used in
studies where carbohydrate improved performance in a team sport simulation (Ali
et al., 2007; Nicholas, Williams, Lakomy, Phillips, & Nowitz, 1995), but we
provided the beverage less frequently to mimic actual access during soccer play.
Other studies utilizing an intermittent shuttle run test to simulate soccer provided
beverages approximately every 15 min, whereas subjects in our study had over
45 min between beverages. In support of the importance of beverage timing,
Zeederberg et al. (1996) similarly did not observe improved soccer skill relative to
placebo when the beverages were ingested 15 min prior to a soccer match and
at half-time. It is possible that increasing the frequency of ingestion of beverages
in our study may have had a greater influence on these performance measures
and plasma glucose levels, but its applicability to real soccer play is less valid as
few players have access to beverages as frequently as every 15 min.
A recent study of soccer play observed a reduction in muscle glycogen of
42% over a game when players ingested only water (Krustrup et al., 2006). This
reduction in muscle carbohydrate storage was not reflected by a drop in blood
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glucose. In fact, similar to our observation, there was a modest increase in blood
glucose at the end of the game. This suggests that body carbohydrate did not
become limiting, however, it may be that the hyperglycemia that occurs when
carbohydrate is ingested frequently is critical to observe an ergogenic effect (Ali
et al., 2007).
Carbohydrate, Inflammation and Antioxidant Status
H delayed the rise in IL-1ra post-test compared to the other two
treatments. IL-1ra is an anti-inflammatory cytokine that is produced in response
to increased release of IL-6 predominantly from working muscle during exercise
(Gleeson, 2007).

Since there were similar changes in IL-6 concentrations

between treatments, this does not explain reduced IL-1ra concentration in the
honey-fed trial. If the cytokine response in our study was influenced by reactive
oxygen species (ROS), it is possible that the exogenous antioxidants or other
phenolic compounds in H delayed the anti-inflammatory response of IL-1ra. The
potential for honey to provide antioxidants was demonstrated by Gheldof et al.
(2003) who reported increased ORAC in healthy males following acute
consumption of buckwheat honey 2 h following ingestion. Conversely, we did not
observe an increase in ORAC in subjects who consumed the honey-sweetened
beverage concurrent with exercise. Slowed absorption time with exercise may
partially explain the similar ORAC values between treatments. Clover honey was
used in our study because it is more accessible to consumers, but it likely had
lower total phenolic content than buckwheat honey.

However, the ORAC

measurement does not provide information on intracellular antioxidant content,
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and it is therefore possible that honey provided some compounds that interrupted
intracellular production or release of IL-1ra. The similar increase in ORAC for all
treatments following the exercise was likely secondary to an increase in uric acid,
which has been reported following a competitive soccer match (Ascensao et al.,
2008).

ORAC represents the collective antioxidant capacity from numerous

compounds in the blood, and it is likely that the exercise response overshadowed
the effect of the honey ingestion for this measurement.
Contrary to our findings, other research groups have reported that blood
IL-6 concentration was attenuated with carbohydrate supplementation in studies
of prolonged, continuous exercise (Bishop et al., 2002; D. C. Nieman et al.,
2005). This was hypothesized to be caused by reductions in blood glucose that
stimulate the sympathetic nervous system to release catecholamines, which may
then promote IL-6 release. Blunting of IL-6 by carbohydrate ingestion during
intermittent shuttle running similar to our protocol was achieved with more
frequent carbohydrate ingestion that ultimately increased blood glucose
compared to the control (Bishop et al., 2002). As we did not observe a reduction
in blood glucose, the inflammatory response was most likely stimulated by other
mechanisms such as reduced muscle glycogen stores (Keller et al., 2005),
elevated cytosolic calcium levels during muscle contraction (Febbraio &
Pedersen, 2002), and/or production of ROS during exercise.
Limitations
One of the limitations of this study was that although a comparison of our results
and those of others suggest that carbohydrate consumption frequency may be a
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deciding factor for performance enhancement, we did not test this directly within
our study. It is also possible that a higher total amount of carbohydrate fed in the
two boluses could have been ergogenic. However, this would have required
feeding

a

higher

proportional

carbohydrate

solution

than

is

typically

recommended; our subjects ingested high volumes during the two feeding
periods (~700 mL for an 80 kg individual) that appeared to be near their limit for
comfortable ingestion in the time provided.

Finally, we chose to use highly

trained, competitive athletes to increase reliability in their performance but this
meant we did not have as tight of control over the subjects’ training and eating
schedules as would be desired.
Conclusion
This study demonstrates a novel, alternative technique for controlling pace in
team sport simulations. The soccer-simulation test we developed caused fatigue
and acute increases in inflammation-responsive factors, though honey slightly
muted the anti-inflammatory response to exercise.

Acute ingestion of

carbohydrate prior to and during the half-time of a soccer-simulation test was not
ergogenic.

It is possible that increasing the frequency of carbohydrate

consumption would have improved performance, however, this is not practical for
most players in a real game situation. Until additional research on the dosage
and timing of honey consumption is conducted, our results indicate that honey,
and carbohydrate in general, may not be beneficial for performance at this
ingestion frequency for trained soccer players. The potential implications of
blunting the anti-inflammatory response to exercise with honey could be further
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pursued.
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Table 3.1 Characteristics of study participants (N=10)
Characteristic

Mean Value ± SEM

Range

Age (yr)

22.5 (3.3)

18-30

Mass (kg)

74.0 (6.3)

66.7-84.4

Height (m)

177.0 (5.4)

170.0-185.5

Body-mass index (kg/m2)

23.6 (1.3)

21.3-26.0

Estimated VO2max (ml·kg-1·min-1)

50.1 (4.4)

43.3-57.1
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Table 3.2 Mean concentrations (±SEM) for glucose, insulin, and cortisol
Treatment

Pre-test

Post-test

1 h post-test

Honey

4.8 (0.1)

5.7 (0.5)*

4.3 (0.2)*,†

Sports Drink

4.8 (0.1)

5.7 (0.4)*

4.3 (0.2)*,†

Placebo

4.8 (0.1)

5.3 (0.2)*

4.3 (0.1)*,†

Honey

9.5 (1.0)

9.5 (2.6)

7.4 (1.0)*

Sports Drink

8.8 (1.0)

12.9 (2.7)

7.3 (1.1)*

Placebo

9.3 (0.8)

8.4 (0.8)

7.4 (0.9)*

Honey

46.5 (3.4)

47.2 (6.6)

44.7 (7.2)

Sports Drink

43.6 (3.2)

51.1 (5.2)

41.3 (3.5)

Placebo

40.5 (3.3)

60.0 (4.6)

43.2 (4.1)

Glucose (mmol⋅l-1)

Insulin (µIU⋅ml-1)

Cortisol (µg⋅dl-1)

*

Significantly different from pre-test (p < 0.05)
Significantly different from post-test (p < 0.05)

†

Table 3.3 Cytokine concentrations normalized to pre-test values (±SEM) and mean
concentrations (±SEM) for ORAC
Treatment

Pre-test

Post-test

1 h post-test

Honey

1.00

6.90 (1.52)*

3.16 (0.64)*,†

Sports Drink

1.00

5.92 (1.06)*

3.67 (0.61)*,†

Placebo

1.00

6.63 (1.70)*

4.09 (1.23)*,†

IL-6#
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IL-1ra#
Honey

1.00

1.26 (0.07)*

1.40 (0.12)*

Sports Drink

1.00

1.66 (0.16)*,‡

1.67 (0.17)*

Placebo

1.00

1.64 (0.20)*

1.96 (0.24)*,‡

Honey

1.00

5.19 (1.73)*

3.98 (1.19)*

Sports Drink

1.00

6.19 (1.67)*

3.64 (0.75)*

Placebo

1.00

7.04 (2.11)*

6.49 (2.22)*

Honey

9,518 (286)

11,016 (432)*

9,984 (417) †

Sports Drink

9,847 (237)

11,158 (296)*

9,853 (456) †

Placebo

9,984 (251)

11,674 (437)*

10,535 (375) †

Honey

913 (41)

1,028 (61)*

937 (55) †

Sports Drink

924 (40)

1069 (55)*

944 (43) †

Placebo

938 (37)

1096 (49)*

978 (45) †

IL-10#

ORACtotal (µmol TE⋅g-1)

ORACPCA (µmol TE⋅g-1)

*

Significantly different from pre-test (p < 0.05)
Significantly different from post-test (p < 0.05)
‡
Significantly different from H (p < 0.05)
#
Absolute pre-test concentrations (pg⋅ml-1) for H, S and P for IL-6 (0.79, 0.82, & 1.15),
†

IL-1ra (193.7, 143.5, & 152.3), and IL-10 (1.15, 1.01, & 1.13)
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Figure Captions

Figure 3.1 Schematic representation of soccer simulation and measurement schedule.

Figure 3.2 Effect of honey (H, ♦), sports drink (S, ), and placebo (P, ) on (a) sprint
times, (b) time to complete agility drill, and (c) percent goals made. Values are means
±SEM. Significant difference between T1 and all other timepoints: *p < 0.05.

85

Figure 3.1
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ABSTRACT
Repeated sprinting has been shown to induce an acute inflammatory response and
increase production of reactive oxygen species (ROS) at least partly via activation of the
enzyme, xanthine oxidase (XO). In vitro, XO is inhibited by quercetin (Q), a flavonol
commonly found in apples, onions and other plant-based foods. PURPOSE:

The

purpose of the study was to determine the value of quercetin consumption on oxidative
stress and inflammation induced by repeated sprint exercise. METHODS: The study
was a double-blind, placebo-controlled, cross-over design. Fifteen recreationally active,
young adult males with team sport experience completed two repeated sprint tests
(RST) each following one week supplementation of either the placebo (P)- a 6%
carbohydrate commercial sports drink, or P with 500 mg of quercetin-3-glucoside (Q),
consumed twice a day (1000 mg/d). The RST consisted of 12x30 m sprints (S1-S12)
performed every 35 sec. Sprint times were measured with a dual-beam timing gate
system. Performance measures were mean sprint times for the 12 sprints and percent
fatigue decrement (%FD). Blood samples were collected before supplementation (B0),
at baseline the morning of each test (B1), immediately post-test (B2), and 1h-post (B3).
Blood was analyzed for plasma XO and serum IL-6 and uric acid. RESULTS: Mean
sprint times increased progressively and were significantly higher by S9 for both
treatments (5.9%), however, there were no significant differences between treatments
or interactions for the performance measure. %FD for P (3.8±2.3%) was significantly
less than Q (5.1±2.7%). Changes in XO, IL-6 and uric acid from pre-test to post-test
were +47%, +77%, and +25% with no difference by treatment. CONCLUSION:
Performance time for repeated sprints was not affected by quercetin while %fatigue
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decrement was greater following quercetin supplementation compared to a placebo.
Quercetin did not attenuate xanthine oxidase activity or the inflammatory response to
exercise.
Keywords: quercetin, repeated sprinting, inflammation, oxidative stress

INTRODUCTION
Team sports, such as soccer, require aerobic endurance and also the ability to
maintain brief but high intensity running speed.

We previously observed significant

declines in performance during a 90 min soccer-simulation test. High intensity running
times slowed (+16%), and subjects reached volitional exhaustion more quickly on a
repeated sprint test at the end of the protocol compared to a baseline test (manuscript
under review). This supports work done by others who observed a decline in sprint and
aerobic performance over a soccer game [1].

Fatigue over a game has been

theoretically attributed to a variety of factors, such as low muscle glycogen levels,
muscle lactate accumulation, and decreased pH levels, however, none of these fully
explain the fatigue response [1]. Alternative contributors to fatigue with team sport
might be related to metabolic disturbances such as oxidative stress (OS) [2].
OS arises due to an imbalance between production of reactive oxygen species
(ROS) and their removal by antioxidants. This is of potential concern because ROS
may damage compounds including cell membranes, signaling proteins, and DNA [3].
This cellular damage may elicit an inflammatory response and activate the release of
cytokines (e.g. IL-6) that can affect immunity and protein synthesis.

Single and

repeated sprints have been shown to increase OS and activation of inflammatory
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factors [4, 5]. Chronically higher OS may be tied to muscle damage [6], strength loss
with age [7], and impairments in immunity post-exercise [8] which may contribute to
exercise fatigue. Collectively, there is evidence to theorize that minimization of OS in
athletes through antioxidant supplementation may reduce inflammation, which could
affect fatigue and/or muscle integrity [9, 10].
Repeated sprinting exercise has been found to increase markers of OS [4, 11]. One
source of ROS includes activation of the enzyme xanthine oxidase (XO), which can
indirectly be detected through increases in blood uric acid. With sprinting, the large
reliance on the PCr-ATP system for energy leads to increased inosine monophosphate
(IMP) production, which can then be degraded into hypoxanthine (HX) [6]. XO converts
HX into xanthine, uric acid, and superoxide and hydrogen peroxide by-products.
Experimental evidence has suggested that the activity of this enzyme rises with
sprinting [12]. Furthermore, allopurinol is a drug that acts as an XO inhibitor and has
been shown to dampen increases in uric acid, OS and muscle damage in exercising
rodents [6, 13] and in some studies in humans [14, 15]. The few human studies that
have been published on the effect of XO inhibition during exercise were conducted in
endurance athletes.

Gomez-Cabrera et al. [14, 15] observed increases in muscle

damage, XO activity, and OS in endurance athletes who received a placebo—effects
that were not observed among participants who supplemented with allopurinol.
Together, these studies suggest that strenuous exercise increases XO activity and OS,
which may cause muscle damage after exercise.
Dietary factors such as phytochemicals found in plants may inhibit XO and thus
potentially influence OS and the inflammatory response to repeated sprints. There is in
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vitro evidence that quercetin, a flavonol found in apples, onions and other plant foods, is
a XO inhibitor [16]. Quercetin has also been shown to inhibit XO activity in vivo in
animal studies [17]. However the only human studies we are aware of using an oral
quercetin supplement did not influence OS markers or inflammation following a
prolonged aerobic exercise bout [18-20]. Davis et al. [21] reported an ergogenic effect
of quercetin feeding on endurance performance in rodents, though OS was not
measured. As XO activity is likely higher for sprint than aerobic exercise, quercetin may
influence OS during this type of exercise, and could therefore have implications for
performance.
The objective of the study was to determine the value of quercetin consumption
on performance of repeated sprints and its potential value to inhibit oxidative stress,
particularly xanthine oxidase activity, and inflammation induced by this exercise.

METHODS
Subjects
Fifteen healthy, male, team-sport trained athletes (e.g. soccer and
basketball), ages 18 – 30 years old were recruited (see Table 4.1 for subject
characteristics).
(e.g.

Exclusion criteria included history of inflammatory conditions

inflammatory

bowel disease,

arthritis,

etc.),

liver

dysfunction,

or

recent/chronic musculoskeletal injuries or illness. Current smokers and those
taking antioxidant supplements were also excluded.

Subjects were asked to

maintain their weight and refrain from dietary supplements for the duration of the
study. All subjects provided written informed consent prior to participation; the
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Institutional Review Board of Virginia Tech approved test procedures.

Experimental Procedures
Baseline Measurements
Following an overnight fast, subjects arrived at the testing facility for baseline
measurements (body mass and height) and an initial blood draw (B0).

They then

underwent a familiarization trial of the RST (described below) to acquaint them with the
expectations of the test and to diminish any learning effect.

Under double-blind

procedures, subjects were randomly assigned to receive either a placebo (P) or
quercetin (Q) supplement for the first, seven-day intervention period.
Repeated Sprint Test
After one week of supplementation, the subjects arrived at the laboratory at 0615
h, having eaten their last meal no later than 2200 h the previous evening and drinking
only water from that time until testing. They had been instructed not to participate in
any exercise for the last 24 h. Upon arrival, subjects were queried on their physical
activity and diet from the previous two days, as well as their general health and
symptoms of infection.
Initial blood samples were collected (B1) followed by a final ingestion of the
assigned treatment (details provided below).

The subjects then rested for 15 min,

walked to the testing location and began a 15 min standardized warm-up of jogging,
static and dynamic stretching, and practice sprints. Based off of similar studies [22],
subjects performed 12x30 m sprints (S1-S12) every 35 sec.

They were verbally

encouraged to give a maximum effort for each sprint and were not given any feedback
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as to their times to avoid pacing. Dual beam electronic timing gates (SpeedLight; Swift
Sports, Australia) recorded completion times.

For the recovery period, subjects

decelerated, walked back to the start and waited until the next sprint. Alternate sprints
were run in the opposite direction. Approximately 2-3 min following S12, a second
blood sample (B2) was taken, and subjects were queried as to their rating of perceived
exertion (RPE). A final sample was drawn one hour post-test (B3). This intervention
period was followed by a one-week washout period without supplementation, after
which subjects crossed over for the alternate intervention.

Blood Measures
All blood samples were drawn via venipuncture by a certified medical laboratory
technician at the timepoints mentioned above.

Samples were collected in heparin

coated tubes and a serum separator tube, which was allowed to stand for 30 min.
Plasma and serum were removed following centrifugation at 3000 g for 10 min at 4°C.
Aliquots were stored at -80ºC until analysis. Plasma was analyzed for XO activity using
an Amplex Red Xanthine/Xanthine Oxidase Assay Kit (Molecular Probes, Eugene, OR).
Serum IL-6 was measured using high sensitivity ELISA procedures (R & D Systems,
Minneapolis, MN) and serum uric acid was analyzed with a calorimetric QuantiChrom
assay kit (BioAssay Systems, Hayward, CA). All samples were run in duplicate.

Diet Interventions
Subjects agreed to avoid the use of vitamin/mineral supplements over the course
of the study. They were instructed to follow a diet moderate in carbohydrate (55% total
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kcal) and kept a one-day food and activity record prior to baseline measurements and
each RST. Food records were analyzed later using Nutritionist Pro software (Axxya
Systems, Stafford, TX). The two treatments (P and Q) were provided in individual
serving-size packets of a dry powder that the subjects mixed with 20 oz of water and
consumed twice per day (i.e. morning and evening).

Q was a 6% carbohydrate,

commercially available sports drink (Gatorade®, Chicago, IL) with 500 mg of quercetin3-glucoside per serving (1000 mg/d) [19]; P was the same isocaloric beverage without
quercetin. Following the RST and prior to B3, subjects were only allowed water ad
libitum.

Statistics
Statistical analysis was carried out using SAS® software for Windows (version
9.2; Cary, NC). Group data were expressed as mean ± SD, and a p value of < 0.05 was
considered significant.
descriptive statistics.

Baseline characteristics of subjects were analyzed using
Mean sprint times were compared between treatments using

analysis of variance (ANOVA) with repeated measures with timepoints S1-S12 for
performance. Performance was also assessed using %FD, as calculated, described,
and validated by Glaister et al. [23]:
%FD = (100 x [total sprint time/ideal sprint time]) – 100
total sprint time = sum of all sprint times
ideal sprint time = number of sprints x fastest sprint time
A paired t-test was used to compare differences between treatments for %FD and
fastest sprint time.

In order to ensure consistency between baseline and pre-test,
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fasted values, all blood measures were compared between B0 and B1 with one-way
repeated measures ANOVA. B1-B3 measures were normalized to the B1 values and
analyzed using ANOVA with repeated measures.

RESULTS
Diet and RST
There was no difference in total daily energy consumption or percent
macronutrient intake between baseline (11.5±3.1 MJ; 54.2±11.2% CHO; 18.4±3.4% pro;
32.7±11.5% fat), Q (11.2±4.9 MJ; 45.6±11.3% CHO; 22.6±7.3% pro; 32.6±10.8% fat),
and P (12.1±3.4 MJ; 50.0±9.2 CHO; 19.2±4.9% pro; 32.0±6.1% fat) for the 24 h prior to
testing. Mean sprint times (see Figure 4.1) increased with time and were significantly
higher (5.9%) by S9 for both treatments. There was no significant difference between
groups or group by time interaction. For %FD, P (3.8±2.3%) was significantly less
(p=0.017) than Q (5.1±2.7%).

Fastest sprint time was lower numerically but not

statistically for Q compared to P (4.62±0.22 and 4.68±0.26 sec for Q and P respectively,
p=0.132).

Mean RPE, on a scale of 0 – 10, was not statistically different between Q

(7.5±1.6) and P (7.3±1.3).
Blood Measures
Mean values for all blood measures are reported in Table 4.2 No significant
differences between treatments were observed between B0 and B1 for any blood
measure. Time effects but no group effects or interactions were observed for exercise
response of all normalized blood measures.

XO, IL-6 and uric acid increased

immediately after the repeated sprints (47%, 77%, and 25%, respectively) and

96

significantly declined but remained elevated above resting levels 1 h after the exercise
bout.

DISCUSSION
The study objective was to determine the effect of quercetin consumption on
repeated sprint performance, the inhibition of xanthine oxidase activity and the
inflammatory response induced by this exercise. This was hypothesized because of the
evidence for in vitro inhibition of xanthine oxidase by quercetin.

The RST caused

fatigue as evidenced by significantly slower mean sprint times by S9. The rise in mean
sprint time and overall change in %FD that we observed is consistent with another study
using a similar sprinting protocol [24].
We did not observe an ergogenic effect of Q with repeated sprints, contrary to some
research in animals and humans [9, 21].

Work by Davis et al. [21] indicated that

quercetin supplementation increased endurance capacity via rises in mitochondrial
enzymes in exercising mice, which would have limited applications to the sprinting
protocol used in our study. To our knowledge, MacRae and Mefferd [9] are the only
group to report an ergogenic effect of an antioxidant+quercetin beverage (AO+Q) in
exercising humans, while others have not observed an effect [20, 25]. In that study [9],
eleven male cyclists completed 2x30 km time trials following 6 wks of AO+Q (300 mg
quercetin 2x per day) or placebo supplementation. Six weeks, but not 3 weeks of
AO+Q improved time trial performance and power.

The authors hypothesized that

chronic supplementation may have caused a shift in redox status of the cyclist’s
muscles toward a more reduced state and attenuation of exercise-induced ROS
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production; this was not measured.

Although this study did not directly identify a

mechanism for any benefit of quercetin supplementation, the improved aerobic
performance was notable. However, it may have limited relevance for performance of
high intensity sprint exercise, as used in our study. No studies have been published on
the potential ergogenic value of quercetin for brief, anaerobic exercise.
Key performance outcomes for sprint tests generally include a measure of speed
(e.g. mean and/or fastest sprint time), and an assessment of the subject’s ability to
resist fatigue.

While the former may be directly measured with good test-retest

reliability, the latter must be derived from equations and is less reliable [23]. Rampinini
et al. [26] found that mean sprint time, but not a calculation of sprint fatigue during a
RST, was correlated with high speed running and distance covered during a soccer
match. Despite this finding, we chose to report %FD, in addition to mean sprint time,
since this equation is the most reliable calculation available to assess change in sprint
performance [23].
Using a similar protocol to ours, Glaister et al. [27] concluded that caffeine was
ergogenic for repeated sprinting in 21 males. They reported increased %FD (1.2%)
despite an improvement in fastest sprint time after caffeine supplementation.

The

caffeine-supplemented subjects began sprinting at a faster speed, but were not able to
sustain it over time. Though fastest sprint times were not significantly different between
Q and P in our study (p=0.132), we observed a similar fatigue pattern to Glaister et al.
[23]. It is possible that with a higher number of subjects, Q may have had an effect
similar to caffeine leading to a faster initial sprint pace and increased %FD.
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This

hypothesis is only suggested by our results and requires experimental validation to
confirm.
On the other hand, the higher %FD could be interpreted as ergolytic for repeated
sprinting. A possible factor to consider related to this is the observed inhibitory effect of
quercetin on muscle signaling in one study [28].

In vitro, quercetin inhibited

sarcoplasmic/endoplasmic reticulum Ca2+ ATPase (SERCA) activity.

SERCA Ca2+

pumps are important to muscle contraction by maintaining low levels of free cytosolic
Ca2+ within cells. Inhibition of SERCA1, the isoform that predominates in type II muscle
fibers, reduces Ca2+ uptake and release from the sarcoplasmic reticulum, and has been
associated with increased fatigue during repetitive exercise [29].

Green et al. [30]

observed a decrease in SERCA1 following 10 weeks of single-leg submaximal cycling
training, while others have reported a strong trend for lower SERCA1 content after only
five weeks of cycle training [31].

This response has been attributed to increased

mechanical efficiency with endurance training. The subjects in our study likely had a
greater reliance on SERCA1 for muscle contraction than those used by MacRae and
Mefferd [9] who were more highly trained. Additionally, the anaerobic nature of our
protocol would probably depend more on SERCA1 content than prolonged endurance
exercise. This hypothesis would have to be verified with data in humans but could
explain the more rapid onset of sprint fatigue with quercetin feeding in our study.
Our results support previous work by Stathis et al. [32] who have observed
significant increases in uric acid production in the recovery period following cycling
sprints. Uric acid is a free-radical scavenger that has been shown to protect against OS
in vitro [33]. The rise in XO activity and uric acid levels in our study indicate that the
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RST increased inosine monophosphate production and resulted in purine loss from the
muscle. Though we did not directly assess a marker of OS, the increase in XO activity
probably led to increased production of ROS by-products.

OS can cause an

inflammatory response [4] and increase secretion of IL-6 from contracting muscle [34];
the significant increase in IL-6 levels that we found supports this.
The lack of an effect of Q on this response may be due to the fact that quercetin is
converted to various metabolites following digestion and does not appear in the blood
as free quercetin. These metabolites have varying ability to inhibit xanthine oxidase
[35].

For example, previous research has shown that the predominate metabolites

present in blood following ingestion of a high quercetin food (onions) were quercetin-3glucuronide and 3’-methylquercetin-3-glucuronide; these forms do not retain xanthine
oxidate inhibition [35]. Quercetin-3’-sulfate can also be formed as a consequence of
quercetin ingestion and does retain xanthine oxidase inhibition capacity. We did not
measure the quercetin metabolites and do not know which were increased in blood at
the time of the exercise test.

We used a highly absorbable form of quercectin,

quercetin-3-glucoside [36], and based the dosage and timing of Q on studies by others
[9, 18]. Quercetin has a relatively long half-life of elimination (~18.5 h) and short time to
reach peak plasma concentration (~37 min). Thus, we do not think the lack of detection
of an ergogenic effect was due to dosage or timing of ingestion. Also, some have
reported that the bioavailability of quercetin is enhanced when provided in combination
with other antioxidants such as vitamin C [37].

It is important to note that our

supplement contained only quercetin and carbohydrate, which may have limited its
effectiveness.
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Finally, it is important to consider the inability to directly translate previous in vitro
research to our results in vivo. In vitro studies indicate that quercetin has significant
antioxidant and antipathogenic properties [38], though quercetin has not been shown to
attenuate XO activity in vivo in humans.

Only one in vivo study in mice reported

significant inhibition of XO (27.19%) with a high dose of quercetin (100 mg/kg)
administered for 3 d [17]. Our findings support those of others who did not observe an
in vivo effect of quercetin on exercise-induced inflammatory or OS markers [19, 20, 39,
40].

In a recently published study [40], chronic quercetin supplementation did not

prevent inflammation or OS following 3 d of cycling at a low intensity for 3 h. McAnulty
et al. recruited 40 athletes to receive either 1 g/d of quercetin or a placebo for 6 wks.
Quercetin had no effect on F2-isoprostanes, antioxidant capacity, and C-reactive
protein.
Boots et al. [39] observed that quercetin added to blood in vitro, caused a dosedependent inhibition of production of an inflammatory marker, TNFα (but not IL-10)
following exposure to lipopolysaccharide (LPS). Four weeks of ingestion of a blueberryapple juice mixture with 97 mg/L quercetin by seven healthy subjects modestly
increased plasma antioxidant status but did not affect LPS-induced cytokine production
in blood samples. The authors of this study interpreted these results by suggesting that
the lack of an in vivo effect of quercetin ingestion on cytokine response was due to the
low baseline inflammatory state of these subjects. However, it is also possible that
ingestion and absorption alters the form of quercetin to render it ineffective. It is not
known which metabolite was increased in this study since only total quercetin after
removal of the conjugates was measured. Future studies on the increase of specific
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quercetin metabolites following ingestion of supplements or foods would provide insight
into the effects that might be expected. Presently there is little in vivo support for the
observed in vitro effects of quercetin.
One limitation in our study was that we did not measure OS directly and therefore
can only surmise that the rises in XO and IL-6 were related to this response.
Measurement of SERCA activity was out of the scope of this study, but new research
could focus on the effect of quercetin on this aspect of muscle function in sprint
exercise. In future studies, measurement of quercetin metabolites following ingestion of
supplements would add to our understanding of the potential differential effects of
quercetin forms and doses on the metabolites known to potentially inhibit xanthine
oxidase.

CONCLUSION
Repeated sprinting exercise, characteristic of team sports such as soccer,
caused fatigue and acute increases in xanthine oxidase activity and IL-6.
Supplementation with quercetin did not improve performance and led to greater %FD
compared to a placebo. In addition, our results add support to previous studies where
quercetin supplementation had no effect on exercise-induced oxidative stress and
inflammation in vivo.
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Table 4.1 Subject characteristics (N=15)
Characteristic

Mean Value ± SD

Age (yr)

23.3 (2.6)

Mass (kg)

81.7 (10.9)

Height (m)

179.2 (5.9)

Table 4.2 Blood marker concentrations relative to pre-test values (±SD)
Treatment#

Pre-test

Post-test

1 h post-test

Quercetin

1.00

1.83 (0.54)*

1.38 (0.51)*,†

Placebo

1.00

1.72 (0.45)*

1.58 (0.57)*,†

Quercetin

1.00

1.52 (0.54)*

0.78 (0.16)*,†

Placebo

1.00

1.41 (0.32)*

0.81 (0.14)*,†

Quercetin

1.00

1.25 (0.10)*

1.19 (0.14)*,†

Placebo

1.00

1.25 (0.09)*

1.18 (0.10)*,†

IL-6

XO

Uric Acid

*Significantly different from pre-test (p<0.05)
†
Significantly different from post-test (p<0.05)
#
Absolute pre-test concentrations for Q and P for IL-6 (0.83 & 0.71 pg⋅ml-1), XO (15.1 &
12.5 mU⋅ml-1), and uric acid (8.9 & 8.4 mg⋅dl-1)
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Figure Caption

Figure 4.1 Mean sprint times (±SD) from a RST for Q () and P (----). Significant
differences (p<0.05) from S1 (*), S2 (†), S3 (‡), S4 (#).
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Figure 4.1
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Chapter V. Summaries, Theoretical Issues, and Recommendations

Summaries and Contributions of Research
Effect of Honey-Sweetened Beverage on Simulated Soccer Performance and ExerciseInduced Cytokine Response
Inflammation and OS rise over the course of a soccer match, which may lead to cellular
damage and accelerated fatigue [1-3]. Dietary interventions, such as carbohydrate
and/or AOs, may lessen these responses and improve performance [1, 4]. Particularly,
there is an increasing demand for natural products that contain AOs to be incorporated
into sports beverages and other supplements. The lack of research on the use of honey
with team sports led us to study its effect on performance and OS and inflammation.
Ten highly trained, male soccer players were randomly assigned to receive each of
three beverages (honey-sweetened (H), commercial sports drink (S), and placebo (P))
immediately before and during a 90-min performance test designed to simulate the
physical demands of a soccer match.
The most significant contribution of this study is that, at a consumption frequency
characteristic of a typical soccer match, we did not observe an effect of H or S on
soccer performance and exercise-induced inflammatory markers, except for a slight
decline in IL-1ra with H (Chapter III). Aside from IL-1ra, these results are contrary to
studies that have reported an ergogenic effect or decrease in OS and inflammatory
markers (e.g. IL-6) with carbohydrate supplemented at more frequent intervals [5-7].
If ROS production increased with our protocol, it is possible that the exogenous
antioxidants or other phenolic compounds in H delayed the anti-inflammatory response
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of IL-1ra independent of increases in IL-6. The similar decrease in IL-1ra for S by 1 hpost also points to a possible role of carbohydrate in mediating this effect (see
Theoretical Issues below). We are the first group to study the effect of acute H
ingestion on these inflammatory markers during intermittent, high intensity exercise.
Our results add to the limited literature on the effect of acute nutritional interventions
during a new soccer-simulation test and how the metabolic response may be different
than with prolonged exercise. This study brings to question the applicability of previous
studies that may have used impractical supplementation protocols and the need for
research that mimics the constraints and demands of actual competition.

Effect of Quercetin Supplementation on Repeated Sprint Performance and Metabolic
Stress
Due to the failure of carbohydrate to attenuate inflammatory markers following the
soccer test, we studied an alternative theory for the cause of increased inflammatory
markers with strenuous exercise. A soccer match includes numerous bouts of short (<6
s) sprints. Repeated sprint tests have been shown to increase ROS production in part
through the activation of XO [8]. Quercetin supplementation inhibits XO in vitro [9], and
there is limited evidence that it may act in a similar manner in vivo and improve exercise
performance [10-12]. Increased interest in the use of this flavonoid in sports
supplements led us to investigate its effect on performance and inflammation/OS
following a RST. Fifteen recreationally active males completed two RSTs each
following one-week supplementation of a commercial sports drink (S) or S with 500 mg
quercetin (Q) consumed twice a day (1 g/d).
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Q supplementation did not have an effect on XO activity and the exerciseinduced inflammatory response to repeated sprints and actually increased fatigue
(Chapter IV). This is in agreement with others who have not observed attenuations in
inflammatory/OS markers in vivo [13-16]. In fact, no exercise studies in humans have
found an effect of quercetin on plasma cytokines and OS markers. One human study
reported improved endurance performance with quercetin [12], though this has not been
validated by others [14-17]. If quercetin does have an ergogenic effect, it appears to be
through mechanisms that are unique to endurance exercise, such as rises in
mitochondrial enzymes [10]. Additionally, a shift in redox status that preserves skeletal
muscle force production may also occur with longer supplementation [12]. Our results
contribute to the limited research on quercetin with exercise, since no other groups have
studied its effect on sprinting. While polyphenols may be beneficial in endurance
exercise [4, 12], the efficacy of quercetin with sprinting is questionable. This research is
also significant in that it underscores the importance of not directly translating in vitro
results to what actually occurs in vivo.

Theoretical Issues & Recommendations for Future Research

Beverage Frequency and Glycogen Storage
We were surprised that carbohydrate had a minimal impact on the subjects in the first
study (Chapter III). While it is well accepted that carbohydrate supplementation prior to
and during prolonged exercise attenuates fatigue and may improve performance, there
is less evidence for this effect with team sports. Even though we used a similar amount
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of carbohydrate to other groups that reported an ergogenic effect, we provided it less
frequently.
More frequent supplementation (e.g. every 15 min) is believed to improve
performance through mechanisms related to the maintenance of plasma glucose
concentration, sustaining rates of carbohydrate oxidation, and the sparing of glycogen
[18]. Of these factors, we only measured plasma glucose levels and did not observe a
decline in this marker with any of the treatment groups, suggesting that body
carbohydrate was not limited. There is evidence that carbohydrate ingestion throughout
exercise improves end-of-exercise performance compared to ingestion of a single bolus
late in exercise [19] or less frequent supplementation [20]. It is possible that the
hyperglycemia that occurs when carbohydrate is ingested frequently, rather than just
the maintenance of glucose levels, may be necessary to elicit an ergogenic response
[21]. Hyperglycemia increases total carbohydrate oxidation during exercise and
reduces fat oxidation as well as gluconeogenesis from glycogen [22]. This results in a
glycogen-sparing effect, which may prevent declines in performance [21, 23].
Few studies have reported the effect of carbohydrate frequency on muscle
glycogen storage, and these have been mostly limited to feeding following prolonged
exercise and not during exercise [24]. Carbohydrate is more crucial with prolonged high
intensity exercise, where there is a greater initial dependence on glycogen stores for
fuel than prolonged exercise at a lower intensity. Significant depletion of muscle
glycogen results in impaired performance and has also been linked with increased
cytokine production [25]. Frequent ingestion of carbohydrate, as opposed to large
boluses, also appears to be more beneficial for maintaining performance when glycogen
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stores are low [26]. We did not measure glycogen levels in our subjects, though this
may have had an impact on our results. Additional research on carbohydrate frequency
in subjects with variable glycogen stores would help answer this question.
Other potential contributors to exercise fatigue include changes in muscle
membrane potential, calcium homeostasis, and muscle damage by ROS. These factors
have not been studied in regard to acute feeding frequency during exercise, though
carbohydrate and/or antioxidant supplementation has been shown to attenuate
exercise-induced increases in OS and inflammatory cytokines [1, 4, 27, 28]. More
frequent feeding may therefore provide a continuous, and therefore greater level of
protection against muscle damage and fatigue induced by these molecules. This may
be explained by an increase in mitochondrial enzymes [10] and/or a shift in redox status
to a more reduced state. The later mechanism maintains skeletal force production and
contractile function in glycolytic muscle fibers [12]. Future research could focus on of
how supplementation frequency affects performance and the specific mechanisms
involved. There is also a need for controlled studies with protocols that closely mimic
team sports in order to determine the efficacy of current nutritional recommendations.

IL-1ra release independent of IL-6
In our first study (see Chapter III), IL-1ra concentration immediately post-test was lower
for H compared to S and P even though IL-6 levels increased similarly for all treatments.
IL-1ra release is usually attributed to stimulation by IL-6 released from muscle during
exercise. IL-6 is one of the first cytokines to respond to exercise stimulation, while IL1ra typically does not peak until 1 – 2 h post-exercise. The different responses between
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these cytokines in our study indicate that an alternative mechanism probably influenced
IL-1ra.
To begin with, there is evidence that chronic supplementation of vitamin C may
attenuate IL-1ra release but not IL-6 following ultraendurance exercise [29, 30].
However, there is no other support in the literature that acute supplementation of
antioxidants elicits this effect. The lack of a treatment effect on ORAC values in our
study and relatively low phenolic content of honey (see Chapter II), antioxidant status
probably cannot explain the observed effect.
The key to the rise in IL-1ra may be more closely tied to the effect of
carbohydrate on this cytokine. While IL-1ra levels for H were lower than S and P
immediately post-test, H and S were both lower than P by 1 h-post. Cox et al. [31]
found that a carbohydrate meal before cycling exercise reduced the IL-1ra response
independent of IL-6. In a study following cytokine levels in runners before and after a
marathon, carbohydrate supplementation did not prevent an increase in IL-6 but did
attenuate IL-1ra concentration post-race [32]. While IL-6, is produced in exercising
muscle, IL-1ra is produced in leukocytes [33]. One hypothesis for the observed IL-1ra
response in our study is that carbohydrate may have increased the phosphorylation
levels of glycogen-synthase kinase 3 (GSK3), which negatively regulates IL-1ra release
from leukocytes [34, 35]. Ivy et al. [35] recently found that a carbohydrate-protein
supplement increased GSK3 phosphorylation compared to a placebo during recovery
following a 45 min cycling session and repeated cycling sprints. More research on
carbohydrate’s effect (e.g. dose, timing and frequency) on this enzyme with team sport
exercise is warranted to confirm this hypothesis.
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AO Concentration and Bioavailability of Treatments
The AO capacity and bioavailability of the treatment compounds are important
considerations in both studies (Chapters III & IV). Compared to carbohydrate alone, H
has some naturally occurring AOs, though in relatively small amounts compared to
other flavonoid-rich foods. For example, some berries have 13x the ORAC activity and
~30x the total phenolics of clover honey [36, 37]. Most research on the AO capacity of
honey has been with buckwheat honey, which has higher ORAC activity (~1.8x) and
total phenolics (~5x) than the clover honey used in our study [38]. Additionally, these
values can vary widely depending on the source of the honey. We chose to use clover
honey because of its widespread commercial availability in the United States.
Bioavailability is another factor that may help explain why we did not find an
effect of our interventions on metabolic stress. While numerous studies, mostly in vitro,
report increases in AO activity with polyphenol consumption, the absorption and
biological significance of this effect is relatively unknown [39]. In the second study
(Chapter IV) we used a glucoside (sugar-bound) form of quercetin that is better
absorbed into the small intestine than other non-glucosides [40]. Following absorption,
the quercetin that reaches the circulation is glucuronidated, sulphated, and methylated.
At least in cell culture studies, there is evidence that quercetin conjugates have different
activities, usually reduced, compared to the parent molecule. Winterbone et al. [41]did
not observe an effect by quercetin metabolites on up-regulation of inflammatory
mediators induced by TNF-α. They did see a response with the parent molecule,
quercetin aglycone. We did not measure the plasma concentration of quercetin
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metabolites in our study, and it is therefore possible that Q was converted to a form that
does not inhibit XO in vivo.
Additionally factors that may have contributed to our results include the use of
only one antioxidant and the dosage and timing of supplementation. First of all, there is
increasing evidence that other antioxidants, such as vitamin C, appear to work
synergistically with quercetin when provided in combination [12]. These molecules are
absorbed at varying rates and concentrations, and therefore have the potential to
provide a wider range of antioxidant protection than with quercetin alone. To hopefully
maximize the absorption of Q, we based the dosage and timing of Q ingestion off of
studies by others [12, 17]. Since the half-life of elimination of quercetin is relatively long
(~18.5 h), and it reaches peak plasma concentration shortly after ingestion (~37 min),
the timing of Q ingestion was most likely appropriate [42]. However, there is no
evidence in exercising humans that increases in circulating phenolic compounds and
antioxidant capacity actually attenuate OS and subsequent inflammation in vivo [14-16].
Finally, exogenous antioxidants may only show an effect when nutritional status
is deficient and endogenous antioxidants are low. Exercise increases levels of
endogenous antioxidants, such as uric acid (Chapter IV), which most likely contributes
to increases in antioxidant capacity with exercise (Chapter III). The specific contribution
of exogenous antioxidants with exercise is therefore difficult to ascertain.
Further research on the relationship between exogenous antioxidant
supplementation, plasma antioxidant levels and in vivo responses to exercise-induced
OS and inflammation would help answer these questions. Important considerations
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include the amount and form (e.g. supplement or dietary) of the proposed intervention.
Studies on the activity of the metabolites once they are absorbed is also warranted.

Inflammatory Markers- Good, Bad, or Both?
Compared to the literature on diseased populations, the role of exercise-induced OS
and inflammation is less understood. There is strong evidence that inflammatory
markers such as C-reactive protein (CRP), IL-6 and TNF-α, are associated with
increased risks of cardiovascular disease, obesity and diabetes [43]. Obesity is
characterized by a chronic state of low-grade inflammation through production of
adipokines (cytokines produced by adipose tissue macrophages). For example, TNF-α
promotes insulin resistance by decreasing expression of glucose transporter GLUT4
and the insulin receptor and insulin receptor substrate-1 (IRS-1) that regulate glucose
uptake and insulin signaling [44]. In addition, this cytokine is a regulator of IL-6, which
is also involved in expression of IRS-1 and GLUT4.
Since inflammation has been connected with increased diseased states, it was
believed that cytokines played a similar role with exercise. In reality, the mechanisms
that govern the inflammatory response to exercise appear to be different. IL-6 released
from muscle during exercise exhibits anti-inflammatory properties and may have a
positive effect on glucose and lipid metabolism by increasing insulin-stimulated glucose
disposal and fatty acid oxidation in humans in vivo [45]. Classified as a “myokine”, IL-6
actually inhibits TNF-α production and stimulates production of the anti-inflammatory
cytokines IL-1ra and IL-10. TNF-α from contracting muscle does not increase with
exercise to the same degree as in a disease response [46].
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Regular exercise is often used as a prescription to protect against diseases
associated with chronic low-grade systemic inflammation. It has been hypothesized
that IL-6 is an important mediator in this response and may lead to training adaptations
with exercise. There is evidence that antioxidant interventions have a greater effect
among diseased populations than healthy athletes in vivo [13], which could negate the
use of such interventions with exercise. With that said, there is likely a threshold where
a significant increase in IL-6 becomes problematic and may lead to an improper
immune response [47]. Prolonged elevation of this cytokine results in a state of chronic
inflammation, as in overtraining, and may have a detrimental effect on performance and
increase the risk of illness [48]. Therefore, the duration and magnitude of the cytokine
response should be considered when assessing the potential effects on performance.
Future studies on the unique roles of inflammation/OS in different populations could
have practical implications on the efficacy of nutritional interventions that attenuate
these responses. In particular, more research is needed comparing the in vivo effects
of AO supplements with exercise in athletes, healthy sedentary individuals, and
diseased populations.

Practical Implications
Our findings do not support previous research that has found an ergogenic effect of
carbohydrate with exercise specific to team sports when there are minimal chances to
take in nutrients. Specifically, there may be little benefit of acute carbohydrate
supplementation immediately before and mid-way through a soccer match for welltrained, healthy subjects similar to those in our first study. Compared to carbohydrate,
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there is less evidence that antioxidant supplements may improve performance with
prolonged exercise, and our results call into question quercetin’s usefulness as an
ergogenic aid for team sport athletes. With regards to the impact of acute carbohydrate
and quercetin on exercise-induced inflammation/OS, our results indicate that these
nutritional interventions do not appreciably influence these metabolic responses in vivo.
For intense exercise over multiple days and in glycogen-depleted states, however,
carbohydrate may be beneficial. This research has practical value for supplement and
sports drink companies who are exploring the use of flavonoid compounds in product
formulation and marketing to team sport athletes.

Conclusions
The purpose of this research was to increase our understanding of the role of nutritional
interventions in the mediation of inflammation and OS from exercise unique to team
sports. We studied two nutritional interventions (carbohydrate and quercetin) that have
been suggested from other research to reduce inflammation and improve performance.
Results from our studies indicate that these interventions do not appear to offer an
acute ergogenic or anti-inflammatory benefit when ingested in frequencies typical of a
regulation soccer match. It is important to note that this research can only be applied to
healthy athletes who are adequately nourished and does not account for multi-day,
glycogen-depleting exercise. This research provides insight into the unique challenge
of feeding frequency during a soccer match and how team sport interventions should
consider this factor when designing protocols and translating results into common
practice. Our findings show that exercise characteristic of team sports results in
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increased inflammatory markers and possibly OS. Additionally, we have added support
to work by others that has not found an effect of quercetin on inflammatory and OS
markers in vivo. Future research is needed to clarify 1) the influence of sport-specific
supplementation frequency on performance and markers of inflammation and OS, and
2) the relationship between antioxidant capacity and plasma phenolic concentrations on
exercise-induced inflammation and OS in vivo. Considering the popularity of team
sports and increasing prevalence of nutritional supplements with
carbohydrate/antioxidant compounds, this research is especially pertinent to athletes
and coaches looking to optimize athletic performance.
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Appendix A
Blood Sample Labeling and Handling Procedures
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Blood labeling legend and sample handling procedures
Study #1
Sample labels
• Subject number (7, 8, 11-18)
• Trial number (1-3)
• Pre-, post-, and 1h-post test (1-3)
Detailed blood sample handling procedures for blood draws, whole blood aliquoting,
plasma & serum collection, & ORAC procedures
Will Need:
1) Gloves
2) 1- 6mL heparin tube
3) 1- 7mL EDTA tube
4) 1- 10mL SST
5) Labeled subject tubes
6) Ice bucket filled with ice
7) 2 plastic tubes
8) Disposable transfer pipettes
9) 1- 20µL pipette
10) 2- 200µL pipettes
11) 2- 100µL pipettes
12) 1- 1mL pipette
13) Kim wipes
14) Blue, green & red pipette tips
15) Disposable pipettes
16) Tube racks
17) Capillary tubes
18) Subject bag for freezing
Blood Draws
Blood will be drawn into 5 tubes in the following order:
1) 1- 7mL plasma EDTA tube (purple top)
2) 1- 10mL serum separator tube
3) 1- 6mL heparin tube (green top) for ORAC
Invert tubes 5 times and place on ice as soon as they are drawn…
Blood Preparation
1) Take the purple EDTA tube & SST; immediately invert both tubes 5 times.
2) Remove the top of the EDTA tube carefully with a kim wipe, set aside b/c you will
need it again
3) Hemoglobin: 20µL of whole blood into micro-tube labeled for each subject
(refrigerate in lab for analysis within 24 h)
4) Hematocrit: 200µL of whole blood into micro-tube labeled for each subject (take to
lab for immediate centrifugation in capillary tubes)
5) Take the remaining tubes to lab.
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a) 1- 7mL EDTA tube (purple top) spin in centrifuge for 10min. at 1500 x g (to obtain
the plasma)
b) 1- 6mL heparin tube (green top) spin in centrifuge for 10min. at 1500 x g (to
obtain the plasma)
c) 1- 10mL SST allowed to sit for 30min.; centrifuge for 15min. @ 1000-2500 x g (to
obtain the serum)
Centrifuge Order:
1) 1- 6mL heparin tube for ORAC (10min- 1500 x g)
2) 1- 7mL EDTA tube for plasma (10min- 1500 x g)
3) 2- microcentrifuge tubes for protein-free ORAC (10min- 10,000rpm (720 x g))
4) 1- 10mL SST (10min- 1000 x g)
ORAC (6mL heparin tube)
1) Protein-free plasma for PCA-ORAC
a) Once 1- 6mL heparin tube is finished spinning, remove from centrifuge &
carefully place in rack (do not disturb the RBC layer)
b) Remove the top with a kim wipe & discard in a biohazard waste container
c) With a disposable transfer pipette, remove all plasma from the tube & place in a
small plastic or glass tube labeled for each subject (remove all plasma from all
tubes first and then go back to do the aliquoting)
d) You will have a 1mL & 100µL pipette; aliquot in the following order starting
w/1mL pipette:
i) Total-ORAC: 500µL into 0.5mL microcentrifuge tube; place on ice
ii) Protein-free ORAC: 150µL in duplication into a microcentrifuge tube- this
tube will already contain 150µL of PCA
(1) Vortex vigorously for 30sec
(2) Centrifuge at 10,000rpm (720 x g) for 10min. in microcentrifuge
iii) If time allows while protein-free samples are centrifuging, flush the totalORAC sample with N2 air, put in appropriate bag for each subject and store in
freezer at -80ºC, otherwise do it at the same time as the protein-free samples
(see below)
iv) When protein-free samples are done centrifuging, aliquot 150µL supernatant
into 0.5mL microcentrifuge tubes labeled for each subject
v) Flush the total- & protein-free tubes with N2 air; put in appropriate bag for
each subject and store in freezer at -80ºC
e) Discard tubes and pipettes in biohazard waste container
PCA Prep: 150µL in protein-free tubes
1) Measure 7.1757mL (70% PCA) into a 100mL volumetric flask
2) Add DI water up to 100mL
3) Store in 4ºC refrigerator
Plasma (7mL EDTA)
1) Plasma aliqouting
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a) Once 7mL EDTA tube is finished spinning, remove from centrifuge & carefully
place in rack (do not disturb the RBC layer)
b) Remove the top with a kim wipe & discard in a biohazard waste container
c) With a disposable transfer pipette, remove all plasma from the tube & place in a
small plastic or glass tube labeled for each subject (remove all plasma from all
tubes first and then go back to do the aliquoting)
d) You will have a 200µL pipette; aliquot into 0.5mL microcentrifuge tubes in the
following order:
i) Insulin: 200µL
ii) Cortisol: 200µL
e) Place any extra plasma in the extra microcentrifuge tube labeled for each subject
f) After all have been aliquoted, put in the appropriate bags for each subject and
place in freezer (-80ºC)
g) Discard tubes and pipettes in biohazard waste container
Serum (10mL SST)
1) Serum aliquoting
a) Once 10mL SST has finished spinning, remove from centrifuge & carefully place
in rack
b) Remove the top with a kim wipe & discard in a biohazard waste container
c) With a disposable transfer pipette, remove all serum from the tube & place in a
small plastic or glass tube labeled for each subject (remove all serum from all
tubes first and then go back to do the aliquoting)
d) You will have a 1mL & 100µL pipette; aliquot in the following order starting with
the 1mL pipette:
i) IL-10: 1.0mL
ii) IL-1ra: 1.0mL
iii) 1L-6: 500µL
iv) Glucose: 100µL
e) After all samples have been aliquoted, put in the appropriate bags for each
subject and place in freezer (-80ºC)
f) Discard tubes and pipettes in biohazard waste container
MEASURE
Hb (whole blood)
Hematocrit (whole blood)
Total ORAC (plasma)
Protein-free ORAC (plasma)
Plasma Insulin
Plasma Cortisol
Serum IL-6
Serum IL-10
Serum IL-1ra
Serum Glucose

SAMPLE
20µL
200µL
100µL x2
150µL x2
150µL
150µL
500µL
1mL
1mL
100µL
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Blood labeling legend and sample handling procedures
Study #2
Sample labels
• Subject number (1-15)
• Trial number (1 (baseline), 2 and 3)
• Pre-, post-, and 1h-post test (1-3) only used for trials 2 and 3
Detailed blood handling procedures for blood draws, plasma & serum collection
Need: ice bucket, pipettes (20µL, 100µL, 1mL), 10mL plastic tubes, disposable transfer
pipettes, tips (green & blue), pipette rack, 2 lg tube racks, 1 sm tube rack, sharps
containers, Kim wipes, 25mL graduated cylinder, ascorbic acid, formic acid (stored in
fridge), styrafoam cooler, gloves (XS, M, L & XL)
Blood Draws
Blood will be drawn in 3 tubes in the following order (immediately invert each 5 times):
1) 2- 6mL plasma heparin tubes (green tops)
2) 1- 10mL serum separator tube (red top)
Place tubes on ice as soon as they are drawn. All tubes can be centrifuged at the same
setting, but it is important to make sure that if the 6mL & 10mL tubes are spun at the
same time that they are balanced. Be sure to wear gloves at all times!
Quercetin Metabolites (6mL heparin tubes)
1) Plasma aliquoting
a) Centrifuge for 10 min. at 3000 g and 4°C.
b) Remove tubes from centrifuge & carefully place in rack
c) Remove tops with a kim wipe
d) Using a disposable transfer pipette, remove all plasma from both tubes & place in
a small plastic tube labeled for each subject- remove plasma from all tubes
before aliquoting!
e) Using a 1mL pipette, aliquot 500µL into a green microcentrifuge tube
f) Add 15µL 50% aqueous formic acid (stored in fridge)
g) Add 50µL ascorbic acid (10mM)- prepared fresh that morning (see below)
h) Repeat until all plasma has been aliquoted (need at least 6/subject/timepoint)
i) Put vials in the appropriate bags for each subject and place in the freezer (80°C).
j) Discard tubes and pipettes in the biohazard waste container.
Ascorbic Acid Preparation (10mM- 1.761g/L):
• Need 50µL/aliquot x 9 aliquots/timepoint x 3 timepoints/subject x 5 subjects/day =
6.75mL/d
• Prepare fresh the morning of testing & refrigerate in opaque container when not
using
1) Measure 50mL deionized water in a graduated cylinder & pour into an opaque
storage bottle; the bottle will already contain 0.088g of ascorbic acid
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2) Shake vigorously until ascorbic acid is completely dissolved & refrigerate; AVOID
UNDUE EXPOSURE TO LIGHT
Serum (10mL SST)
1) Serum aliquoting- XO, uric acid, IL-6 & IL-1β
a) Allow tube to sit on ice for 30 min
b) Centrifuge for 10 min. at 3000 g 4°C; may centrifuge at same time as heparin
tubes if timepoints overlap.
c) Remove from centrifuge & carefully place in rack
d) Remove the top with a kim wipe
e) Using a disposable transfer pipette, remove all plasma from the tube & place in a
small plastic tube labeled for each subject- remove plasma from all tubes before
aliquoting!
f) Using a 1mL pipette, aliquot 400µL into a 1.2mL cryovial (XO)
g) Using a 50µL pipette, aliquot 40µL into 0.6mL microcentrifuge tubes (Uric Acid)
h) Using a 1mL pipette, aliquot 800µL into a 2mL cryovial (IL-6)
i) Place any extra plasma in the extra cryovial tube labeled for each subject.
j) After all have been aliquoted, put in the appropriate bags for each subject and
place in the freezer (-80°C).
k) Discard tubes and pipettes in the biohazard waste container.
MEASURE
XO
Uric Acid
IL-6
Quercetin Metabolites

SAMPLE AMOUNT (plasma)
400µL
40µL
800µL
500µL/aliquot (at least 6)
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VIAL SIZE
1.2mL
0.6mL
1.2mL
1.5mL
(green)

Appendix B
Detailed Performance Testing Protocols
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Study #1
Helper Directions
1. Arrive in Wallace #229- weigh (kg); have subjects take off warm-ups & shoes- they
should strip down to what they will wear for the performance test
2. Have them fill out an Inflammation Questionnaire
3. Line the subjects up by subject # to have their blood drawn
4. As soon as they get their blood drawn, give them their water bottle and instruct them
that they must drink all of the treatment beverage before the start of the test
5. Have them put on a heart rate monitor; make sure you press the start button
6. Collect their Activity/Diet Record
7. Have them fill out a Activity/Diet Questionnaire
8. Have them collect all of their things and walk them over to the Rector Fieldhouse
back entrance (the door will be propped open)
9. Warm-up:
a. 3min. jogging w/out ball
b. 4min. jogging w/soccer ball
c. 3min. static stretching & final instructions (make sure that their shoes are
double-knotted!)
10. Performance Test:
*Note: Subjects will be staggered at 10min. intervals
a. Mini-block:
i. 9min. into warm-up walk the subject to the start, have them put on
the arm band and headphones & turn on the MP3 player
ii. 9:50 into warm-up press play and make sure that the volume is
turned up
iii. Start your stopwatch as soon as they start running
iv. The total time for this portion of the test is ~7:45
v. Reset your stopwatch as soon as they finish the last sprint of the miniblock
b. 45sec. break- take off the arm band and turn off the MP3 player
c. Sprint
i. Instruct them to run to the 60yd line and back 2x in a row at a maximal
effort
ii. 40sec. into break: reset your stopwatch and instruct them to start
with the command “Ready, go”; start your stopwatch
iii. Record their total time to the nearest 10th of a second (e.g. 0:40.5)
always rounding up (e.g. 0:40.43 = 0:40.5)
iv. Reset your stopwatch
d. 45sec. break- walking over to the start of the agility drill
e. Agility Drill
i. 40sec. into break: reset your stopwatch and instruct them to start
with the command “Ready, go”; start your stopwatch
ii. They must dribble around all of the cones
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iii. When they leave the ball at the corner, they can’t just kick it ahead but
must stop it at the cone
iv. The sideways running (“karaoke”) must alternate one leg in front and
one behind all the way through the line
v. Record their total time to the nearest 10th of a second (e.g. 1:50.3)
always rounding up
vi. Reset your stopwatch
f. 45sec. break- walking over to the start of the ball-kicking drill
g. Ball-kicking Drill
i. Have the subject start between the tall orange cones (70ft away)
ii. Instruct them to run back to the cones after each kick
iii. They must kick the ball before it rolls past the far cone or it counts as a
miss
iv. The balls will be rolled every 6s- 8 balls total
v. A goal counts as the ball crossing the goal line
vi. 40sec. into break: reset your stopwatch and instruct them to start
with the command “Ready, go”; start your stopwatch
vii. Record how many goals they make (e.g. 5/8)
viii. Reset your stopwatch
h. 1min. break- walking over to the start of the mini-block
i. Record their HR, RPE & any comments
ii. Put their armband back on and turn on their MP3 player
iii. 10sec. before the start of the next block- press play on their MP3
player & make sure that the volume is turned up
i. Blocks 2 & 3 (same as Block 1)
j. 10min. half (starts after the conclusion of Block 3)
i. Give the them their second water bottle and instruct that to drink all of
the treatment beverage
ii. They can rest for ~7min.
iii. Instruct them to stand up and walk/stretch for the last 3min. of the half
iv. 9min. into the half- walk them to the start of the mini-block & turn on
the MP3 player
v. 9:50 into the half- press play on their MP3 player & make sure that
the volume is turned up
vi. Start your stopwatch as soon as they start running
k. Blocks 4 & 5 (same as previous blocks)
l. 1:30min. break- record their HR & RPE as you walk over to the start of the
beep test
11. Beep Test Protocol:
a. 1:00min. into the break- turn on the CD player (it must be unplugged to run
on batteries)
b. 1:15min. into the break- set the CD player on track 3- the test will begin in
15sec
c. Start a stopwatch when the test starts
d. Have one helper at each cone making sure that they reach them

138

e. As the subject appears to become more fatigued, begin to count the # of
shuttles that they are on
f. The subject may either choose to quit or have them stop if they miss 3
shuttles in a row
g. The final level/shuttle is the last one that the subject finishes completely
12. Blood Draw #2
a. As soon as they are done, have them go to the training room for the second
blood draw
b. As you are walking, record the subjects final level, shuttle, heart rate (HR),
rating of perceived exertion (RPE), the total elapsed time, & any comments
(e.g. comments of soreness & undue fatigue)
13. Immediately following the second blood draw:
a. Start your stopwatch
b. Place the tubes in a covered ice bucket
c. Have the subject quickly collect their things and walk them over to Wallace
#229
d. Deliver the blood samples to Janet Rinehart’s lab
14. Have the subject fill out the GI Questionnaire & Hedonic Questionnaire
15. Give the subject an Activity/Food Record for next week
16. The subject can rest, do homework, etc. but, they can’t leave or eat or drink
anything but water!
17. Blood Draw #3 (1hr post-test)
18. Instruct them on where & when to meet for the next trial (Wallace #229)
19. Subject can now eat, drink & leave
20. As long as things are picked up in the Fieldhouse, you are free to go- thanks!
Important Things to Remember:
 Keep the subjects on schedule! To prevent a back up on the drills, it is very
important that the rests are consistent.
 Do not let the subjects eat/drink anything besides the treatment beverage
 Blood Draw #2 needs to take place as soon as they’re done with the beep test
 The blood from Blood Draw #2 needs to be returned to Wallace Hall ASAP- be sure
to keep track of the time from when the blood was taken to when it was delivered to
the lab.
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Agility Drill

Set-up (from START):
1. Measure 10yds (30ft) and place 1 cone
2. 1 cone (10 total) every 2yds (6ft), stagger 1.5ft (use wooden stick) to the side (start
left)- 36ft, 42ft, 48ft, 54ft, 60ft, 66ft, 72ft, 78ft, 84ft, 90ft
3. Measure 20yds (60ft) more and place 1 cone- 150ft
4. Turn right, measure 10yds (30ft) and place 1 cone (1st reference cone)
5. Measure 20yds (60ft) more and place 1 cone- 90ft
6. Turn right, 1 cone (3 total) every 8yds (24ft)- 24ft, 48ft, 72ft
7. Measure 26yds (78ft) more and place 1 cone- 150ft
8. Turn right, measure 20yds (60ft) and place 1 cone (2nd reference cone should line up
with first cone across the field)
9. Return to 1st reference cone directly across the field, measure 4yds (12ft) toward 2nd
reference cone and place 1 cone
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10. 2 cones every 8yds (24ft)- 36ft & 60ft
11. Pick up reference cones
Need:
• 22 cones
• 1-1.5ft wooden measuring stick
• 1 tape measure
• 1 soccer ball
• 1 stopwatch
• 1 record sheet
Ball-Shooting Drill
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Set-up:
1. Measure to the middle of the goal- 3ft
2. From the middle of the goal measure 45ft and place 1 reference cone
3. Measure 25ft more and place 1 tall orange cone- 70ft
4. From this tall cone, measure 3ft to the right (as you’re facing the goal) and place
another tall orange cone
5. From reference cone, measure 3ft to the left (as you’re facing the goal) and place
the ramp
6. From reference cone, measure 15ft to the right (as you’re facing the goal) and place
a tall orange cone
7. Remove reference cone
Need:
• 1 tape measure
• 1 small cone
• 3 tall orange cones
• 1 ramp
• 1 goal
• 8 soccer balls
• 1 stopwatch
• 1 record sheet
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Beep Frequency & Shuttle Speed for Progressive Shuttle Run (PSR) Test
Level

Shuttles (#
of beeps)

Speed
(m/s)

Speed
(yd/s)

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21

7
8
8
9
9
10
10
10
11
11
12
12
13
13
13
14
14
15
15
16
16

2.22
2.36
2.50
2.64
2.78
2.92
3.06
3.20
3.34
3.48
3.62
3.76
3.90
4.04
4.18
4.32
4.46
4.60
4.74
4.88
5.02

2.43
2.58
2.73
2.89
3.04
3.19
3.35
3.50
3.65
3.81
3.96
4.11
4.27
4.42
4.57
4.72
4.88
5.03
5.18
5.34
5.49

Beep frequency Beeps/min. VO2max
VO2max
(sec b/t
Average
Range
beeps/10yd)
(ml/kg/min) (ml/kg/min)
4.12
14.6
17.9
0-19.7
3.87
15.5
21.4
19.7-23.1
3.66
16.4
24.8
23.1-26.7
3.46
17.3
28.3
26.8-29.5
3.29
18.2
31.8
29.6-32.9
3.13
19.2
35.3
33.0-36.4
2.99
20.1
39.2
36.5-39.9
2.86
21.0
42.2
40.0-43.3
2.74
21.9
45.7
43.4-46.8
2.63
22.8
49.2
46.9-50.2
2.53
23.8
52.7
50.3-53.7
2.43
24.7
56.2
53.8-57.1
2.34
25.6
59.6
57.2-60.6
2.26
26.5
63.1
60.7-64.0
2.19
27.4
66.6
64.1-67.5
2.12
28.3
70.1
67.6-70.9
2.05
29.3
73.6
71.0-74.4
1.99
30.2
77.0
74.5-77.9
1.93
31.1
80.5
78.0-81.3
1.87
32.0
84.0
81.4-84.8
1.82
32.9
87.5
84.9-87.5+

10 yd = 9.144m

143

Predicted Maximal Oxygen Uptake Values for PSR Test*
Level

Shuttle

4
4
4
4
5
5
5
5
6
6
6
6
6
7
7
7
7
7
8
8
8
8
8
9
9
9
9
9
10
10
10
10
10

2
4
6
9
2
4
6
9
2
4
6
8
10
2
4
6
8
10
2
4
6
8
10
2
4
6
8
11
2
4
6
8
11

Predicted
VO2max
(ml/kg/min)
26.8
27.6
28.3
29.5
30.2
31.0
31.8
32.9
33.6
34.3
35.0
35.7
36.4
37.1
37.8
38.5
39.2
39.9
40.5
41.1
41.8
42.4
43.3
43.9
44.5
45.2
45.8
46.8
47.4
48.0
48.7
49.3
50.2

Level

Shuttle

11
11
11
11
11
11
12
12
12
12
12
12
13
13
13
13
13
13
14
14
14
14
14
14
15
15
15
15
15
15
16
16
16

2
4
6
8
10
12
2
4
6
8
10
12
2
4
6
8
10
13
2
4
6
8
10
13
2
4
6
8
10
13
2
4
6

Predicted
VO2max
(ml/kg/min)
50.8
51.4
51.9
52.5
53.1
53.7
54.3
54.8
55.4
56.0
56.5
57.1
57.6
58.2
58.7
59.3
59.8
60.6
61.1
61.7
62.2
62.7
63.2
64.0
64.6
65.1
65.6
66.2
66.7
67.5
68.0
68.5
69.0

Level

Shuttle

16
16
16
16
17
17
17
17
17
17
17
18
18
18
18
18
18
18
19
19
19
19
19
19
19
20
20
20
20
20
20
20

8
10
12
14
2
4
6
8
10
12
14
2
4
6
8
10
12
15
2
4
6
8
10
12
15
2
4
6
8
10
12
16

Predicted
VO2max
(ml/kg/min)
69.5
69.9
70.5
70.9
71.4
71.9
72.4
72.9
73.4
73.9
74.4
74.8
75.3
75.8
76.2
76.7
77.2
77.9
78.3
78.8
79.2
79.7
80.2
80.6
81.3
81.8
82.2
82.6
83.0
83.5
83.9
84.8

*Ramsbottom, R., J. Brewer, and C. Williams, A progressive shuttle run test to estimate
maximal oxygen uptake. Br J Sports Med, 1988. 22(4): p. 141-4.
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Volume of Carbohydrate Beverages (H & S)
CHO Beverage Breakdown (6% CHO solution = 60g/L)
Subject mass (kg) Amt CHO (g) Amt H20 (mL) Total Trtmnt Amt (mL) Total CHO (g) Total Trial Amt (mL)
50
25.0
416.7
441.7
50.0
883.3
51
25.5
425.0
450.5
51.0
901.0
52
26.0
433.3
459.3
52.0
918.7
53
26.5
441.7
468.2
53.0
936.3
54
27.0
450.0
477.0
54.0
954.0
55
27.5
458.3
485.8
55.0
971.7
56
28.0
466.7
494.7
56.0
989.3
57
28.5
475.0
503.5
57.0
1007.0
58
29.0
483.3
512.3
58.0
1024.7
59
29.5
491.7
521.2
59.0
1042.3
60
30.0
500.0
530.0
60.0
1060.0
61
30.5
508.3
538.8
61.0
1077.7
62
31.0
516.7
547.7
62.0
1095.3
63
31.5
525.0
556.5
63.0
1113.0
64
32.0
533.3
565.3
64.0
1130.7
65
32.5
541.7
574.2
65.0
1148.3
66
33.0
550.0
583.0
66.0
1166.0
67
33.5
558.3
591.8
67.0
1183.7
68
34.0
566.7
600.7
68.0
1201.3
69
34.5
575.0
609.5
69.0
1219.0
70
35.0
583.3
618.3
70.0
1236.7
71
35.5
591.7
627.2
71.0
1254.3
72
36.0
600.0
636.0
72.0
1272.0
73
36.5
608.3
644.8
73.0
1289.7
74
37.0
616.7
653.7
74.0
1307.3
75
37.5
625.0
662.5
75.0
1325.0
76
38.0
633.3
671.3
76.0
1342.7
77
38.5
641.7
680.2
77.0
1360.3
78
39.0
650.0
689.0
78.0
1378.0
79
39.5
658.3
697.8
79.0
1395.7
80
40.0
666.7
706.7
80.0
1413.3
81
40.5
675.0
715.5
81.0
1431.0
82
41.0
683.3
724.3
82.0
1448.7
83
41.5
691.7
733.2
83.0
1466.3
84
42.0
700.0
742.0
84.0
1484.0
85
42.5
708.3
750.8
85.0
1501.7
86
43.0
716.7
759.7
86.0
1519.3
87
43.5
725.0
768.5
87.0
1537.0
88
44.0
733.3
777.3
88.0
1554.7
89
44.5
741.7
786.2
89.0
1572.3
90
45.0
750.0
795.0
90.0
1590.0
91
45.5
758.3
803.8
91.0
1607.7
92
46.0
766.7
812.7
92.0
1625.3
93
46.5
775.0
821.5
93.0
1643.0
94
47.0
783.3
830.3
94.0
1660.7
(BM(kg) x 0.5(g/kg))/6% = total treatment beverage (mL)

H = honey, S = sports drink
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Study #2
Helper Directions
Baseline
Each helper will be assigned to one subject and will have the following responsibilities:
1. Arrive at War Memorial Gym (#231) by your scheduled time- PLEASE let me know
ASAP if something comes up so that I can schedule a substitute. I don’t usually
check e-mail after 5:00pm, so cell phone is best (###-###-####).
2. When subject arrives, record subject’s height (nearest 0.5cm) and weight (nearest
0.1kg)- weigh without shoes in t-shirt & shorts (same each week)
3. Collect subject’s food record from the day before unless they e-mail it in
4. Have subjects complete the following forms & notify investigators if subjects answer
“YES” to any questions. If subject answers “NO” to all questions or is cleared by
investigator, proceed to #5.
a. Infection-inflammation
b. Baseline Questionnaire
5. Proceed with blood draw
6. Escort subject downstairs to gym
7. Help instruct subject on how to mix supplement packets
a. 1 packet + 20oz water 2x/d (morning & night- about the same time each day)
b. Subjects need to drink all of beverage and return empty packets the next
week
8. Explain & time subject’s warm-up (15min total)
a. 5min jogging (self-selected pace)
b. Drills
i. From baseline to midcourt & back: high knees, heel flicks
ii. From baseline to midcourt, jog back: walking lunges
c. Dynamic stretching: windmills, twists, good mornings, forward leg swings (10
each leg or total)
d. 3- 30m practice sprints w/walk recovery
e. Rest/stretch for remaining time
f. Give subject a 1min warning & have them make their way to the start line
9. Explain sprint test protocol
a. 12- 30m sprints every 35sec.- begin timing at beginning of each sprint
b. Repeated sprints starting 30cm behind line always starting with the same foot
forward
c. Make sure that the subject DOES NOT lean to far forward and/or cross the
beam with their arm(s)
d. An automated countdown will give a five second warning and signal the
subject to start
e. Subjects give a maximal effort through the far gate and decelerate & walk
back to start in opposite direction
f. IMPORTANT- make sure that subject DOES NOT walk between gate and
reflector during recovery!
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g. Record Rating of Perceived Exertion (RPE) following final sprint & any other
comments from subject
10. Allow subject to cool down; they are free to go if they have no further questions
Sprint Test
Each helper will be assigned to one subject and will have the following responsibilities:
1. Arrive at War Memorial Gym (#231) by your scheduled time- PLEASE let me know
ASAP if something comes up so that I can schedule a substitute. I don’t usually
check e-mail after 5:00pm, so cell phone is best (###-###-####).
2. When subject arrives, record subject’s weight (nearest 0.1kg) each morning- weigh
without shoes in t-shirt & shorts (same each week)
3. Collect subject’s food record from the day before unless they e-mail it in
4. Collect subject’s empty supplement packets from the week before
5. Have subjects complete the following forms & notify investigators if subjects answer
“YES” to any questions on Pre-Test Q. If subject answers “NO” to all questions or is
cleared by investigator, proceed to #4.
a. Pre-Test Questionnaire
b. Hedonic Form
6. Proceed with blood draw (B1) & START STOPWATCH AS SOON AS THEY ARE
DONE!
7. Give subject assigned water bottle and instruct him to drink all of it (allow 15min
before starting warm-up)
8. Escort subject downstairs to gym
9. 15min after B1 start the subject’s warm-up (15min total)
a. 5min jogging (self-selected pace)
b. Drills
i. From baseline to midcourt & back: high knees, heel flicks
ii. From baseline to midcourt, jog back: walking lunges
c. Dynamic stretching: windmills, twists, good mornings, forward leg swings (10
each leg or total)
d. 3- 30m practice sprints w/walk recovery
e. Rest/stretch for remaining time
f. Give subject a 1min warning & have them make their way to the start line
10. Explain sprint test protocol
a. 12- 30m sprints every 35sec.- begin timing at beginning of each sprint
b. Repeated sprints starting 30cm behind line always starting with the same foot
forward
c. Make sure that the subject DOES NOT lean to far forward and/or cross the
beam with their arm(s)
d. An automated countdown will give a five second warning and signal the
subject to start
e. Subjects give a maximal effort through the far gate and decelerate & walk
back to start in opposite direction
f. IMPORTANT- make sure that subject DOES NOT walk between gate and
reflector during recovery!
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g. Record Rating of Perceived Exertion (RPE) following final sprint & any other
comments from subject
11. IMMEDIATELY post-test, escort subject upstairs for B2
12. Begin stopwatch once B2 is taken- subject has 1h before B3
a. Subject may drink ONLY WATER during 1h recovery
b. Subject may shower and rest/relax while waiting but needs to stay within the
building
c. Provide subject with 2nd week’s beverage packets & directions- they are NOT
to begin taking them for 1 week!
d. Give subject a 5min warning before B3
13. Subject is free to leave following B3
14. Please notify Beth before you leave; thanks!
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Sprint Test Set-up
Location: War Memorial Gym (#125)
1. Secure photogates w/wireless antennas on tripods
2. Place one photogate and a reflector facing one another (~5yds apart) centered on a
line ~10yds down-court from the baseline being sure to allow enough room for
subjects to decelerate
3. Measure 30cm behind line the photogates are centered on and mark with a piece of
tape- this will be the start line
4. Measure 30m from photogates and mark with a ~1yd piece of tape
5. Center the remaining photogate and reflector on this line facing one another (~5yds
apart)
6. Measure 30cm beyond this line and mark with a piece of tape- this will be the start
line from the opposite direction
7. Connect the wireless base to the laptop
8. Open the timing software program
9. Press the “ON” button on each photogate and hold until the light turns on. The
photogate will beep if the reflector across from it is not aligned- move the reflector
until the beeping stops.
10. Make sure that the software detects both photogates
*NOTES: If the computer goes into sleep mode, you may need to reset the photogates.
The batteries in the photogates are good for 10-15h before recharging.
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Appendix C
Detailed Lab Methodology
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Hematocrit
1. Fill a capillary tube (blue line-end first) ½ - ¾ full of whole blood. Wipe the end of the
tube to remove any excess blood.
2. Seal the tube with the stopper pad twice
3. Place the capillary tubes (blue line towards the outside) opposite one another in the
hematocrit reader making a note of which numbered slots correspond to which
subject. Close and spin for 3min.
4. When done spinning, line up the blue line of the tube with the reference line and
read values.
Hemoglobin
Company: Stanbio (Boerne, TX)
Spectrophotometric analysis, catalog #0320, 0321, 0325
Procedure
1. Add 5.0mL of reconstituted cyanomethemoglobin (CMH) dilutent powder to
disposable test tubes marked with subject/sample # and reagent blank
2. Pipette 20µL whole blood into sample tube; rinse pipette several times in the
solution, mix well and allow to sit for at least 3min.
3. Transfer to 12x75mm cuvets and read absorbance of sample (AS) vs. reagent blank
(AB) at 540nm within 30min.
4. Calculate hemoglobin concentration (mg/dL) by dividing AS by AS and multiplying by
the concentration of the standard that has the absorbance closes to that of the
sample
Calculating Plasma Volume
Abbreviations:
BVA = blood volume after exercise
BVB = blood volume before exercise = 100
HbB = hemoglobin concentration before execise
HbA = hemoglobin concentration after exercise
HctA = hematocrit concentration after exercise
HctB = hematocrit concentration after exercise
CVA = red cell volume after exercise
CVB = red cell volume before exercise
PVA = plasma volume after exercise
PVB = plasma volume before exercise
Steps:
1. BVA = BVB(HbB/(HbA)
2. CVA = BVA(HctA)
3. PVA = BVA - CVA
4. CVB = BVB(HctB)
5. PVB = BVB – CVB
6. ΔBV% = 100(BVA – BVB)/BVB
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7. ΔCV% = 100(CVA – CVB)/CVB
8. ΔPV% = 100(PVA – PVB)/PVB
Glucose
Company: Stanbio (Boerne, TX)
Quantitative enzymatic calorimetric assay technique, catalog #1071 (reagent) and
#1072 (standard)
Procedure
1. Allow samples and reagents to reach room temperature.
2. Pipet 1.0 mL of reagent into cuvet and use to blank the spectrophotometer at 500
nm.
3. Combine 1.0 mL of reagent with 0.01 mL of standard or sample in appropriately
labeled glass tubes. Mix well.
4. Incubate all tubes at 37°C for 5 min.
5. Transfer tube contents to cuvets in duplicate and read at 500 nm with 15 min.
6. Calculate glucose concentration (mg/dL): (Abs of sample / Abs of standard) x 100
7. Convert mg/dL to mmol/L by dividing concentration by 18.
Insulin
Company: Diagnostic Systems Laboratories, Inc. (Webster, TX)
Enzyme-linked immunoassay (ELISA) technique, catalog #DSL-10-1600
Procedure
1. Allow samples and reagents to reach room temperature.
2. Prepare wash buffer.
3. Pipet 25 µL of standards A – E, controls or samples into microplate wells.
4. Prepare conjugate solution and add 100 µL to each well.
5. Incubate for 1 h at room temperature on a microplate shaker set at 500 rpm.
6. Wash entire plate 5 times with wash buffer. For each wash, decant well contents,
invert plate and rap on paper towels, fill each well with wash buffer, decant contents,
and repeat.
7. Add 100 µL of TMB chromogen solution to each well.
8. Incubate for 10 min at room temperature on a microplate shaker set at 500 rpm;
avoid sunlight.
9. Add 100 µL stop solution to each well.
10. Determine the absorbance of each well within 30 min using a microplate reader set
at 450 nm and a λ correction of 600 or 620 nm.
11. Average the duplicate readings for each standard, control and sample and subtract
the blank absorbance.
12. Use best curve fit for standard curve (mean absorbance vs. concentration), log/log.
Cortisol
Company: Diagnostic Systems Laboratories, Inc. (Webster, TX)
Enzyme-linked immunoassay (ELISA) technique, catalog #DSL-10-2000
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Procedure
1. Allow samples and reagents to reach room temperature.
2. Prepare wash buffer and conjugate solution.
3. Pipet 25 µL of standards A – H, controls or samples into microplate wells.
4. Add 100 µL of conjugate solution to each well and gently agitate for 10 sec.
5. Add 100 µL of cortisol antiserum to each well.
6. Incubate for 45 min at room temperature on a microplate shaker set at 500 rpm.
7. Wash entire plate 5 times with wash buffer. For each wash, decant well contents,
invert plate and rap on paper towels, fill each well with wash buffer, decant contents,
and repeat.
8. Add 100 µL of TMB chromogen solution to each well.
9. Incubate for 10 min at room temperature on a microplate shaker set at 500 rpm.
10. Add 100 µL stop solution to each well and gently agitate for 10 sec.
11. Determine the absorbance of each well within 30 min using a microplate reader set
at 450 nm and a λ correction of 600 or 620 nm.
12. Average the duplicate readings for each standard, control and sample and subtract
the blank absorbance.
13. Use four-parameter curve fit for standard curve (mean absorbance vs.
concentration), linear-log.
Interleukin-6 (IL-6)
Company: R&D Systems (Minneapolis, MN)
High sensitivity quantitative sandwich enzyme-linked immunoassay (ELISA) technique,
catalog #HS600B
Procedure
1. Allow samples and reagents to reach room temperature.
2. Prepare reagents (wash buffer, substrate solution, amplifier solution, and IL-6
standard)
3. Prepare a serial dilution of seven standards from 10 pg/mL to 0.156 pg/mL (10,
5, 2.5, 1.25, 0.625, 0.312, and 0.156 pg⋅mL-1)
4. Add 100 µL assay diluent to each well on the microplate.
5. Add 100 µL standard or sample to each well and cover with an adhesive strip.
6. Incubate for 2 h at room temperature on a microplate shaker set at 500 rpm.
7. Wash entire plate 6 times with wash buffer. For each wash, decant well
contents, invert plate and rap on paper towels, fill each well with wash buffer,
decant contents, and repeat.
8. Add 200 µL IL-6 conjugate to each well and cover with a new adhesive strip.
9. Incubate for 2 h at room temperature on the shaker.
10. Wash plate 6 times.
11. Add 50 µL substrate solution to each well and cover with a new adhesive strip.
12. Incubate for 1 h at room temperature on the benchtop.
13. Add 50 µL amplifier solution to each well and cover with a new adhesive strip.
14. Incubate for 30 min at room temperature on the benchtop
15. Add 50 µL stop solution to each well.
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16. Determine the optical density of each well within 30 min using a microplate
reader set at 490 nm and a λ correction of 650 or 690 nm.
17. Average the duplicate readings for each standard and sample and subtract the
average zero standard optical density.
18. Use best curve fit for standard curve (optical density vs. concentration), log/log.
Interleukin-1 Receptor Agonist (IL-1ra)
Company: R&D Systems (Minneapolis, MN)
Quantitative sandwich enzyme-linked immunoassay (ELISA) technique, catalog
#DRA00
Procedure
1. Allow samples and reagents to reach room temperature.
2. Prepare wash buffer and IL-1ra standard.
3. Prepare a serial dilution of seven standards from 3000 pg/mL to 46.9 pg/mL (3000,
1500, 750, 375, 187.5, 93.8, and 46.9 pg⋅mL-1)
4. Add 50 µL assay diluent to each well on the microplate.
5. Add 200 µL standard, control or sample to each well and cover with an adhesive
strip.
6. Incubate for 2 h at room temperature on the benchtop.
7. Wash entire plate 4 times with wash buffer. For each wash, decant well contents,
invert plate and rap on paper towels, fill each well with wash buffer, decant contents,
and repeat.
8. Add 200 µL IL-1ra conjugate to each well and cover with a new adhesive strip.
9. Incubate for 2 h at room temperature on the benchtop.
10. Prepare substrate solution.
11. Wash plate 4 times.
12. Add 200 µL substrate solution to each well and cover with a new adhesive strip.
13. Protect from light and incubate for 20 min at room temperature.
14. Add 50 µL stop solution to each well.
15. Determine the optical density of each well within 30 min using a microplate reader
set at 450 nm and a λ correction of 540 or 570 nm.
16. Average the duplicate readings for each standard, control and sample and subtract
the average zero standard optical density.
17. Use best curve fit for standard curve (optical density vs. concentration), log/log.
Interleukin-10 (IL-10)
Company: R&D Systems (Minneapolis, MN)
High sensitivity quantitative sandwich enzyme-linked immunoassay (ELISA) technique,
catalog #HS100B
Procedure
1. Allow samples and reagents to reach room temperature.
2. Prepare reagents (wash buffer, substrate solution, amplifier solution, and IL-10
standard)
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3. Prepare a serial dilution of seven standards from 50 pg/mL to 0.78 pg/mL (50, 25,
12.5, 6.25, 3.12, 1.56, and 0.78 pg⋅mL-1)
4. Add 50 µL assay diluent to each well on the microplate.
5. Add 2000 µL standard, control or sample to each well and cover with an adhesive
strip.
6. Incubate for 2 h at room temperature on a microplate shaker set at 500 rpm.
7. Wash entire plate 6 times with wash buffer. For each wash, decant well contents,
invert plate and rap on paper towels, fill each well with wash buffer, soak for 30 sec,
decant contents, and repeat.
8. Add 200 µL IL-10 conjugate to each well and cover with a new adhesive strip.
9. Incubate for 2 h at room temperature on the shaker.
10. Wash plate 6 times.
11. Add 50 µL substrate solution to each well and cover with a new adhesive strip.
12. Incubate for 1 h at room temperature on the benchtop.
13. Add 50 µL amplifier solution to each well and cover with a new adhesive strip.
14. Incubate for 1 h at room temperature on the benchtop
15. Add 50 µL stop solution to each well.
16. Determine the optical density of each well within 30 min using a microplate reader
set at 490 nm and a λ correction of 650 or 690 nm.
17. Average the duplicate readings for each standard and sample and subtract the
average zero standard optical density.
18. Use best curve fit for standard curve (optical density vs. concentration), log/log.
Total Oxygen Radical Absorbance Capacity (ORACTOTAL) Steps
Prepare reagents
1. K2HPO4 (0.75 M)
a. Add 13 g K2HPO4 to 100mL DI H2O
b. Add the powder to a beaker, and add enough DI to dissolve it. Place with stir bar
on plate until fully dissolved, then pour into graduated cylinder and bring up to
100mL total.
2. NaH2PO4 (0.75 M)
a. Add 9 g NaH2PO4 to 100mL DI H2O
b. Same note as above
3. ORAC buffer (O-buffer) - used for all dilutions and blanks
a. Combine the following:
i. 61.1 mL of (0.75 M) K2HPO4
ii. 38.9 mL of (0.75 M) NaH2PO4
iii. 900mL DI H2O
b. Titrate pH to 7.0 +/- 0.05
c. Store at room temperature for up to 6 months
4. Trolox Standard Stock Solution (100 uM)
a. Add 0.0125g (12.5mg) Trolox to 500mL O-buffer.
b. Place on stir plate until dissolved (takes a few minutes)
c. Aliquot into 1.2mL each in amber vials with screw caps
d. Store at -80°C
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5. Fluorescein Solution (10 uM)
a. Add 0.0376 g Fluorescein to 100mL O-buffer  (1 mM) Fluorescein solution
b. Using a 100 mL volumetric flask, add 1mL of (1 mM) Fluorescein solution to
99mL O-buffer  (10 uM) Fluorescein solution
c. Aliquot 0.6mL (10 uM) into amber polypropylene tubes with screw caps
d. Store at -80°
Materials for 1st day of assay:
1. K2HPO4: need 100mL beaker, stir bar, 100mL graduated cylinder
2. NaH2PO4: need 100mL beaker, stir bar, 100mL graduated cylinder
3. Trolox: need 500mL beaker, 500mL graduated cylinder, stir bar, amber bottle,
amber vials to hold 1.2mL
4. Fluorescein: need 2- 100mL volumetric flasks, a 25mL volumetric flask, amber
bottle, foil, parafilm, brown propylene tubes with screw caps to hold 0.6mL
5. Cleaning: 50 mL Falcon tube with either 50% methanol or 70% ethanol
Materials for each day of assay:
1. 15mL Falcon tube (for O-buffer)
2. 15mL Falcon tube (for AAPH solution)
3. Ice bucket to hold reagents and samples
4. 1.5-2.0 mL microcentrifuge tubes
5. 70% ethanol solution
6. 25 mL volumetric flask for fluorescein, foil to cover
Steps to perform day of assay:
1. Turn on microplate reader (else cannot access software- Optima).
2. Make sure the temperature is set to 37degC, so that it can begin warming
3. Turn on water bath or use incubator (37degC), put in 50mL falcon tube with O-buffer
4. Thaw the reagents (aliquots of trolox and fluorescein)
5. Prepare fluorescein working solution (200nM) prepare right before assay – only
good for 1 day
a. Add 0.5 mL (of 10uM) fluorescein to 25mL volumetric flask
b. Add O-buffer up to the 25mL mark
c. Cover with parafilm, mix well, cover with foil to protect from light
6. Prepare samples (thaw, vortex, centrifuge).
a. Make 1:10 dilution by adding 20uL plasma + 180uL O-buffer, vortex
b. Make 1:400 by adding 20uL of the 1:10 to 780uL O-buffer, vortex
7. Prepare Trolox standards (stored in freezer) – remember – these are different for
ORAC total vs. PCA
a. 500 uL 100 uM Trolox + 500 uL O-buffer  50 uM
b. 720 uL 50 uM Trolox + 180 uL O-buffer  40 uM
c. 600 uL 40 uM Trolox + 200 uL O-buffer  30 uM
d. 500 uL 30 uM Trolox + 250 uL O-buffer  20 uM
e. 400 uL 20 uM Trolox + 400 uL O-buffer  10 uM
f. 400 uL 10 uM Trolox + 400 uL O-buffer  5 uM
8. Add 0.575g AAPH directly to a 15mL Falcon tube, keep on ice (to USE in step 12)
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9. Prepare the black 96 well microplate: load 50uL of sample, standard, or blank (Obuffer) according to template
10. Add 100uL of the 200nM fluorescein working solution to each well by multichannel
pipet
11. Place plate into microplate reader
12. Add 6.65 mL pre-incubated O-buffer (from the water bath) into the AAPH and vortex
13. Check plate reader – Temp = 37°C & optic lines appropriate
a. Flush the injection tube with AAPH (speed 115, volume 2500uL)
b. Ensure that fluorescence is selected and select the method – hydrophilic ORAC
c. Enter filename
d. Set GAIN (select a blank well, adjust to 90% of that)
e. For plasma samples, measure 40 cycles = 1 hour, 20 mins
14. After running the assay, ALWAYS clean out the pump and injector head by priming
with 50% methanol 3 times (4500uL), and then prime with 2500uL air 2 times.
Remove the injector head and clean with 50% methanol very carefully – pat with kim
wipes, do NOT scratch head or get methanol into the plate reader.
Additional NOTES:
If the power goes out, (if it even blinks) the program will stop.
You must re-start, re-prime the pump, and go from there.
Protein-Free Oxygen Radical Absorbance Capacity (ORACPCA) Steps
Prepare reagents: same as for ORACTOTAL plus:
1. 0.5 M Perchloric acid (PCA)
a. 7.1757g (70% PCA solution) + 100 mL DIW
2. Protein free plasma
a. 1:1 (heparinized plasma : 0.5 M PCA)
b. Vortex vigorously for 30 seconds
c. Centrifuge at 10-13000 rpm using microcentrifuge for 15 min.
d. Aliquot 50µL of supernatant (use 20µL for assay)
e. Store at -80°C
3. PCA ORAC buffer (make in 15mL blue top Falcon tube): combine
a. 4875 µL of regular O-buffer
b. 125 µL of (0.5 M) PCA
Materials for each day of assay: same as for ORACTOTAL + 15mL Falcon tube to hold
PCA O-buffer
Steps to perform day of assay:
1. Turn on microplate reader (else cannot access software- Optima).
2. Make sure the temperature is set to 37degC, so that it can begin warming
3. Turn on water bath or use incubator (37degC), put in 50mL falcon tube with O-buffer
4. Thaw the reagents (aliquots of trolox and fluorescein)
5. Prepare fluorescein working solution (200nM) prepare right before assay – only
good for 1 day
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a. Add 0.5 mL (of 10µM) fluorescein to 25 mL volumetric flask
b. Add O-buffer up to the 25 mL mark
c. Cover with parafilm, mix well, cover with foil to protect from light
6. Prepare samples (thaw, vortex, centrifuge).
a. If necessary, deproteinate samples as described above
b. Vortex and centrifuge PCA samples before beginning assay
c. Add 20µL protein free plasma + 380µL O-buffer
i. Place 50µL plasma in small clear micro-tubes (for extra aliquot)
ii. Add O-buffer to blue tubes
iii. Add 20µL sample to blue tubes
iv. Mix (vortex) & place on ice
7. Prepare Trolox standards (stored in freezer) – remember – these are different for
ORAC total vs. PCA
a. Use colored micro-tubes
b. Add Trolox last
c. Vortex samples & place vials on ice after each aliquot
i. 500 uL 100 uM Trolox + 475 uL O-buffer + 25 uL of 0.5 M PCA  50 uM
ii. 720 uL 50 uM Trolox + 180 uL PCA O-buffer  40 uM
iii. 600 uL 40 uM Trolox + 200 uL PCA O-buffer  30 uM
iv. 500 uL 30 uM Trolox + 250 uL PCA O-buffer  20 uM
v. 400 uL 20 uM Trolox + 400 uL PCA O-buffer  10 uM
vi. 400 uL 10 uM Trolox + 400 uL PCA O-buffer  5 uM
vii. Blank: PCA O-buffer
8. Add 0.575g AAPH directly to a 15mL Falcon tube, keep on ice (to USE in step 12)
9. Prepare the black 96 well microplate: load 50uL of sample, standard, or blank (Obuffer) according to template
10. Add 100uL of the 200nM fluorescein working solution to each well by multichannel
pipet
11. Place plate into microplate reader
12. Add 6.65mL pre-incubated O-buffer (from the water bath) into the AAPH and vortex
13. Check plate reader – Temp = 37°C & optic lines appropriate
a. Flush the injection tube with AAPH (speed 115, volume 2500uL)
b. Ensure that fluorescence is selected and select the method – hydrophilic ORAC
c. Enter filename
d. Set GAIN (select a blank well, adjust to 90% of that)
e. For plasma samples, measure 40 cycles = 1 hour, 20 mins
14. After running the assay, ALWAYS clean out the pump and injector head by priming
with 50% methanol 3 times (4500uL), and then prime with 2500uL air 2 times.
Remove the injector head and clean with 50% methanol very carefully – pat with kim
wipes, do NOT scratch head or get methanol into the plate reader.
Xanthine Oxidase
Company: Molecular Probes (Eugene, OR)
Amplex® Red Xanthine/Xanthine Oxidase Assay Kit, catalog #A22182
Procedure
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Stock Solution Preparation
1. Reaction Buffer (1x): Add 4mL 5x Reaction Buffer (Component E) to 16mL DI water
in a small beaker.
2. HRP (100U/mL): Dissolve contents of vial of HRP (Component C) in 200µL of 1x
Reaction Buffer. Divide into small aliquots (25µL each) and freeze at -20ºC when
done.
3. XO working solution (10U/mL): Dissolve vial XO (Component F) in 100µL DI water.
Divide into small aliquots (7µL each) and freeze at -20ºC when done.
4. Amplex Red working solution by combining in a 5mL+ conical tube:
a. 50µL Amplex Red reagent stock solution
b. 20µL HRP stock solution
c. 50µL xanthine (Component H)
d. 4.88mL of Reaction Buffer (1x)
XO Assay
1. XO Standard Curve: Dilute 10U/mL XO stock solution to produce concentrations of
0 – 10 mU/mL.
a. Add 5µL XO stock solution to 4.995mL Reaction Buffer.
b. Label tubes 5.0, 2.5, 1.25, 0.625, and 0.3125 mU/mL
c. Add 200µL Reaction Buffer to each tube
d. Add 200µL diluted XO stock solution to 5mU/mL tube and prepare the
remaining dilutions
2. Dilute samples by mixing 60µL of Reaction Buffer and 60µL sample in
microcentrifuge tubes.
3. Prepare positive control:
a. Dilute 25µL H2O2 (~3%) stock solution (Component D) with 975µL DI water in
a microcentrifuge tube. Prepare immediately before use!
b. Dilute 100µL of this H2O2 working solution with 100µL Reaction Buffer in a
microcentrifuge tube.
c. Add 1µL of this diluted working solution to 999µL Reaction Buffer in a
microcentrifuge tube labeled “control”.
4. Amplex Red reagent (10mM): Allow Component A & B to come to room
temperature. Add vial of Amplex Red reagent (Component A) to 100µL DMSO
(Component B). Store remaining solution at -20ºC protected from light.
5. Add 50µL each of standards, controls (negative- Reaction Buffer; positive- diluted
H2O2 working solution) and samples to separate wells of a microplate.
6. Begin reactions by adding 50µL Amplex Red working solution to each microplate
well.
7. Incubate for at least 30min. at 37ºC protected from light.
8. Measure the absorbance in a microplate reader using the range of 530 – 560nm or
absorbance at ~560nm.
9. Subtract background from each data point and use best curve fit for standard curve
(optical density vs. concentration), linear.
Uric Acid
Company: BioAssay Systems (Hayward, CA)
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Quantitative calorimetric uric acid assay, catalog #DIUA-250
Procedure
1. Prepare working reagent by combing 10 parts Reagent A, 1 part Reagent B and 1
part Reagent C in a conical tube
2. Transfer 5µL blank, standard or samples in duplicate to each microplate well.
3. Add 200µL working reagent and tap lightly to mix.
4. Incubate for 30min. at room temperature and use a microplate reader to measure
optical density at 510 – 630nm (peak absorbance at 590nm).
5. Use best curve fit for standard curve (optical density vs. concentration), linear.
Ultraviolet Plate Reader- Measuring Absorbance (e.g. Cortisol)
1.
2.
3.
4.
5.

6.

7.
8.
9.

Turn on UV and sign in (check printer & cables)
Turn on computer
Click on “KC Junior” icon
“Protocol list”
“New Protocol”
a. Name (e.g. “Cortisol/Rankin”), description
b. “Read Method”: endpoint, primary & reference values
c. “Read A1…H12”; “Read Full Plate”
d. “Template” (name wells”
i. “Concentrations” (enter for standards)
1. “Concentration” (ug/dL)
e. “Curve”
i. “Curve Method” (4 parameters)
ii. Check y- & x-axis
iii. Check “Average Standards” & “Extrapolation”
f. “Reports”
i. “Report Banner” (e.g. “Cortisol/Rankin”)
ii. Check “protocol report”, “show temp.”, “show form”, “raw data”, “both”,
“matrix report” (highlight all items in box and add), & “curve report”
Read Plate
a. “Results ID” (e.g. “Cortisol152206”)
b. Read Plate
c. Plate ID (e.g. “Cortisol 52206”)
“Results”; “Print Results”
Save
Shut down computer first then UV
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Appendix D
Institutional Review Board Informed Consent Forms
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Study #1: Collegiate Informed Consent
Virginia Polytechnic Institute and State University
Informed Consent for Participation of Investigative Projects
Project Title: Effect of Carbohydrate Sources on Soccer Performance and Metabolic
Stress
Investigators: Janet W. Rankin, Ph.D. (PI), Elizabeth Abbey, M.A. (PhD Candidate)
I. Purpose: The purpose of this study is to compare the effect of several types of
carbohydrate or water consumption on performance of a varying intensity exercise
performance test. The test is designed to simulate the demands of soccer. In
addition, the effect of the beverages on markers of oxidative stress and inflammation
will be assessed. Oxidative stress can occur during exercise and can damage some
molecules in the body. One of the processes promoted by oxidative stress is
inflammation. Inflammation is the reaction of the body to various stresses including
cellular damage or infection. Strenuous exercise has been shown to increase
oxidative stress and inflammation. Nutrition is one way that may reduce oxidative
stress and inflammation from exercise. We will compare the effects of these
different beverages on performance, oxidative stress, and inflammation.
II. Procedures: Prior to being included in this research study, you will complete a brief
screening questionnaire that will help to determine if you meet our initial selection
criteria (experienced in soccer, healthy, non-smoking, food allergies/sensitivities, not
pregnant, without illness or injury, and available for testing). If you meet the initial
qualifications for the study criteria, you will be invited to attend an informational
session held on the Virginia Tech campus. Experimenters will notify those subjects
who qualify for the study within one week.
If you qualify and you volunteer to participate, you will be asked to cease any
antioxidant supplementation (e.g. vitamins and minerals) and to avoid foods high in
antioxidants 48 hours prior to and the day of the performance tests. During this 48
hour period, you will need to keep a detailed record of the foods that you eat (type
and quantity). We will provide you with specific instructions on what foods should
not be consumed during this time but they include some fruits like oranges, berries
and vegetables like tomatoes. You will be asked to repeat the same diet prior to the
other performance tests (so we know that some variation in your diet is not the
reason for any change in your performance). Baseline measurements will be taken
approximately one week prior to the performance tests and will include body weight
measurement (balance beam scale) and peak aerobic fitness (VO2peak) estimation
via a progressive shuttle run (PSR) test. The PSR test was designed for soccer and
involves repeated 20 m run distances at variable intensity until fatigue. You will then
undergo an abbreviated mock-up of the full performance test as described below to
acquaint you with the expectations of the test.
Approximately one week following the completion of baseline testing, you will
perform the first of three ~ 90 minute performance tests following the consumption of
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one of the randomly assigned treatments. The second and third performance tests
will follow at weekly intervals. Remember that in the 48 hours prior to these tests,
you will need to match your diet to what you ate prior to the first test.
On the morning of the first performance test, you will arrive at the laboratory
(Wallace #229) in a fasted state, having not consumed any food or beverages
(besides water) since 10pm the previous evening. You will also be asked to refrain
from consuming alcohol the evening before the test. The only beverage you may
drink upon waking up is water. A blood sample (about 2 tablespoons) from your arm
will be collected, and you will then drink the assigned treatment beverage. You will
rest for 30 minutes, walk to the Rector Fieldhouse, and begin the exercise protocol.
This performance test will include soccer-specific parts such as zig-zag running and
timed sprinting. In summary, Part A of each test includes a variable intensity (e.g.
walk, jog, sprinting) shuttle running test over a 20 m distance for 45 min., along with
a timed sprint and agility and ball-kicking drills. The pace for each subject will be
designed using an audio signal. A 10 min rest period will follow part A of the test
(simulates half-time), during which you will once again drink the treatment beverage.
The total amount of beverage that you will consume for the performance test (prior
to and during the break) will be ~1.2L. The first 30 min of part B of the test is similar
to part A, but a PSR, as described above, will follow to fatigue and constitute the
performance measure. A second blood sample will be taken within 10 minutes of
the end of the exhaustive bout and a last blood sample 1 h after the exercise test.
To summarize, if you are selected for this study, you understand that your
participation will require approximately 3.5 hours (+/- 30 minutes) of your time for
each of the three performance tests plus about an hour for the baseline testing. You
also understand that you may require more or less time than estimated to complete
each procedure depending on how smoothly things go. You will be expected to
discontinue the use of any vitamin or mineral supplements for the entire duration of
this study and to check with the investigators before any over the counter or
prescription medications are taken. You will arrive at the laboratory fasted for each
performance test and complete the entire protocol each time. You understand that
you will only consume beverages provided by the investigators. If at anytime during
the study there are any changes to your personal health or medical status, or you
experience any unusual symptoms, you understand that you need to inform the
investigators immediately. For example, it is very important that we know if you
become or have recently been ill (e.g. flu) because you should not exercise hard and
this would also influence our results. We will ask you questions prior to each test to
insure that you are not ill. We will also ask you about how you feel at the end of the
performance test (e.g. if your stomach is upset, etc).
III. Risks: There is a remote risk of cardiovascular complications from maximal
exercise testing. The American College of Sports Medicine states that the risk of
death during or immediately after a maximal exercise test is less than 0.01%, and
the risk of myocardial infarction (heart attack) is less than 0.04% (ACSM Guidelines
2000). Since most of the studies that contribute to these statistics have involved
testing subjects at risk of disease, it is likely that that risk will be even lower for the
young, healthy subjects in our study. A 1979 study involving more than 1 million
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exercise tests on athletes reported no fatal or nonfatal complications with testing
(ACSM Guidelines 2000). You will be monitored throughout the performance tests
by the experimenters for signs and symptoms of cardiovascular problems (e.g.
abnormal gait, pale, shortness of breath, angina).
Fatigue, muscle soreness, and muscle strains could result from the exercise
tests. However, the gradual build-up in intensity over the course of the performance
test will decrease the risk of injury. To further minimize this risk, all testing will be
performed on an even, indoor turf surface. You will be closely observed throughout
testing for signs of musculoskeletal strain and will be instructed in an appropriate
warm-down procedure following the performance tests (10-15 min. of mixed jogging
and walking followed by stretching). In the event of an injury, you will be instructed
to terminate the testing procedure immediately and appropriate medical care will be
provided; a first aid kit will be on site at all times. In the case of an emergency, a cell
phone will be on hand at all testing, and appropriate medical personnel will be
contacted. Any costs involved in transportation and/or care for medical help will be
borne by you and not by Virginia Tech.
Blood draws have a minimal risk. Occasionally, a bruise may result from
blood collection procedures with no known detrimental effects to your health or wellbeing. To minimize bruising, a certified medical laboratory technician will draw all
blood samples and universal precautions will be taken in collection and handling of
all blood samples. There is also a small risk of fainting before, during, or after blood
draws. If this occurs, we will have you lay down with your feet slightly elevated. If
you continue to experience problems we will call for medical help.
You understand that all personnel involved in drawing and handling blood
have undergone training for Blood Borne Pathogen Exposure Control administered
by the Environmental Health and Safety Services of the Occupational Health Lab
Safety Division at Virginia Tech or other medical facility. You understand that
precautions will be taken by research personnel during handling of your blood
samples. You further understand that the standard operating procedures set by
Virginia Tech’s governing body will be executed in the event that blood exposure
occurs (blood spilled onto open skin of researcher) in that your blood would then be
tested for HIV and hepatitis to determine exposure to the experimenter. There are
two HIV/AIDS test sites in the area that offer HIV testing. If you are a Virginia Tech
student, you have access to the Schiffert Health Center, otherwise, you must use the
Montgomery County Health Department. You will have the option of an anonymous
test or a confidential test. The confidential test requires that you give your name and
social security number to the testing facility, if you are positive, your name will be
sent to the State Health Department (state law requires this). Your name will remain
confidential, but this will be on your medical record. Both sites require pre-test and
post-test counseling, and you will have to return in person 2 weeks later to get your
results. You will not be allowed to call in for your results. Again, this would occur
only if someone is exposed to your blood; we will do all that we can to insure this
does not occur.
It is possible that you may experience gastrointestinal distress during the
testing. If this is severe you may decide to cease the test. There is also the remote
possibility that you may have a food allergy or sensitivity that is unknown to you. If
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an allergic reaction were to occur, medical personnel would be called immediately.
Again all expenses would be your responsibility and not borne by Virginia Tech. All
drink bottles provided during testing will have been properly cleaned and sanitized
prior to use and between usages.
IV. Benefits: You will be provided with the results of your measurements, if you desire,
including performance test results and markers of oxidative stress and inflammation.
You will be referred to an appropriate health care professional, if necessary, based
on your individual results. For example, if any of your blood values appear to be
above critical guidelines, you will be informed and encouraged to have further
evaluation by your personal physician at your own expense. The general public may
benefit from your participation in this research as new understandings regarding the
role of the treatment intervention on soccer performance and its potential to reduce
oxidative stress and inflammation could be identified.
V. Extent of Anonymity and Confidentiality: Due to the inability to assure
anonymity, you understand that confidentiality of your results will be preserved. You
understand that this means that all of your answers to questions, measurements and
laboratory values will be kept confidential. A code number will be assigned to you.
All questionnaires, data collection sheets, data analysis sheets, blood and storage
containers will be identified by code number only and not by your name. You
understand that a master list of participants’ code numbers will be kept in a locked
filing cabinet separate from completed data, which will also be maintained in a
locked filing cabinet. You further understand that only the investigators of this study
will be allowed access to any data.
VI. Compensation: The VT Soccer Program will be compensated for participation in
this research project. Specifically, $40 will be give for each performance trial that
you complete, and an additional $30 if you finish all three trials. The maximum total
payment for participation in the study is $150/subject.
VII. Freedom to Withdraw: You can withdraw from this study at any time. You are
free to not answer any questions or to not participate in any procedure included in
this study. You understand that there may be circumstances under which the
investigator may determine that you should not continue to participate in this project.
This could include evidence of health risk, injury, or non-compliance to procedures.
VII. Emergency Procedure: If a minor emergency arises during your participation in
this study, you will discontinue your participation and seek care from your personal
physician. If a major emergency arises during your participation in this study,
emergency personnel will be called (911), and they will care for you. Any costs
associated with medical care received or transportation to a medical facility will be at
the expense of the individual, and not Virginia Tech.
IX. Approval of Research: This research project has been approved, as required, by
the Institutional Review Board for Research Involving Human Subjects at Virginia
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Polytechnic Institute and State University and by the Department of Human Nutrition,
Foods and Exercise.
X. Subject’s Responsibilities: You voluntarily agree to participate in this study. You
have the following responsibilities:
1) Follow the low antioxidant diet, as described by the investigators, during the 48
hours prior to each performance test.
2) Match your meals consumed on the day before the first test prior to each other
performance test.
3) Eat/drink no other food/beverages besides water after 10:00pm the evening
before testing, and refrain from consuming alcohol the evening before.
4) Arrive at the laboratory in a fasted state, having consumed no other food or fluid
upon waking besides water.
5) Drink only beverages provided during the testing periods
6) Maintain your weight within 2 pounds through the study
7) Consume no vitamins or mineral supplements during the course of the study
8) Consume all of the dietary treatment provided
9) Allow for measurements to be made (height, weight, VO2peak)
10) Perform all performance tests to completion with maximal effort
11) Allow for blood to be drawn at all time points (just before, immediately following
test, 1 hr post-test)
12) Fully complete any questionnaires provided by the investigators to the best of
your ability
13) Notify the investigators of any changes in health (i.e. illness, injury, etc.) that
occur during the study
VI. Subject’s Permission: You have read and understand the Informed Consent and
conditions of this project. You have had all of your questions answered. You hereby
acknowledge the above and give your voluntary consent for participation in this
project. If you participate, you may withdraw at any time without penalty. You agree
to abide by the rules of this project.

Participant’s Signature

Date

Investigator’s Signature

Date

Should you have any questions about this research or its conduct, you may contact:
Elizabeth Abbey, M.A., Ph.D. Candidate.
(540) 231-7708

Janet W. Rankin, Faculty Advisor
(540) 231-6355
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OR
Dr. David M. Moore, IRB Chair
(540) 231-4991
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Study #1: Non-collegiate Informed Consent
Virginia Polytechnic Institute and State University
Informed Consent for Participation of Investigative Projects
Project Title: Effect of Carbohydrate Sources on Soccer Performance and Metabolic
Stress
Investigators: Janet W. Rankin, Ph.D. (PI), Elizabeth Abbey, M.A. (PhD Candidate)
III. Purpose: The purpose of this study is to compare the effect of several types of
carbohydrate or water consumption on performance of a varying intensity exercise
performance test. The test is designed to simulate the demands of soccer. In
addition, the effect of the beverages on markers of oxidative stress and inflammation
will be assessed. Oxidative stress can occur during exercise and can damage some
molecules in the body. One of the processes promoted by oxidative stress is
inflammation. Inflammation is the reaction of the body to various stresses including
cellular damage or infection. Strenuous exercise has been shown to increase
oxidative stress and inflammation. Nutrition is one way that may reduce oxidative
stress and inflammation from exercise. We will compare the effects of these
different beverages on performance, oxidative stress, and inflammation.
IV. Procedures: Prior to being included in this research study, you will complete a brief
screening questionnaire that will help to determine if you meet our initial selection
criteria (experienced in soccer, healthy, non-smoking, food allergies/sensitivities, not
pregnant, without illness or injury, and available for testing). If you meet the initial
qualifications for the study criteria, you will be invited to attend an informational
session held on the Virginia Tech campus. Experimenters will notify those subjects
who qualify for the study within one week.
If you qualify and you volunteer to participate, you will be asked to cease any
antioxidant supplementation (e.g. vitamins and minerals) and to avoid foods high in
antioxidants 48 hours prior to and the day of the performance tests. During this 48
hour period, you will need to keep a detailed record of the foods that you eat (type
and quantity). We will provide you with specific instructions on what foods should
not be consumed during this time but they include some fruits like oranges, berries
and vegetables like tomatoes. You will be asked to repeat the same diet prior to the
other performance tests (so we know that some variation in your diet is not the
reason for any change in your performance). Baseline measurements will be taken
approximately one week prior to the performance tests and will include body weight
measurement (balance beam scale) and peak aerobic fitness (VO2peak) estimation
via a progressive shuttle run (PSR) test. The PSR test was designed for soccer and
involves repeated 20 m run distances at variable intensity until fatigue. You will then
undergo an abbreviated mock-up of the full performance test as described below to
acquaint you with the expectations of the test.
Approximately one week following the completion of baseline testing, you will
perform the first of three ~ 90 minute performance tests following the consumption of
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one of the randomly assigned treatments. The second and third performance tests
will follow at weekly intervals. Remember that in the 48 hours prior to these tests,
you will need to match your diet to what you ate prior to the first test.
On the morning of the first performance test, you will arrive at the laboratory
(Wallace #229) in a fasted state, having not consumed any food or beverages
(besides water) since 10pm the previous evening. You will also be asked to refrain
from consuming alcohol the evening before the test. The only beverage you may
drink upon waking up is water. A blood sample (about 2 tablespoons) from your arm
will be collected, and you will then drink the assigned treatment beverage. You will
rest for 30 minutes, walk to the Rector Fieldhouse, and begin the exercise protocol.
This performance test will include soccer-specific parts such as zig-zag running and
timed sprinting. In summary, Part A of each test includes a variable intensity (e.g.
walk, jog, sprinting) shuttle running test over a 20 m distance for 45 min., along with
a timed sprint and agility and ball-kicking drills. The pace for each subject will be
designed using an audio signal. A 10 min rest period will follow part A of the test
(simulates half-time), during which you will once again drink the treatment beverage.
The total amount of beverage that you will consume for the performance test (prior
to and during the break) will be ~1.2L. The first 30 min of part B of the test is similar
to part A, but a PSR, as described above, will follow to fatigue and constitute the
performance measure. A second blood sample will be taken within 10 minutes of
the end of the exhaustive bout and a last blood sample 1 h after the exercise test.
To summarize, if you are selected for this study, you understand that your
participation will require approximately 3.5 hours (+/- 30 minutes) of your time for
each of the three performance tests plus about an hour for the baseline testing. You
also understand that you may require more or less time than estimated to complete
each procedure depending on how smoothly things go. You will be expected to
discontinue the use of any vitamin or mineral supplements for the entire duration of
this study and to check with the investigators before any over the counter or
prescription medications are taken. You will arrive at the laboratory fasted for each
performance test and complete the entire protocol each time. You understand that
you will only consume beverages provided by the investigators. If at anytime during
the study there are any changes to your personal health or medical status, or you
experience any unusual symptoms, you understand that you need to inform the
investigators immediately. For example, it is very important that we know if you
become or have recently been ill (e.g. flu) because you should not exercise hard and
this would also influence our results. We will ask you questions prior to each test to
insure that you are not ill. We will also ask you about how you feel at the end of the
performance test (e.g. if your stomach is upset, etc).
III. Risks: There is a remote risk of cardiovascular complications from maximal
exercise testing. The American College of Sports Medicine states that the risk of
death during or immediately after a maximal exercise test is less than 0.01%, and
the risk of myocardial infarction (heart attack) is less than 0.04% (ACSM Guidelines
2000). Since most of the studies that contribute to these statistics have involved
testing subjects at risk of disease, it is likely that that risk will be even lower for the
young, healthy subjects in our study. A 1979 study involving more than 1 million
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exercise tests on athletes reported no fatal or nonfatal complications with testing
(ACSM Guidelines 2000). You will be monitored throughout the performance tests
by the experimenters for signs and symptoms of cardiovascular problems (e.g.
abnormal gait, pale, shortness of breath, angina).
Fatigue, muscle soreness, and muscle strains could result from the exercise
tests. However, the gradual build-up in intensity over the course of the performance
test will decrease the risk of injury. To further minimize this risk, all testing will be
performed on an even, indoor turf surface. You will be closely observed throughout
testing for signs of musculoskeletal strain and will be instructed in an appropriate
warm-down procedure following the performance tests (10-15 min. of mixed jogging
and walking followed by stretching). In the event of an injury, you will be instructed
to terminate the testing procedure immediately and appropriate medical care will be
provided; a first aid kit will be on site at all times. In the case of an emergency, a cell
phone will be on hand at all testing, and appropriate medical personnel will be
contacted. Any costs involved in transportation and/or care for medical help will be
borne by you and not by Virginia Tech.
Blood draws have a minimal risk. Occasionally, a bruise may result from
blood collection procedures with no known detrimental effects to your health or wellbeing. To minimize bruising, a certified medical laboratory technician will draw all
blood samples and universal precautions will be taken in collection and handling of
all blood samples. There is also a small risk of fainting before, during, or after blood
draws. If this occurs, we will have you lay down with your feet slightly elevated. If
you continue to experience problems we will call for medical help.
You understand that all personnel involved in drawing and handling blood
have undergone training for Blood Borne Pathogen Exposure Control administered
by the Environmental Health and Safety Services of the Occupational Health Lab
Safety Division at Virginia Tech or other medical facility. You understand that
precautions will be taken by research personnel during handling of your blood
samples. You further understand that the standard operating procedures set by
Virginia Tech’s governing body will be executed in the event that blood exposure
occurs (blood spilled onto open skin of researcher) in that your blood would then be
tested for HIV and hepatitis to determine exposure to the experimenter. There are
two HIV/AIDS test sites in the area that offer HIV testing. If you are a Virginia Tech
student, you have access to the Schiffert Health Center, otherwise, you must use the
Montgomery County Health Department. You will have the option of an anonymous
test or a confidential test. The confidential test requires that you give your name and
social security number to the testing facility, if you are positive, your name will be
sent to the State Health Department (state law requires this). Your name will remain
confidential, but this will be on your medical record. Both sites require pre-test and
post-test counseling, and you will have to return in person 2 weeks later to get your
results. You will not be allowed to call in for your results. Again, this would occur
only if someone is exposed to your blood; we will do all that we can to insure this
does not occur.
It is possible that you may experience gastrointestinal distress during the
testing. If this is severe you may decide to cease the test. There is also the remote
possibility that you may have a food allergy or sensitivity that is unknown to you. If
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an allergic reaction were to occur, medical personnel would be called immediately.
Again all expenses would be your responsibility and not borne by Virginia Tech. All
drink bottles provided during testing will have been properly cleaned and sanitized
prior to use and between usages.
IV. Benefits: You will be provided with the results of your measurements, if you desire,
including performance test results and markers of oxidative stress and inflammation.
You will be referred to an appropriate health care professional, if necessary, based
on your individual results. For example, if any of your blood values appear to be
above critical guidelines, you will be informed and encouraged to have further
evaluation by your personal physician at your own expense. The general public may
benefit from your participation in this research as new understandings regarding the
role of the treatment intervention on soccer performance and its potential to reduce
oxidative stress and inflammation could be identified.
V. Extent of Anonymity and Confidentiality: Due to the inability to assure
anonymity, you understand that confidentiality of your results will be preserved. You
understand that this means that all of your answers to questions, measurements and
laboratory values will be kept confidential. A code number will be assigned to you.
All questionnaires, data collection sheets, data analysis sheets, blood and storage
containers will be identified by code number only and not by your name. You
understand that a master list of participants’ code numbers will be kept in a locked
filing cabinet separate from completed data, which will also be maintained in a
locked filing cabinet. You further understand that only the investigators of this study
will be allowed access to any data.
VI. Compensation: You will be compensated for participation in this research project.
Specifically, you will be given $40 for each performance trial that you complete, and
an additional $30 if you finish all three trials. The maximum total payment for
participation in the study is $150.
VII. Freedom to Withdraw: You can withdraw from this study at any time. You are
free to not answer any questions or to not participate in any procedure included in
this study. You understand that there may be circumstances under which the
investigator may determine that you should not continue to participate in this project.
This could include evidence of health risk, injury, or non-compliance to procedures.
VII. Emergency Procedure: If a minor emergency arises during your participation in
this study, you will discontinue your participation and seek care from your personal
physician. If a major emergency arises during your participation in this study,
emergency personnel will be called (911), and they will care for you. Any costs
associated with medical care received or transportation to a medical facility will be at
the expense of the individual, and not Virginia Tech.
IX. Approval of Research: This research project has been approved, as required, by
the Institutional Review Board for Research Involving Human Subjects at Virginia
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Polytechnic Institute and State University and by the Department of Human Nutrition,
Foods and Exercise.
X. Subject’s Responsibilities: You voluntarily agree to participate in this study. You
have the following responsibilities:
14) Follow the low antioxidant diet, as described by the investigators, during the 48
hours prior to each performance test.
15) Match your meals consumed on the day before the first test prior to each other
performance test.
16) Eat/drink no other food/beverages besides water after 10:00pm the evening
before testing, and refrain from consuming alcohol the evening before.
17) Arrive at the laboratory in a fasted state, having consumed no other food or fluid
upon waking besides water.
18) Drink only beverages provided during the testing periods
19) Maintain your weight within 2 pounds through the study
20) Consume no vitamins or mineral supplements during the course of the study
21) Consume all of the dietary treatment provided
22) Allow for measurements to be made (height, weight, VO2peak)
23) Perform all performance tests to completion with maximal effort
24) Allow for blood to be drawn at all time points (just before, immediately following
test, 1 hr post-test)
25) Fully complete any questionnaires provided by the investigators to the best of
your ability
26) Notify the investigators of any changes in health (i.e. illness, injury, etc.) that
occur during the study
VI. Subject’s Permission: You have read and understand the Informed Consent and
conditions of this project. You have had all of your questions answered. You hereby
acknowledge the above and give your voluntary consent for participation in this
project. If you participate, you may withdraw at any time without penalty. You agree
to abide by the rules of this project.

Participant’s Signature

Date

Investigator’s Signature

Date

Should you have any questions about this research or its conduct, you may contact:
Elizabeth Abbey, M.A., Ph.D. Candidate.
(540) 231-7708

Janet W. Rankin, Faculty Advisor
(540) 231-6355
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OR
Dr. David M. Moore, IRB Chair
(540) 231-4991
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Study #2 Informed Consent
Virginia Polytechnic Institute and State University
Informed Consent for Participation of Investigative Projects
Project Title: Effect of Quercetin Supplementation on Repeated Sprint Performance
and Metabolic Stress
Investigators: Janet W. Rankin, Ph.D. (PI), Elizabeth Abbey, M.A. (PhD Candidate)
V. Purpose: The purpose of this study is to test the value of a compound called
quercetin on sprint performance and signs of bodily stress following strenuous
exercise. Quercetin is a compound found naturally in many plant foods such as
apples, onions, broccoli and tea. Some studies have shown that it may reduce risk
of cancer, improve the immune system, and participate as an antioxidant. Strenuous
exercise, such as repeated sprinting, can increase markers in the blood that indicate
metabolic stress. These compounds may damage body tissues and reduce exercise
performance and recovery. We want to determine whether quercetin affects
performance of repeated sprints. In addition, we will examine whether quercetin
consumption affects metabolic stress after the exercise.
VI. Procedures: Prior to being included in this research study, you will complete a brief
screening questionnaire that will help to determine if you meet our initial selection
criteria (trained in a team sport, 18 – 30 years old, healthy, non-smoking, without
illness or injury, not taking antioxidant supplements (e.g. vitamins C & E, beta
carotene, or multi-vitamins) and available for testing). If you meet the initial
qualifications for the study criteria, you will be invited to attend an informational
session held on the Virginia Tech campus. Experimenters will notify those subjects
who qualify for the study within one week of a preliminary informational meetings.
If you qualify, volunteer, and are selected to participate, you will undergo
baseline measurements (body weight and height and a blood draw from a trained
medical technician. This will immediately be followed by a familiarization trial of the
repeated sprint test (RST) to acquaint you with the expectations of the test. The
RST involves repeated 40-meter sprints (see below). You will then receive a
supplement, in beverage form, which you will consume every day for seven days.
This supplement might contain quercetin or it may be a placebo (dummy drink).
During the 24-hour period prior to testing (the seventh day of supplementation), you
will be asked to follow a standardized diet and will keep a detailed record of the
foods that you eat (type and quantity). We will provide you with specific instructions
on what foods should/should not be consumed during this 24-hour period (e.g. fresh
fruits, vegetables, and tea). You will also be asked to abstain from exercise for 24
hours, alcohol and caffeine for the previous 12 hours and only drink water during the
8 hours prior to the morning test. In other words, you should not eat any food or
beverage except water the evening prior to your RST through that morning. We will
give you an exact time to cease food consumption once we schedule your morning
RST.
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Following completion of the first RST, you will have one week without a treatment
supplement, though you must continue to abstain from vitamin/mineral supplements.
After this week, you will return to the lab, where we will give you another treatment
supplement, and you will follow the same protocol as above.
On the day of the first performance test, you will arrive at the laboratory, as
before, without having eaten anything or having done any exercise that morning.
Prior to the RST, a trained medical technician will take a blood sample (about 3
tablespoons) from your arm using a needle. You will drink a final dose of the
supplement beverage and then be allowed to rest for a few moments before walking
to the testing site. Upon arrival, you will begin a standardized 15-minute warm-up of
jogging, static and dynamic stretching, and practice sprints. The protocol will consist
of 12- 30-meter sprints every 35 seconds. You will be asked to give a maximal effort
for each sprint and will continue until the investigators indicate that you may stop.
We will ask you how you feel after each sprint. Immediately following the final sprint,
a second blood sample will be taken and then a final sample 1h post-test. You may
drink water between the second and third blood samples.
To summarize, if you are selected for this study, you understand that your
participation will require approximately 2 hours (+/- 30 minutes) of your time for each
RST (4 hours for the 2 trials combined), plus about 1 hour for the familiarization trial.
You also understand that you may require a bit more or less time than estimated to
complete each procedure depending on how smoothly things go. You will arrive at
the laboratory after eating a standardized diet for the 24 hours prior to each
performance test and complete the entire protocol each time. You will be expected
to discontinue the use of any vitamin or mineral supplements for entire study and
abstain from exercise for 24 hours, alcohol and caffeine for the previous 12 hours
and only drink water during the 8 hours prior to the test. If at anytime during the
study there are any changes to your personal health or medical status, or you
experience any unusual symptoms, you understand that you need to inform the
investigators immediately. For example, it is very important that we know if you
become or have recently been ill (e.g. flu) because you should not do strenuous
exercise when you are ill. In addition, this may prevent you from giving a maximal
effort, and the illness would influence our results. We will ask you questions prior to
each test to insure that you are not ill. We will also ask you about how you feel at
the end of the performance test (e.g. if your stomach is upset, how fatigued are you,
etc). The entire study, baseline measurements to the final RST, will last a total of
three weeks.
III. Risks: There is a remote risk of cardiovascular complications from maximal
exercise testing. The American College of Sports Medicine states that the risk of
death during or immediately after a maximal exercise test is less than 0.01%, and
the risk of myocardial infarction (heart attack) is less than 0.04% (ACSM Guidelines
2000). Since most of the studies that contribute to these statistics have involved
testing subjects at risk of disease, it is likely that that risk will be even lower for the
young, healthy subjects in our study. A 1979 study involving more than 1 million
exercise tests on athletes reported no fatal or nonfatal complications with testing
(ACSM Guidelines 2000). You will be monitored throughout the performance tests

175

by the experimenters for signs and symptoms of cardiovascular problems (e.g.
abnormal gait, pale, shortness of breath, angina).
Fatigue, nausea, muscle soreness, and muscle strains could result from the
exercise tests. However, the warm-up prior to the test will decrease the risk of
injury. To further minimize this risk, all testing will be performed on an even turf
surface that has been inspected for your safety. You will be closely observed
throughout testing for signs of musculoskeletal strain. In the event of an injury, you
will be instructed to terminate the testing procedure immediately and appropriate
medical care will be provided. In the case of an emergency, a cell phone will be on
hand at all testing, and appropriate medical personnel will be contacted. Any costs
involved in transportation and/or care for medical help will be borne by you and not
by Virginia Tech.
Blood draws have a minimal risk. Occasionally, a bruise may result from
blood collection procedures with no known detrimental effects to your health or wellbeing. To minimize bruising, a certified medical laboratory technician will draw all
blood samples and universal precautions will be taken in collection and handling of
all blood samples. There is also a small risk of fainting before, during, or after blood
draws. Please notify investigators of any history of fainting and/or lightheadedness
with blood draws. If you do faint, we will have you lay down with your feet slightly
elevated. If you continue to experience problems we will call for medical help.
You understand that all personnel involved in drawing and handling blood
have undergone training for Blood Borne Pathogen Exposure Control administered
by the Environmental Health and Safety Services of the Occupational Health Lab
Safety Division at Virginia Tech or other medical facility. You understand that
precautions will be taken by research personnel during handling of your blood
samples. You further understand that the standard operating procedures set by
Virginia Tech’s governing body will be executed in the event that blood exposure
occurs (blood spilled onto open skin of researcher or a needle stick) in that your
blood would then be tested for HIV and hepatitis to determine exposure to the
experimenter. There are two HIV/AIDS test sites in the area that offer HIV testing. If
you are a Virginia Tech student, you have access to the Schiffert Health Center,
otherwise, you must use the Montgomery County Health Department. You will have
the option of an anonymous test or a confidential test. The confidential test requires
that you give your name and social security number to the testing facility, if you are
positive, your name will be sent to the State Health Department (state law requires
this). Your name will remain confidential, but this will be on your medical record.
Both sites require pre-test and post-test counseling, and you will have to return in
person 2 weeks later to get your results. You will not be allowed to call in for your
results. Again, this would occur only if someone is exposed to your blood; we will do
all that we can to insure this does not occur.
Quercetin has been marketed in the United States as a dietary supplement
with recommended daily doses above the level used in this study. The quercetin
supplement has been shown to be safe for human consumption and has been used
in other research studies in the same dose for longer periods without any reported
side effects.
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IV. Benefits: The results of this study will help to determine whether this quercetin
supplement affects performance and metabolic stress following repeated sprints.
You will be provided with the results of your measurements, if you desire, including
performance test results and markers of oxidative stress and inflammation. You will
be referred to an appropriate health care professional, if necessary, based on your
individual results. For example, if any of your blood values appear to be above
critical guidelines, you will be informed and encouraged to have further evaluation by
your personal physician at your own expense. The general public may benefit from
your participation in this research as new understandings regarding the role of the
treatment intervention on repeated sprint performance and its potential to reduce
oxidative stress could be identified.
V. Extent of Anonymity and Confidentiality: Due to the inability to assure
anonymity, you understand that confidentiality of your results will be preserved. You
understand that this means that all of your answers to questions, measurements and
laboratory values will be kept confidential. A code number will be assigned to you.
All questionnaires, data collection sheets, data analysis sheets, blood and storage
containers will be identified by code number only and not by your name. You
understand that a master list of participants’ code numbers will be kept in a secure
filing cabinet separate from completed data, which will also be maintained in a
secure location. You further understand that only the investigators of this study will
be allowed access to any data.
VI. Compensation: You will be compensated for participation in this research project.
You will be given a $15 gift card for the familiarization trial and each experimental
trial that you complete with an additional $15 if you complete the study, for a
maximum of $60.
VII. Freedom to Withdraw: You can withdraw from this study at any time. You are
free to not answer any questions or to not participate in any procedure included in
this study. You understand that there may be circumstances under which the
investigator may determine that you should not continue to participate in this project.
This could include evidence of health risk, injury, or non-compliance to procedures.
VII. Emergency Procedure: If a minor emergency arises during your participation in
this study, you will discontinue your participation and seek care from your personal
physician. If a major emergency arises during your participation in this study,
emergency personnel will be called (911), and they will care for you. Any costs
associated with medical care received or transportation to a medical facility will be at
the expense of the individual, and not Virginia Tech.
IX. Approval of Research: This research project has been approved, as required, by
the Institutional Review Board for Research Involving Human Subjects at Virginia
Polytechnic Institute and State University and by the Department of Human Nutrition,
Foods and Exercise.
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X. Subject’s Responsibilities: You voluntarily agree to participate in this study. You
have the following responsibilities:
1) Attend a familiarization trial 1 week before the RST
2) Consume NO supplements (except for the beverage that we provide) for the
entire study (3-week period)
3) Allow for measurements to be made (i.e. height, weight, and blood draws)
4) Consume both treatment supplements, provided by the investigators, everyday
for 7 days each
5) Follow a standardized diet during the 24 hours prior to the RST
6) Abstain from alcohol and caffeine for at least 12 hours and food and drink
besides water for 8 hours pre-test
7) Complete all forms and questionnaires to the best of your knowledge
8) Perform a standardized warm-up as instructed by the investigators
9) Perform the RST to completion with maximal effort
10) Allow for blood to be drawn at all time points (at baseline measurements, just
prior to the RST, immediately following the RST, 1 hr post-RST).
11) Notify the investigators of any changes in health (i.e. illness, injury, etc.) that
occur during the study
VI. Subject’s Permission: You have read and understand the Informed Consent and
conditions of this project. You have had all of your questions answered. You hereby
acknowledge the above and give your voluntary consent for participation in this
project. If you participate, you may withdraw at any time without penalty. You agree
to abide by the rules of this project.

Participant’s Signature

Date

Investigator’s Signature

Date

Should you have any questions about this research or its conduct, you may contact:
Elizabeth Abbey, M.A., Ph.D. Candidate.
(540) 250-6221
eabbey@vt.edu

Janet W. Rankin, Faculty Advisor
(540) 231-6355
jrankin@vt.edu

OR
Dr. David M. Moore, IRB Chair
(540) 231-4991
moored@vt.edu
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Appendix F
Questionnaires and Subject Forms used for Study #1
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Initial Screening Form

The purpose of this pilot study is to test the reliability of a soccer-specific performance
field test and involves repeated blood samplings. You must be an experienced, healthy,
currently training, young soccer player, available for 2-3 hours at a time, and a U.S.
citizen (we cannot pay non-citizens for Visa purposes but will accept volunteers who do
not desire compensation).
Please answer the following questions to the best of your ability, so that we may assess
whether you may be a potential participant in our research study.
1. Name _____________________________
2. How many years have you played soccer competitively (i.e. school or club)?
_________________________________
3. Are you currently a member of a competitive team? If so, in what form (i.e. high
school, collegiate, club)? _______________________________________________
4. How many days/week and hours/day do you practice/compete?
___________________________________________________________________
5. What position do you play? ________________________
6. How tall are you? ___________________________
7. How much do you weigh? _________________________
8. Do you smoke cigarettes or use any tobacco products?
______________________________
9. Do you have any known chronic diseases or conditions (i.e. diabetes, cardiovascular
disease, asthma, lupus, etc.)?
__________________________________________________________
10. Do you have chronic or acute injuries that may affect your athletic performance?
___________________________________________________________________
11. Are you taking any prescription or over the counter medications (including
supplements)? If so, please explain.
___________________________________________________________
12. Are you allergic to or have a sensitivity to any food? If yes, please list all
_____________________________
13. What dates will you be in Blacksburg this summer? __________________________
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SUPPLEMENTARY QUESTIONS
Food Habits and Allergies
1. Are you allergic to any foods? ____ If yes, which ones?

2. Are you on any kind of special diet? ____ If so, what kind?

3. Do you take any dietary supplements? ____ If so, what kind and how often?

4. Has your weight been stable over the past year?____ past 3 months?_____
If you have not been weight-stable, how has it changed? Please explain.

Comfort with procedures
5. Do you have a fear of needles or having blood withdrawn?
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Subject Testing Checklist
Duration of the study (from baseline testing to the completion of trial #3):
 Cease all vitamin/mineral or performance enhancing supplementation
 Maintain your weight within 2 pounds
48 hours before testing (Friday morning on):
 Follow the low antioxidant diet, as described in the “Low-Flavonoid Diet” handout.
 Begin keeping track of the food you eat and your exercise on the “Diet Record”
and “Activity Record” handouts.
24 hours before testing (Saturday morning on):
 Match your meals consumed on the day before the first test prior to each other
performance test.
Saturday evening:
 Do not consume any alcoholic beverages.
10:00pm Saturday evening:
 Do not eat/drink any food/beverages besides water.
6:15-6:30am Sunday morning
 Arrive at the laboratory (Wallace #229) in a fasted state, having consumed no
other food or fluid upon waking besides water.
 All for height and weight measurements to be taken
 Complete all questionnaires/forms provided by the investigators
 All for blood to be drawn 30 min. prior to the performance test
 Consume all of the dietary treatment provided by the investigators
Notify the investigators of any changes in health (i.e. illness, injury, etc.)
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Subject # ________

Trial # __________
ACTIVITY RECORD
(24 hours prior to day of trial)

DATE

TIME

ACTIVITY

DURATION
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INTENSITY

COMMENTS

Pre-test Activity and Fatigue Questionnaire
SUBJECT
CODE #:

BEVERAGE
CODE:

DATE: _________________

TRIAL #:

TIME: 30 min. Pre-

ACTUAL TIME: _________________

Test

On a scale of 1 – 5 (3 being the same) please circle the number that best indicates how you
feel right now COMPARED TO THE PREVIOUS TRIAL(S).
Please be sure to answer all questions.
Much less tired

1

2

3

4

5

Much more tired

Much less muscle soreness

1

2

3

4

5

Much more
muscle soreness

On a scale of 1 – 5 (3 being the same) please circle the number that best indicates how your
physical activity and diet during the last 48 hours COMPARED TO THE PREVIOUS TRIAL(S).
Much less physical activity

1

2

3

4

5

Much more physical
activity

Same diet

1

2

3

4

5

Very different diet

Have you experienced any illness or change in health since the previous trial(s)? If so,
explain.___________________________________________________________________________
__________________________________________________________________________________
__________________________________________________________________________________
COMMENTS:___________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
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Post-test GI Questionnaire
SUBJECT
CODE #:

BEVERAGE
CODE:

DATE: _________________

TRIAL #:

TIME: Immediately

ACTUAL TIME: _________________

Post-Test

On a scale of 0 – 5 please circle the number that best indicates HOW YOU FEEL RIGHT NOW.
Please be sure to answer all questions.

Not Tired

0

1

2

3

4

5

Very Tired

No Muscle
Soreness

0

1

2

3

4

5

Severe Muscle
Soreness

No Nausea

0

1

2

3

4

5

Severe Nausea

No Flatulence

0

1

2

3

4

5

Severe Flatulence

Not Lightheaded

0

1

2

3

4

5

Very Lightheaded

Not At All Thirsty

0

1

2

3

4

5

Very Thirsty

On a scale of 0 – 5 please circle the number that best indicates HOW YOU FEEL RIGHT NOW
compared to the end of a typical 90 min. soccer match.
Less Tired

0

1

2

3

4

5

More Tired

COMMENTS:___________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
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Subject # ____________
Soccer Test Exit Survey
Please answer all questions truthfully and thoroughly.
1. Did you give a maximal effort on all performance trials? _______ If not, for which
trial(s) did you not give a maximal effort? _________________________________
2. Did you match your diet as closely as possible in the 24 hours prior to each trial?
___________ If not, which trial(s)? _______________________________________
3. Did you know what the different treatment beverages were? If so, I thought :
Trial 1 was ___________________________
Trial 2 was ___________________________
Trial 3 was ___________________________
4. Were you well informed of the testing procedures and risks prior to participation? If
not, please explain.
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
5. Was the testing carried out in a safe and professional manner? If not, please
explain.
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
6. Any additional comments regarding your experience as a subject in this study?
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
Thank you for your participation in this study! Please contact Elizabeth Abbey at
vtsoccertest@yahoo.com with any further questions or comments.
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Subject # ___________
Initial Screening Form
This study involves comparing the effects of supplements consumed for a week prior to
a repeated sprint test and having multiple blood samplings. You must be a healthy
male, 18 – 30 years old with experience playing team sports (e.g. soccer, basketball,
lacrosse, etc.), currently training, available for 2.5 hours at a time, and a U.S. citizen (we
cannot pay non-citizens for Visa purposes but will accept volunteers who do not desire
compensation).
Please answer the following questions to the best of your ability, so that we may assess
whether you may be a potential participant in our research study.
1. What experience do you have playing sports? What sport(s), for how long, and at
what level(s) (high school, college club, collegiate, etc.)? ______________________
______________________________________________________________________
______________________________________________________________________
______________________________________________________________________
2. Are you currently a member of a competitive team? If so, in what form (i.e.
collegiate, club)? _____________________________________________________
3. If you are not currently a member of a competitive team, how long (in years) has it
been since you were competing? ________________________________________
In the following table, please indicate what exercise you do (e.g. running, basketball,
weight lifting, elliptical machine, etc.), how often and how long you do it, and, if
applicable, the distance that you covered. PLEASE BE SPECIFIC!
Type of Exercise
Days/week
Duration/session
Distance Covered
(minutes)
(miles)

4. How tall are you (in feet/inches)? ____________________
5. How much do you weigh (in lbs)? _____________________
6. Do you smoke cigarettes or use any tobacco products? _______________________
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7. Do you have any known chronic diseases or conditions (i.e. diabetes, cardiovascular
disease, asthma, lupus, etc.)? ___________________________________________
8. Do you have chronic or acute injuries that may affect your athletic performance? If
so, please explain. ____________________________________________________
___________________________________________________________________
___________________________________________________________________
9. Are you taking any prescription or over the counter medications (including
supplements)? If so, please explain. _____________________________________
10. Are you allergic to or have a sensitivity to any food(s)? If yes, please list all.
___________________________________________________________________
___________________________________________________________________
11. Are you on any kind of special diet? If so, what kind? ________________________
12. Has your weight been stable over the past year? _______ The past 3 months?
____________ If you have not been weight stable, how has it changed? Please
explain. ____________________________________________________________
___________________________________________________________________
13. Do you have a fear of needles or having blood withdrawn? ____________________
Please fill out the following schedule for the spring of 2008. Indicate with an
“X” those times you have classes, work, etc. that you CANNOT be involved in
study activities):
Time
Mon
Tues
Wed
Thurs
Fri
Sat
Sun
6:00-7:00am
7:00-8:00
8:00-9:00
9:00-10:00
10:00-11:00
11:00-12:00
12:00-1:00pm
1:00-2:00
2:00-3:00
3:00-4:00
4:00-5:00
5:00-6:00
6:00-7:00
7:00-8:00
Any explanation required for above _________________________________________
______________________________________________________________________
______________________________________________________________________
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SUBJECT CHECKLIST- FRIDAY TESTING
Thursday:
• Stop taking any supplements or multivitamins for THE ENTIRE study (3 weeks).
• No exercise besides normal daily activities. If you regularly commute by bike, that is
okay, as long as it’s low-intensity.
• Follow low-flavonoid diet (see attached sheet); especially avoid apples, onions &
tea.
• Keep a record of all food AND beverages (including water) that you consume during
the day on the attached food log- BE SPECIFIC!
• No caffeine or alcohol 12 hours before you are scheduled to arrive in the lab on
Friday.
• No food or drink besides water 8 hours before you are schedule to arrive in the lab.
Friday:
• Arrive at War Memorial Gym room #231 (upstairs) at your scheduled time. You will
not be able to leave during the testing, so make sure that you park in a designated
area where you will not get ticketed!
• Be sure to bring your completed food record or e-mail it to me (eabbey@vt.edu) that
day.
• Be ready to give a maximal effort for every sprint!
• Pick up your week’s worth of supplement packets and water bottles before you
leave.
Supplement Week:
• Mix one supplement packet with 20oz. water in water bottle provided and drink
2x/day in the morning and again in the evening. Be sure to drink at about the same
time each day.
• Eat your usual diet; no major deviations.
• Maintain your usual level of physical activity; no major deviations.
Contact Information:
• Contact me ASAP if you have any changes in your health (e.g. illness or injury) or an
emergency arises that may affect your participation in the study. I check e-mail
sporadically in the summer and usually not after 5pm, so please call me at ###-####### if you need an immediate response. Thank you for you participation in this
study!
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Subject # _____________

Trial # ___________

Date _________________

PRE-TEST QUESTIONNAIRE
1. Did you eat any of the foods on this list (show the subject the low-flavonoid diet
form) during the last 24 hours? ______ If so, which foods? ____________________
___________________________________________________________________
___________________________________________________________________
2. In the last 8 hours, have you consumed anything besides water? ______ If so, what
did you eat/drink? ____________________________________________________
3. In the last 12 hours have you consumed alcohol and/or caffeine? _______________
If so, what? _________________________________________________________
4. In the last 24 hours, have you exercised? __________
If so, what did you do? ________________________________________________
5. Since the beginning of the study, have you consumed any supplements besides the
beverages we have given you? _____________ If so, what? __________________
___________________________________________________________________
6. Have you had any cold or flu-like symptoms such as a fever, chills, a sore throat,
cough, sputum, sneezing, runny nose, ear pain, nausea, or vomiting since the
familiarization trial? ____ If so, what and when? _____________________________
7. Have you had any other infections, illness, or health issues since the familiarization
trial? ___ If so, what and when? _________________________________________
8. Have you experienced any abnormal soreness, muscle pain or fatigue since the last
familiarization trial? _______ If so, what and when? __________________________
9. Are there any other changes in your health that you believe the investigators should
be aware of? ________________________________________________________
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Post-test Subjective Questionnaire
SUBJECT
CODE #:

BEVERAGE
CODE:

TRIAL #:

DATE: _________________

TIME POST-TEST: ______________

On a scale of 0 – 5 please circle the number that best indicates HOW YOU FEEL RIGHT NOW.
Please be sure to answer all questions.

Not Tired

0

1

2

3

4

5

Very Tired

No Muscle
Soreness

0

1

2

3

4

5

Severe Muscle
Soreness

No Nausea

0

1

2

3

4

5

Severe Nausea

No Flatulence

0

1

2

3

4

5

Severe Flatulence

Not Lightheaded

0

1

2

3

4

5

Very Lightheaded

Not At All Thirsty

0

1

2

3

4

5

Very Thirsty

COMMENTS:___________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
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Subject # ____________
Sprint Study Exit Survey
Please answer all questions truthfully and thoroughly.
10. Did you give a maximal effort on all performance trials? ________ If not, for which
trial(s) did you not give a maximal effort? __________________________________
11. Did you match your diet as closely as possible in the 24 hours prior to each trial?
______ If not, which trial(s)? ____________________________________________
12. Did you eat or drink anything besides water in the 8 hours prior to each trial? ______
If not, which trial(s) and what did you eat/drink? _____________________________
___________________________________________________________________
13. Did you consume alcohol and/or caffeine in the 12 hours prior to each trial? _______
If not, which trial(s) and what did you drink? ________________________________
14. Did you know what the different treatment beverages were? If so:
Trial 1 was ______________________
Trial 2 was ______________________
15. Did you exercise in the 24 hours prior to each trial? __________ If so, what did you
do? _______________________________________________________________
16. Were you well informed of the testing procedures and risks prior to participation? If
not, please explain. ___________________________________________________
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
17. Was the testing carried out in a safe and professional manner? If not, please
explain. ____________________________________________________________
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
18. Any additional comments regarding your experience as a subject in this study?
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
Thank you for your participation in this study! Please contact Elizabeth Abbey at
eabbey@vt.edu with any further questions or comments.

196

Appendix H
Questionnaires and Subject Forms used for Studies #1 and #2

197

PERSONAL, MEDICAL AND EMERGENCY CONTACT INFORMATION
Name: _________________________________
Age: ________

Birth Date: ___________ E-mail: __________________________

Address: ______________________________________________________________
Phone Number(s): Home: ___________________ Cell:_________________________
Person to Contact in Case of an Emergency: __________________________________
Relationship: _________________________

Phone: __________________________

Primary Care Physician: ____________________

Phone: ____________________

Medical Insurance Carrier: ________________________________________________
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Subject # _______
MEDICAL HISTORY
Please indicate any current or previous conditions or problems you have experienced or
have been told by a physician you have had:
Yes
No
Heart disease or any heart problems:
______
______
Rheumatic Fever:
______
______
Respiratory disease or breathing problems
(e.g. asthma):
______
______
Circulation problems:
______
______
Kidney disease or problems:
______
______
Urinary problems:
______
______
Musculoskeletal problems:
______
______
(i.e. Orthopedic injuries, osteoporosis)
Fainting and Dizziness:
______
______
High Cholesterol:
______
______
Diabetes:
______
______
Thyroid problems:
______
______
Mental illness:
______
______
Hypoglycemia:(i.e. low blood sugar)
______
______
Epilepsy or seizures:
______
______
Blood clotting problems (e.g. hemophilia):
______
______
Anemia
______
______
Liver disorders (e.g. hepatitis B)
______
______
Rheumatoid arthritis
______
______
Lupus
______
______
Crohn’s Disease
______
______
If you answered “yes” to any of the previous questions, please indicate the date and
describe:
______________________________________________________________________
______________________________________________________________________
______________________________________________________________________
______________________________________________________________________
Please list any hospitalizations/operations/recent illnesses (type/date):
______________________________________________________________________
______________________________________________________________________
______________________________________________________________________
______________________________________________________________________
Please list all medications (prescription and over-the-counter) you are currently taking or
have taken in the past week: ______________________________________________
______________________________________________________________________
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For what reason(s) are you taking this medication?
______________________________________________________________________
______________________________________________________________________
______________________________________________________________________
Health Habits
Do you ever faint, experience shortness of breath or chest discomfort with exertion?
_______
If “yes”, please explain: __________________________________________________
_____________________________________________________________________
Are there any orthopedic limitations you have that may restrict your ability to perform
exercise and if “yes”, please explain:
______________________________________________________________________
______________________________________________________________________
Family History
Has anyone in your family been diagnosed or treated for any of the following?
Heart attack
Heart disease
High blood pressure
Stroke
Kidney disease
Diabetes

Yes
____
____
____
____
____
____

No
____
____
____
____
____
____
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Relationship
__________
__________
__________
__________
__________
__________

Age
____
____
____
____
____
____

Subject # ________

Trial # __________
FOOD RECORD

Please keep track of each food item that you eat as soon after eating as possible. If
you are eating a combination item (e.g. sandwich, casserole, etc.), break it down into
the individual ingredients and estimate the quantity of each ingredient in servings or
cooking measurements (e.g. cups, TBSP, tsp, etc.) to the best of your ability. Please be
as specific as possible.
DATE

TIME

FOOD

Low-Flavonoid Diet:
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QUANTITY

The purpose of this diet is to eliminate any foods that have a high antioxidant content
that could interfere with our results.
We understand that some of these foods may be ones that you enjoy. We will do our
best to help you find a temporary substitute for the duration of the study.
Foods/Beverages to be avoided include:
Fruits:
Berries: Blueberries, blackberries, strawberries, raspberries, cranberries
(any berries!)
Apricots
Apples
Grapes
Nectarines
Peaches
Pears
Plums
Citrus Fruits: Oranges, Grapefruit, Clementine, Tangerines, Lemon/Lime
Dried fruits: raisins, dates, prunes, blueberries, cranberries, apricots
Vegetables:
Onions (note: please avoid adding onions to your foods we realize there may be a little
in mixed foods that you ingest)
Carrots (small amount in mixed foods okay)
Tomato (sauces or fresh)
Broccoli
Brussels Sprouts
Turnip Greens
Beverages:
Fruit Juices: Grape, grapefruit, lemon, orange, cranberry (any cocktails), Apple, V-8™
Wine (hard liquor and beer are okay)
Teas: Black and Green
Diet Supplements:
Slim Fast, Carnation Instant Breakfast/Bars, Atkins products, etc.
If you have any questions about a food, any doubt about whether not you should eat it,
please contact us before you consume the food!!!
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Subject # __________

Trial # _________

INFECTION/INFLAMMATION QUESTIONNAIRE
Evaluator Script: I would like you to think if you had a cold, the flu, a dental infection or
other infection during the past month. I am going to ask you about some symptoms that
may have accompanied those types of conditions.
1) Did you have a cold, the flu, a dental infection or other infection in the past month?
( ) Yes ( ) No

( ) Refused

If yes, ( ) Within 1 week

( ) Don't Know

( ) 2 weeks prior ( ) 3 weeks prior ( ) 4 weeks

prior
In the prior month did you experience any of the following symptoms? [Note to
examiner: If symptom was present, the timing of symptom onset and resolution (# days)
prior to interview is recorded. If symptom is still present on the day of interview, place 0
in "Resolved___days ago".]
2) Did you feel feverish or have a fever?

( ) Yes

( ) No

If Yes, Symptom Started ___days ago. Resolved_____days ago.
Did you take your temperature?
3) Chills?

( ) Yes

( ) Yes

( ) No

If Yes, Started____days ago. Resolved____days ago.
4) Sore throat ?

( ) Yes

( ) No

If Yes,.Started____days ago. Resolved____days ago.
5) Coughing?

( ) Yes

( ) No

If Yes, Started____days ago. Resolved____days ago.
6) Sputum?

( ) Yes

( ) No

If Yes,.Started____days ago. Resolved____days ago.
7) Sneezing?
( ) Yes
( ) No
If Yes, Started____days ago. Resolved____days ago.
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( ) No

8) Runny nose or nasal congestion?

( ) Yes

( ) No

If Yes, Started____days ago. Resolved____days ago.
If Yes to (5), (6), (7), or (8).
Do you have seasonal allergies?

( ) Yes

( ) No

Do you have a chronic lung or sinus condition?

( ) Yes

( ) No

If Yes, are these symptoms typical for your chronic lung or sinus condition?
( ) Yes

( ) No

9) Ear pain or discharge?

( ) Yes

( ) No

If Yes, Started____days ago. Resolved____days ago.
10) Run-down feeling or achy muscles you feel may have been due to a cold or flu?
( ) Yes

( ) No

If Yes, Started____days ago. Resolved____days ago.
11) Tooth/Gum pain?

( ) Yes

( ) No

If Yes, Started____days ago. Resolved____days ago.
If Yes, did you seek dental care?

( ) Yes

( ) No

If Yes, did a Dentist find a cavity or other dental infection?
( ) Yes

( ) No

12) Mouth/gum ( Y N ), Skin ( Y N ), or Joint ( Y N ) redness or swelling?
If Yes, Started____days ago. Resolved____days ago.
13) Skin infection?

( ) Yes

( ) No

If Yes, Started____days ago. Resolved____days ago.
14) Nausea/Vomiting?

( )Yes

( )No

If Yes, Started____days ago. Resolved____days ago.
15) Diarrhea?

( )Yes

( )No

If Yes, Started____days ago. Resolved____days ago.
16) Pain upon urination or urgency?

( )Yes
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( )No

If Yes, Started____days ago. Resolved____days ago.
17) Cloudy discolored urine?
Urinalysis showing evidence of infection?

( )Yes

( )No

( )Yes

( )No

If Yes, Started____days ago. Resolved____days ago.
18) Did you seek medical care for any sort of cold, flu, or infection in the prior month?
( )Yes

( )No

If yes, diagnosis given
19) Did you take any over the counter or prescription medications for a cold, flu, or any
infection in the prior month?
( )Yes

( )No

If yes, names of medication
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Hedonic Questionnaire
SUBJECT
CODE #:

BEVERAGE
CODE:

TRIAL #:

DATE: _________________

TIME: _________________

Rate the beverage that you drank today on a scale of 0 – 5. Please be sure to answer all
questions.

Not Sweet

0

1

2

3

4

5

Very Sweet

No Flavor

0

1

2

3

4

5

Strong Flavor

0

1

2

3

4

5

No Aftertaste

0

1

2

3

4

5

Strong Aftertaste

Tastes Bad

0

1

2

3

4

5

Tastes Good

Did Not Quench
Thirst

0

1

2

3

4

5

Quenched Thirst

Would Not Choose
to Drink Again

0

1

2

3

4

5

Would Choose
to Drink Again

Grainy Texture

Smooth Texture

COMMENTS:___________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
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PERFORMANCE TEST DATA SHEET
Date: _________________
Trial #: ___________

Subject #: _______

Weight (kg): ____________

Location: Rector Fieldhouse

Beverage Code: __________
Height (cm): ____________

Temp (ºC)/Humidity: _________________________

*10 min. warm-up: 3min. jogging without soccer ball; 4min. jogging with soccer ball;
3min. stretching & final instructions
Block
Activity
Time Time/Accuracy
Comments
1
Mini-Block (3x)
7:45
1
Break
:45
1
Sprint (240yds)
1
Break
:45
1
Agility Drill
1
Break
:45
1
Ball-kicking Drill (6s
:42
b/t balls)
1
Break
1:00
HR=
RPE=
1
Total Time
2
2
2
2
2
2
2
2
2
3
3
3
3
3
3
3
3
3

Mini-Block (3x)
Break
Sprint (240yds)
Break
Agility Drill
Break
Ball-kicking Drill (6s
b/t balls)
Break
Total Time

7:45
:45
:45
:45
:42
1:00

Mini-Block (3x)
7:45
Break
:45
Sprint (240yds)
Break
:45
Agility Drill
Break
:45
Ball-kicking Drill (6s
:42
b/t balls)
Break
10:00
Total Time
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HR=

RPE=

HR=

RPE=

4
4

Mini-Block (3x)
Break

4
4
4
4
4

Sprint (240yds)
Break
Agility Drill
Break
Ball-kicking Drill (6s
b/t balls)
4
Break
4
Total Time
Block
Activity
5
Mini-Block (3x)
5
Break
5
Sprint (240yds)
5
Break
5
Agility Drill
5
Break
5
Ball-kicking Drill (6s
b/t balls)
5
Break
5
Total Time
PSR
Subject

Level

Shuttle

7:45
:45
:45
:45
:42
1:00

HR=

Time Time/Accuracy
7:45
:45

RPE=
Comments

:45
:45
:42
1:30

HR

HR=

Estimated
VO2max
(ml/kg/min)

RPE=

Comments
HR=

RPE=

Additional Comments: ____________________________________________________
______________________________________________________________________
______________________________________________________________________
______________________________________________________________________
______________________________________________________________________
______________________________________________________________________
Time from Blood Draw #2 to lab delivery: ______________
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Sprint Test
Subject # _________

Trial # ________

Date _____________

Weight (nearest 0.1kg) _________________
Food Record (circle one): Turned In

E-mailed

Forgot

Rating of Perceived Exertion (circle one number):
0 – Nothing at all
1 – Very light
2 – Fairly light
3 – Moderate
4 – Somewhat hard
5 – Hard
6
7 – Very hard
8
9
10 – Very, very hard
Additional comments: ___________________________________________________
______________________________________________________________________
______________________________________________________________________

210

Appendix J
Summaries of Statistical Analyses

211

Table J.1 One-way Analysis of Variance for macronutrient intake in Study #1
Measure

Group
p-value
Kcal
0.348
%Carbohydrate
0.512
%Protein
0.624
%Fat
0.824
Group: Honey (H), sports drink (S), or placebo (P)

Post-hoc

Table J.2 Repeated Measures Analysis of Variance summary for dependent soccer
performance measures in Study #1
Measure
High Intensity Run
post-hoc
Agility Test
post-hoc
Ball-shooting Test
post-hoc
RPE
post-hoc

Group
p-value
0.199
0.432

Time
p-value
0.000
T1 < T2 – T5
0.358

0.739

0.606

Group x Time
p-value
0.363
0.012
No interaction found
with post-hoc
0.579

0.542

0.000
0.223
T2 > T1
T3 > T1 & T2
T4 > T1
T5 > T1, T2 & T4
T6 > T1 – T5
Group: Honey (H), sports drink (S), or placebo (P)
Time: Blood samples taken pre-test, immediately post-test, 1h-post (B1, B2, B3)
RPE = rating of perceived exertion
Table J.3 One-way Analysis of Variance summary for dependent soccer performance
measures and plasma volume in Study #1
Measure

Group
p-value
0.909
0.948
0.010

Post-hoc

Change in HIR
%change in HIR
PSR time compared to
H & P > Base
Baseline
No diff b/t S & B
Plasma volume (%)
0.060
Group: Baseline (Base), honey (H), sports drink (S), or placebo (P)
Time: Blood samples taken pre-test, immediately post-test, 1h-post (B1, B2, B3)
HIR = high intensity run, PSR = progressive shuttle run
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Table J.4 Repeated Measures Analysis of Variance Summary for dependent blood
measures in Study #1
Measure

Group
p-value
0.677

Time
p-value
0.005
B2 > B3 > B1
0.081

Group x Time
p-value
0.633

Glucose
post-hoc
Insulin
0.615
0.090
post-hoc
Cortisol
0.638
0.109
0.165
post-hoc
Group: Honey (H), sports drink (S), or placebo (P)
Time: Blood samples taken pre-test, immediately post-test, 1h-post (B1, B2, B3)
Table J.5 Repeated Measures Analysis of Variance Summary for cytokine
concentrations in Study #1 normalized to pre-test values
Measure
IL-6
post-hoc
IL-1ra
post-hoc

Group
p-value
0.891
0.015
S&P>H

Time
p-value
0.001
B2 > B3 > B1
0.000
B2 & B3 > B1

Group x Time
p-value
0.764
0.022
S > H at B2; P > H
at B3
0.259

IL-10
0.320
0.009
post-hoc
B2 > B1 & B3
Group: Honey (H), sports drink (S), or placebo (P)
Time: Blood samples taken pre-test, immediately post-test, 1h-post (B1, B2, B3)

Table J.6 Repeated Measures Analysis of Variance Summary for ORAC in Study #1
Measure

Group
p-value
0.340

Time
Group x Time
p-value
p-value
ORACtotal
0.000
0.800
post-hoc
B2 & B3 > B1
ORACPCA
0.643
0.000
0.949
post-hoc
B2 & B3 > B1
Group: Honey (H), sports drink (S), or placebo (P)
Time: Blood samples taken pre-test, immediately post-test, 1h-post (B1, B2, B3)
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Table J.7 One-way Analysis of Variance for macronutrient intake in Study #2
Measure

Group
Post-hoc
p-value
Kcal
0.768
%Carbohydrate
0.077
Trend for Q < P-S
%Protein
0.069
Trend for Q > P-S
%Fat
0.975
Group: Pre-supplementation (P-S), Quercetin (Q), or placebo (P)
Table J.8 Repeated Measures Analysis of Variance Summary for mean sprint times in
Study #2
Measure
Mean sprint
post-hoc

Group
p-value
0.916

Time
p-value
<0.001
S9 – S12 > S1 & S2
S11 > S1 – S4

Group x Time
p-value
0.995

Group: Quercetin (Q), or placebo (P)
Time: Sprints 1 – 12 (S1 – S12)
Table J.9 Paired t-tests for dependent sprint performance measures in Study #2
Measure

Group
p-value
%FD
0.017
Fastest Sprint
0.132
RPE
0.430
Group: Quercetin (Q), or placebo (P)

Post-hoc
Q>P

Table J.10 Repeated Measures Analysis of Variance Summary for dependent blood
measures in Study #2 normalized to pre-test values
Measure

Group
p-value
0.254

Time
p-value
<0.001
B2 > B3 > B1
<0.001
B2 > B1 > B3
<0.001
B2 > B3 > B1

Group x Time
p-value
0.664

IL-6
post-hoc
XO
0.673
0.592
post-hoc
Uric Acid
0.864
0.974
post-hoc
Group: Quercetin (Q), or placebo (P)
Time: Blood samples taken pre-test, immediately post-test, 1h-post (B1, B2, B3)
XO = xanthine oxidase
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Table J.11 One-way Analysis of Variance for dependent blood measures in Study #2Pre-supplementation compared to pre-test
Measure

Group
p-value
IL-6
0.753
XO
0.613
Uric Acid
0.621
Group: Quercetin (Q), or placebo (P)
XO = xanthine oxidase

Post-hoc
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Table K.1 Anthropometrics for Study #1
Subject #

Age (yr)

Weight (kg)

Height (m)

BMI (kg-1·m2)

Estimated
VO2max (ml·kg1
·min-1)
7
30
84.4
1.800
26.0
57.1
8
22
83.4
1.850
24.4
50.8
11
21
66.7
1.770
21.3
54.3
12
25
77.2
1.785
24.2
47.4
13
21
68.8
1.705
23.7
46.8
14
22
68.4
1.700
23.7
55.4
15
20
73.3
1.755
23.8
46.8
16
22
68.8
1.735
22.9
50.2
17
18
72.1
1.740
23.8
43.3
18
24
76.9
1.855
22.3
48.7
Mean±
22.5
74.0
1.770
22.6
50.1
1.0
2.0
1.707
0.4
1.4
SEM
BMI = body mass index, VO2max = maximal oxygen consumption estimated from beep
test, SEM = standard error mean
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Table K.2 Energy intake (kcal) from 2-d food records for Study #1
Subject #
H
S
P
7
* 1811.6 1719.1
8
1755.6 2726.5 2829.9
11
1805.2 1381.9 2525.4
12
1836.5 2366.1 2007.9
13
*
* 1774.0
14
3045.3 2126.8 2166.6
15
1584.1 1516.3 2367.9
16
930.4 2259.9 1988.6
17
2276.1 2693.6 2036.9
18
1883.9 2218.3 2218.4
Mean
1889.6 2122.3 2163.5
±SEM
212.4 157.7 107.5
Group: Honey (H), sports drink (S), or placebo (P)
SEM = standard error mean
*Missing data point
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Table K.3 % Macronutrient intake from 2-d food records for Study #1
Subject # H%C H%P H%F S%C S%P S%F P%C P%P P%F
7
*
*
* 39.8 22.3 38.8 43.3 20.7 38.6
8
47.4 12.9 39.3 33.0 18.3 48.3 39.6 17.9 42.5
11
45.5 25.6 29.2 37.4 24.2 39.8 45.1 22.6 33.7
12
45.9 24.9 20.1 40.4 23.8 18.0 67.5 13.6 20.3
13
*
*
*
*
*
* 42.7 14.1 23.5
14
49.2 16.7 35.8 56.8 16.4 29.2 53.4 18.4 27.9
15
46.0 20.0 35.2 43.5 21.6 35.4 42.6 21.6 37.0
16
49.0 13.0 39.7 39.7 19.4 17.7 51.9 17.7 31.8
17
46.5 19.3 35.6 58.9 18.6 24.9 50.8 17.6 31.5
18
42.0 15.9 43.8 38.4 18.0 44.8 29.7 30.6 40.0
Mean
46.4 18.5 34.8 43.1 20.3 33.0 46.7 19.5 32.7
±SEM
0.8
1.7
2.6
2.9
0.9
3.7
3.2
1.5
2.3
Group: Honey (H), sports drink (S), or placebo (P)
Measure: %carbohydrate (%C), %protein (%P), or %fat (%F)
SEM = standard error mean
*Missing data point

219

Table K.4 HIR times (sec) for Study #1
Group
H

Subject #
7
8
11
12
13
14
15
16
17
18

T1
T2
44.5
46.3
42.1
46.6
42.8
43.2
36.5
38.7
55.0
61.2
43.6
49.3
42.8
65.4
45.1
64.6
52.0
56.7
38.2
46.8
Mean±
44.3
51.9
3.0
3.0
SEM
S
7
44.0
44.8
8
40.9
43.9
11
41.0
45.7
12
38.1
38.8
13
46.9
54.9
14
43.4
45.5
15
44.8
46.4
16
41.4
45.4
17
45.4
51.4
18
40.6
46.9
Mean±
42.7
46.4
0.8
1.4
SEM
P
7
47.0
48.5
8
40.5
46.7
11
38.0
44.0
12
38.1
41.8
13
42.0
47.0
14
46.5
50.8
15
33.8
38.9
16
41.8
52.4
17
43.2
59.7
18
38.3
41.9
Mean±
40.9
47.2
1.3
1.9
SEM
Group: Honey (H), sports drink (S), or placebo (P)
Time: Performance blocks (T1 – T5)
HIR = high intensity run, SEM = standard error mean

220

T3
43.2
50.5
45.6
38.9
62.5
49.8
66.2
45.3
59.5
44.7
50.6
2.9
44.3
45.8
47.3
40.7
57.7
44.7
47.7
43.9
58.0
46.0
47.6
1.8
49.0
52.1
48.0
42.4
51.0
52.4
41.4
52.7
54.6
42.7
48.6
1.5

T4
47.0
51.9
45.9
40.9
65.9
46.9
66.1
51.4
52.0
42.5
51.1
2.8
46.7
46.8
50.6
43.0
53.5
45.5
43.0
45.5
54.1
46.1
47.5
1.3
50.4
52.7
49.8
41.3
51.0
49.0
39.5
51.1
51.8
39.7
47.6
1.7

T5
46.5
48.9
46.4
41.6
65.2
51.6
68.1
53.4
53.0
42.3
51.7
2.8
47.3
49.7
50.2
40.2
54.6
46.4
56.0
45.3
57.4
45.7
49.3
1.7
52.2
51.5
46.9
42.0
51.0
49.1
38.9
52.4
50.5
40.8
47.5
1.6

Table K.5 Agility times (sec) for Study #1
Group
H

Subject #
7
8
11
12
13
14
15
16
17
18

T1
T2
94.6
95.5
103.0
109.0
106.6
106.5
99.5
101.5
124.6
126.4
103.5
107.5
115.1
124.2
119.9
106.4
126.2
142.8
116.0
122.1
Mean±
107.9
111.1
3.5
4.5
SEM
S
7
97.9
100.2
8
105.0
108.0
11
109.6
111.7
12
99.7
100.3
13
108.4
111.0
14
105.1
99.2
15
105.7
109.0
16
104.5
104.6
17
132.1
141.3
18
122.2
125.1
Mean±
107.9
110.5
3.3
4.1
SEM
P
7
93.6
97.9
8
112.4
104.5
11
122.3
127.9
12
106.6
112.0
13
96.0
97.0
14
98.0
111.3
15
109.0
112.0
16
105.0
121.0
17
132.0
149.2
18
112.0
116.7
Mean±
106.9
112.3
3.8
4.9
SEM
Group: Honey (H), sports drink (S), or placebo (P)
Time: Performance blocks (T1 – T5)
SEM = standard error mean
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T3
97.3
114.0
105.5
104.6
155.0
103.2
115.4
109.0
131.1
118.8
111.7
5.3
99.5
97.0
105.8
103.0
103.0
97.0
94.7
108.4
122.3
124.3
105.7
3.3
96.0
110.3
124.6
102.0
103.0
101.6
113.0
126.0
150.0
116.1
112.8
5.1

T4
95.1
112.0
109.1
109.4
121.6
102.6
120.4
118.6
141.2
123.4
112.6
4.0
96.0
104.0
119.8
103.3
109.0
96.8
96.6
100.3
107.0
124.7
106.9
3.1
98.8
112.7
129.5
105.0
100.0
108.0
108.0
122.0
127.3
115.5
111.3
3.4

T5
90.5
113.0
104.6
96.6
127.4
94.5
109.2
118.3
127.8
119.4
108.8
4.2
112.9
123.7
132.6
120.1
105.0
93.9
98.4
116.4
109.3
121.3
112.5
3.8
96.4
113.6
126.9
110.0
101.0
101.1
105.0
114.0
128.8
115.3
110.9
3.4

Table K.6 Ball-shooting (%made) for Study #1
Group
H

Subject #
7
8
11
12
13
14
15
16
17
18

T1
T2
62.5
50.0
100.0
62.5
75.0
50.0
37.5
62.5
37.5
37.5
37.5
75.0
75.0
87.5
62.5
37.5
37.5
12.5
0.0
62.5
Mean±
52.5
53.8
8.9
6.7
SEM
S
7
62.5
87.5
8
50.0
62.5
11
37.5
37.5
12
37.5
75.0
13
37.5
62.5
14
50.0
75.0
15
62.5
87.5
16
75.0
62.5
17
37.5
50.0
18
37.5
25.0
Mean±
48.8
62.5
4.4
6.5
SEM
P
7
75.0
100.0
8
100.0
62.5
11
12.5
37.5
12
62.5
62.5
13
50.0
75.0
14
62.5
75.0
15
50.0
87.5
16
50.0
62.5
17
12.5
25.0
18
75.0
50.0
Mean±
55.0
63.8
8.6
7.1
SEM
Group: Honey (H), sports drink (S), or placebo (P)
Time: Performance blocks (T1 – T5)
SEM = standard error mean
*Missing data point
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T3
87.5
87.5
50.0
50.0
62.5
50.0
62.5
75.0
*
12.5
53.8
9.1
75.0
87.5
62.5
25.0
50.0
75.0
25.0
87.5
62.5
50.0
60.0
7.2
87.5
87.5
50.0
62.5
50.0
50.0
75.0
37.5
25.0
62.5
58.8
6.5

T4
87.5
87.5
37.5
62.5
75.0
75.0
75.0
87.5
12.5
12.5
61.3
9.4
62.5
50.0
75.0
62.5
62.5
87.5
25.0
75.0
37.5
37.5
57.5
6.2
37.5
87.5
62.5
37.5
50.0
50.0
37.5
50.0
50.0
37.5
15.6
4.9

T5
62.5
75.0
37.5
87.5
37.5
100.0
37.5
25.0
37.5
37.5
53.8
8.1
62.5
75.0
62.5
37.5
87.5
37.5
12.5
50.0
62.5
62.5
55.0
6.8
87.5
75.0
62.5
50.0
62.5
62.5
50.0
62.5
87.5
62.5
66.3
4.2

Table K.7 PSR times (min) for Study #1
Subject #
B
H
S
P
7
12.3 11.5 11.5 7.2
8
10.4 8.2 9.3 7.3
11
11.5 8.3 6.4 9.0
12
9.4 9.3 9.3 8.0
13
9.3 5.3 7.3 9.3
14
11.9 10.5 10.3 5.8
15
9.3 5.3 11.3 9.3
16
10.3 7.1 9.4 6.3
17
8.2 4.2 4.4 4.2
18
9.8 7.5 7.3 7.3
Mean± 10.2 7.7 8.7 7.4
0.4 0.7 0.7 0.5
SEM
Group: Honey (H), sports drink (S), or placebo (P)
Time: Performance blocks (T1 – T5)
PSR = progressive shuttle run test to exhaustion, SEM = standard error mean
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Table K.8 RPE values for Study #1
Group
H

Subject
#
7
8
11
12
13
14
15
16
17
18

T1

T2

T3

T4

T5

Final

7
7
7
7
7
8
6
8
8
7
8
8
6
6
5
7
7
8
7
7
8
8
8
8
7
8
8
8
9
9
7
7
8
7
9
*
8
9
9
10
10
10
8
10
10
10
10
10
8
9
*
9
9
*
8
9
9
8
8
9
Mean±
7.6
8.2
8.4
8.3
8.8
9.1
0.4
0.4
0.5
0.4
0.3
0.3
SEM
S
7
6
7
7
7
7
9
8
7
8
8
8
8
8.5
11
7
7
9
8
9
8
12
6
7
8
8
7
*
13
7
8
8
8
9
10
14
5
7
7
7
7
9
15
6
7
7.5
8
8.5
9.5
16
7
8
10
9
10
10
17
8
5
8
8
8
6
18
8
8
9
9
9
9
Mean±
7.1
7.7
8.5
8.3
8.6
8.9
0.4
0.4
0.3
0.3
0.4
0.4
SEM
P
7
5
6
6
7
7
7
8
7
8.5
9
8
8
9
11
7
8
8
7
8
9
12
6
7
7
7
8
8
13
7
8
8
8
9
10
14
6
7
7
7
8
8
15
6
7
8
8
8
9.5
16
8
10
10
10
10
10
17
8
10
10
10
10
10
18
7
9
9
8
8
9
Mean±
7.2
8.3
8.5
8.2
8.6
9.1
0.4
0.4
0.4
0.4
0.3
0.3
SEM
Group: Honey (H), sports drink (S), or placebo (P)
Time: Performance blocks (T1 – T5) and post-PSR (Final)
RPE= rating of perceived exertion, PSR = progressive shuttle run test to exhaustion,
SEM = standard error mean
*Missing data point
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Table K.9 Hemoglobin concentrations (mg/dL) for Study #1
Subject #
H1
H2
H3
S1
S2
S3
P1
P2
P3
7
14.43 15.78 14.06 13.45 14.32 13.49 14.14 14.98 14.57
8
15.16 16.21 15.58 14.70 14.66 15.08 14.69 15.04 15.09
11
12.89 13.99 14.13 13.55 13.99 13.29 12.57 14.13 13.00
12
13.70 15.78 14.41 13.52 14.76 13.60 13.87 14.76 13.79
13
12.73 13.23 12.03 15.33 15.52 14.69 15.13 14.83 14.03
14
12.63 13.46 12.35 13.54 13.67 12.95 12.51 12.67 12.87
15
12.58 13.58 12.71 13.31 14.00 12.60 13.62 14.79 14.02
16
12.64 13.21 12.73 13.36 13.32 12.83 13.72 14.58 14.02
17
12.09 12.80 12.04 13.34 13.55 12.99 14.23 14.35 13.04
18
13.37 14.43 13.79 12.77 13.88 13.14 12.52 13.29 12.81
Mean± 13.22 14.25 13.38 13.69 14.17 13.47 13.70 14.34 13.72
0.30 0.39 0.37 0.24 0.21 0.26 0.29 0.25 0.25
SEM
Group: Honey (H), sports drink (S), or placebo (P)
Time: Blood draws pre-test (1), immediately post-test (2) and 1h-post test (3)
SEM = standard error mean
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Table K.10 Hematocrit (% red blood cells) for Study #1
Subject # H1
H2
H3
S1
S2
S3
P1
P2
P3
7
43.5 47.5 45.0 43.5 44.8 42.8 46.8 48.8 48.3
8
48.0 50.0 48.8 48.0 47.3 46.3 46.8 47.8 47.5
11
42.0 44.0 43.5 44.0 44.5 44.3 39.8 44.5 41.5
12
40.8 45.0 44.5 44.3 45.0 45.0 45.0 45.0 44.8
13
43.5 44.0 39.8 46.5 47.8 46.0 48.3 50.0 47.8
14
41.5 43.8 42.3 43.5 42.5 43.3 42.0 42.5 44.0
15
42.5 45.0 41.3 44.0 49.0 45.0 42.3 45.3 43.0
16
42.5 42.8 42.5 44.0 46.5 44.0 45.8 46.8 45.8
17
41.5 44.3 40.8 46.0 45.3 45.5 47.3 48.5 47.0
18
45.8 49.5 46.0 44.0 46.5 44.0 41.3 45.0 43.5
Mean± 43.2 45.6 43.5 44.8 45.9 44.6 44.5 46.4 45.3
0.7 0.8 0.9 0.5 0.6 0.4 0.9 0.7 0.7
SEM
Group: Honey (H), sports drink (S), or placebo (P)
Time: Blood draws pre-test (1), immediately post-test (2) and 1h-post test (3)
SEM = standard error mean
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Table K.11 Plasma volume (%) for Study #1
Subject # H
S
P
7
-15.04 -8.33 -9.17
8
-10.12
1.62 -4.18
11
-11.12 -4.06 -17.99
12
-19.46 -9.87 -6.30
13
-4.65 -3.64 -1.63
14
-9.88
0.79 -2.10
15
-11.42 -13.65 -12.73
16
-4.87 -4.42 -7.79
17
-10.07 -0.34 -3.11
18
-13.67 -12.17 -11.78
Mean± -11.03 -5.41 -7.68
1.40
1.70
1.68
SEM
Group: Honey (H), sports drink (S), or placebo (P)
SEM = standard error mean
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Table K.12 Glucose concentrations (mmol/dL) for Study #1
Subject # H1
H2
H3
S1
S2
S3
P1
P2
P3
#
#
7
5.28 7.07 5.56 5.39 7.81 5.46 4.75 5.23 4.56
8
4.44 4.69 4.52 4.70 4.38 4.59 5.12 5.06 4.00
11
4.88 5.12 4.25 4.78 6.36 4.32 5.03 5.18 4.45
12
5.10 #8.95 4.39 4.63 7.64 3.44 4.71 #6.86 4.49
13
4.66 4.14 4.17 5.15 4.79 4.05 4.43 6.05 4.31
14
4.52 4.42 4.04 5.21 5.44 4.14 4.87 4.30 4.96
15
4.70 4.52 4.16 4.72 4.95 4.52 4.46 5.06 4.19
16
4.81 6.53 3.79 4.68 5.12 4.23 4.48 4.99 4.83
17
4.84 4.83 4.72 4.31 4.33 4.07 5.12 5.78 4.05
18
4.82 6.95 3.24 4.96 5.79 3.87 4.65 4.38 3.60
Mean± 4.81 5.72 4.28 4.85 5.66 4.27 4.76 5.29 4.34
0.08 0.50 0.19 0.10 0.40 0.17 0.08 0.24 0.13
SEM
Group: Honey (H), sports drink (S), or placebo (P)
Time: Blood draws pre-test (1), immediately post-test (2) and 1h-post test (3)
SEM = standard error mean
#
Outlier greater than two standard deviations from the mean- replaced with the mean
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Table K.13 Insulin concentrations (µmU/mL) for Study #1
Subject #
H1
H2
H3
S1
S2
S3
P1
P2
P3
7
12.58 25.14 5.00 15.76 31.66 10.20 7.01 4.50 6.14
8
6.82 4.49 7.68 5.08 3.29 3.35 9.40 5.89 3.55
11
9.93 5.53 7.36 7.78 9.84 7.01 9.65 7.39 5.27
12
6.27 11.95 5.43 7.46 11.29 4.95 5.27 8.51 5.82
13
6.30 3.78 3.81 7.00 5.08 5.40 6.08 10.19 5.69
14
7.50 2.86 7.20 11.89 15.28 6.75 11.39 8.00 12.67
15
8.00 8.69 9.00 10.66 8.50 10.57 11.39 8.30 9.00
16
13.55 6.88 8.75 7.33 11.45 5.93 10.32 6.94 8.78
17
9.00 2.83 4.50 5.13 9.50 4.60 9.87 14.07 7.01
18
15.41 23.27 14.80 9.50 22.63 14.41 12.96 10.00 10.36
Mean±
9.54 9.54 7.35 8.76 12.85 7.32 9.33 8.38 7.43
1.03 2.60 1.00 1.04 2.69 1.07 0.78 0.84 0.87
SEM
Group: Honey (H), sports drink (S), or placebo (P)
Time: Blood draws pre-test (1), immediately post-test (2) and 1h-post test (3)
SEM = standard error mean
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Table K.14 Cortisol concentrations (µg/dL) for Study #1
Subject #
H1
H2
H3
S1
S2
S3
P1
P2
P3
7
48.23 44.00 51.89 35.38 36.16 42.08 #65.40 48.24 24.89
8
49.58 59.10 49.41 43.38 65.36 33.87 34.28 44.37 48.86
11
47.69 40.33 31.95 48.24 53.19 51.89 32.45 52.59 39.62
12
26.88 66.01 #94.81 52.32 76.72 50.21 37.25 67.88 65.01
13
48.52 20.92 19.68 39.89 27.70 22.49 48.52 34.82 26.14
14
58.87 34.06 33.85 37.62 43.30 47.15 38.37 82.11 38.41
15
48.32 27.59 41.70 51.39 44.08 28.03 42.60 60.42 33.55
16
27.23 49.48 32.76 23.24 38.36 54.35 28.50 66.06 55.59
17
56.43 38.03 22.28 57.64 53.27 33.87 38.41 69.19 51.01
18
52.85 #92.42 68.24 46.51 73.16 48.60 38.91 74.07 48.79
Mean± 46.46 47.19 44.66 43.56 51.13 41.25 40.47 59.97 43.19
3.45
6.61
7.23 3.15 5.16 3.48
3.26 4.64 4.09
SEM
Group: Honey (H), sports drink (S), or placebo (P)
Time: Blood draws pre-test (1), immediately post-test (2) and 1h-post test (3)
SEM = standard error mean
#
Outlier greater than two standard deviations from the mean- replaced with the mean
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Table K.15 IL-1ra concentrations (pg/mL) for Study #1
Subject #
H1
H2
H3
S1
S2
S3
P1
P2
P3
7
98.0 126.2 157.3 101.2 133.5 161.0 111.8 125.2
145.9
8
212.0 252.9 221.3 149.9 193.5 174.2 160.5 176.8
314.3
#
11
155.4 238.1 273.0 114.7 256.1 277.7 121.1 269.8 1182.1
12
150.6 202.5 225.6 204.2 391.8 326.2 157.3 #482.5
451.7
13
157.8 185.2 202.5 136.1 177.1 171.2 175.1 236.4
223.4
14
162.2 195.9 231.9 133.6 221.2 230.2 151.5 231.9
264.8
#
#
#
#
15
592.2 565.4 585.0 158.1 173.2 176.1 223.0 236.4
256.3
16
202.9 196.3 164.3 102.1 210.2 241.6 113.9 220.3
226.5
17
456.4 470.4 498.9 193.7 218.5 222.0 161.9 234.8
222.8
18
148.0 242.3 318.2 140.9 358.9 328.6 147.0 227.1
515.9
Mean±
223.5 267.5 287.8 143.5 233.4 230.9 152.3 244.1
380.4
50.5
43.8
45.3 11.0 26.0 19.9
10.4
29.3
95.9
SEM
Group: Honey (H), sports drink (S), or placebo (P)
Time: Blood draws pre-test (1), immediately post-test (2) and 1h-post test (3)
SEM = standard error mean
#
Outlier greater than two standard deviations from the mean- replaced with the mean
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Table K.16 IL-6 concentrations (pg/mL) for Study #1
Subject #
H1
H2
H3
S1
S2
S3
P1
P2
P3
7
0.90 4.22
1.43 0.95
3.99
1.43 0.78 1.87 1.83
8
1.22 3.42
2.10 1.36
2.01
1.84 1.64 3.13 2.02
11
0.20 2.05
0.54 1.04
3.78
2.61 0.46 7.21 2.75
12
2.18 11.81
4.05 1.62 #11.27 #11.16 2.11 6.28 3.15
13
0.44 1.79
1.15 0.27
1.86
1.10 0.50 4.58 2.43
14
0.20 2.37
1.03 0.50
3.00
1.92 0.59 2.06 1.59
#
#
15
11.79 12.13 12.21 0.17
2.01
0.93 1.02 3.61 1.96
16
0.49 1.97
1.74 0.77
3.55
1.99 #3.65 8.19 3.82
17
0.95 2.52
1.62 0.81
2.22
1.94 0.42 4.13 2.29
18
0.54 9.38
4.35 0.68
7.37
4.13 0.33 5.00 #4.64
Mean±
1.89 5.17
3.02 0.82
4.11
2.90 1.15 4.61 2.65
1.12 1.34
1.09 0.14
0.95
0.96 0.33 0.67 0.31
SEM
Group: Honey (H), sports drink (S), or placebo (P)
Time: Blood draws pre-test (1), immediately post-test (2) and 1h-post test (3)
SEM = standard error mean
#
Outlier greater than two standard deviations from the mean- replaced with the mean
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Table K.17 IL-10 concentrations (pg/mL) for Study #1
Subject # H1
H2
H3
S1
S2
S3
P1
P2
P3
7
1.10
3.95 2.73 1.75
4.32
3.00 1.19
2.79
1.91
8
1.21
3.84 1.78 1.29
1.83
1.97 2.13
2.68
3.45
11
1.10
3.79 2.15 0.42
3.08
2.82 0.22
2.88
3.33
12
1.54
7.95 9.58 2.00 #19.49 #13.25 0.98 #19.60 #20.38
13
1.89
2.64 2.27 1.32
3.88
2.05 1.42 10.01
7.37
14
0.48
2.78 2.45 0.57
3.88
3.07 1.10
1.14
1.02
#
15
2.81
3.31 3.15 0.72
1.35
0.65 0.99
0.83
0.77
16
1.75
3.24 3.97 1.10
3.07
2.21 1.67
5.12
3.01
17
0.55
1.61 1.08 0.36
2.83
1.38 0.92
7.20
4.76
18
0.69 #13.98 9.42 0.61 11.51
3.76 0.63
8.83
7.58
Mean±
1.31
4.71 3.86 1.01
5.52
3.42 1.13 5.70
5.77
0.23
1.16 0.97 0.18
1.79
1.13 0.17 1.80
1.83
SEM
Group: Honey (H), sports drink (S), or placebo (P)
Time: Blood draws pre-test (1), immediately post-test (2) and 1h-post test (3)
SEM = standard error mean
#
Outlier greater than two standard deviations from the mean- replaced with the mean
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Table K.18 ORACtotal (µmol TE/g) for Study #1
Subject #
H1
H2
H3
S1
S2
S3
P1
P2
P3
7
8273 10707 9771 9610 10959 10330 10634 12173 11048
8
10660 12587 11947 10139 #9274 9711 10995 12159 10838
11
8858 9506 9487 11301 12562 11022 9708 12968 11803
12
10367 10960 9003 9902 11666 10690 9461 10991 10444
13
8661 11292 10178 8373 10343 7581 9769 11769 10184
14
9624 10458 8212 10011 10681 8734 8973 10140
9342
15
9478 9548 9664 9234 11098 7621 9545 11599
9655
16
10044 11788 8842 9693 11302 10694 11288 13504 #13028
17
8532 9655 10338 10271 11515 10265 9102 #8849
9540
18
10685 13659 12400 9931 12181 11882 10360 12587
9464
Mean±
9518 11016 9984 9847 11158 9853 9984 11674 10535
286
432
417
237
296
456
251
437
375
SEM
Group: Honey (H), sports drink (S), or placebo (P)
Time: Blood draws pre-test (1), immediately post-test (2) and 1h-post test (3)
ORACtotal = total oxygen radical absorbance capacity, SEM = standard error mean
#
Outlier greater than two standard deviations from the mean- replaced with the mean
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Table K.19 ORACpca (µmol TE/g) for Study #1
Subject # H1
H2
H3
S1
S2
S3
P1
P2
P3
7
842 1063 974 961 798 753 1094 1072 1086
8
962 1187 1183 897 858 850 1097 1055 855
11
882 955 861 987 1304 1107 941 1327 1138
12
1057 1307 1161 1083 1377 1077 955 1293 1186
13
893 938 750 777 1053 1082 920 1055 1040
14
882 951 704 966 1089 827 712 834 736
15
718 665 789 966 1079 905 904 1102 1017
16
1119 1212 1014 787 996 1007 993 1257 887
17
1029 1148 1101 1088 1060 1056 949 976 954
18
749 849 834 726 1073 774 813 992 878
Mean±
913 1028 937 924 1069 944 938 1096 978
41
61
55
40
55
43
37
49
45
SEM
Group: Honey (H), sports drink (S), or placebo (P)
Time: Blood draws pre-test (1), immediately post-test (2) and 1h-post test (3)
ORACpca = protein-free oxygen radical absorbance capacity, SEM = standard error
mean
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Table K.20 Anthropometrics for Study #2
Subject # Age (yr) Weight (kg) Height (m) BMI (kg-1·m2)
1
25
84.2
1.815
25.6
2
26
85.7
1.830
25.6
3
24
61.6
1.700
21.3
4
20
68.7
1.780
21.7
5
27
67.8
1.725
22.8
6
22
88.2
1.785
27.7
7
23
88.7
1.755
28.8
8
25
78.3
1.835
23.3
9
25
103.1
1.880
29.2
10
25
79.5
1.700
27.5
11
20
88.2
1.780
27.8
12
20
77.3
1.815
23.5
13
20
75.8
1.790
23.7
14
21
96.4
1.910
26.4
15
27
81.4
1.775
25.8
Mean
23.3
81.7
1.792
25.4
±SD
2.6
10.9
5.9
2.6
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Table K.21 Energy intake (kcal) from 1-d food records for Study #2
Subject # P-S
Q
P
1
3535 4639 2589
2
1448
* 2507
3
3152 3317 2626
4
2980 4506 4098
5
3251 1335 2994
6
3639 2223 3717
7
2410 1182 1901
8
2397 3207 2130
9
2326
*
*
10
1980 1524 2137
11
2315 1098
*
12
2193 2568 4506
13
4262 2227 2735
14
2228 3428 2674
15
2935 2387 2024
Mean
2737 2588 2818
±SD
740 1180 814
Group: Pre-supplementation (P-S), quercetin (Q), or placebo (P)
SD = standard deviation
*Missing data point
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Table K.22 % Macronutrient intake from 1-d food records for Study #2
Subject # P-S%C P-S%P P-S%F Q%C Q%P Q%F P%C P%P P%F
1
27.8
21.4
53.6 34.6 19.8 46.2 41.5 16.8 43.0
2
68.2
21.3
10.6
*
*
* 57.4 17.0 26.9
3
57.7
13.1
32.6 59.6 21.0 18.5 67.2 11.5 23.8
4
74.1
17.4
54.6 41.4 15.8 43.8 46.5 18.5 36.0
5
54.6
15.9
31.6 32.1 40.6 30.3 42.0 20.4 37.3
6
40.9
22.2
39.2 24.4 30.9 45.1 45.2 20.9 36.0
7
51.2
17.4
36.5 48.9 30.9 18.7 37.7 31.4 32.2
8
47.6
23.2
31.1 38.8 15.2 47.4 56.9 14.6 30.3
9
52.5
16.2
35.7
*
*
*
*
*
*
10
49.9
16.1
31.8 47.6 18.2 33.4 42.3 25.2 30.5
11
59.5
13.5
28.8 55.2 23.2 23.3
*
*
*
12
62.0
18.8
23.5 55.5 20.7 23.6 46.4 18.9 35.4
13
58.8
17.6
26.0 61.3 17.5 23.4 55.5 17.2 29.3
14
61.3
24.1
18.1 51.7 22.0 30.0 63.4 20.3 20.2
15
46.9
17.5
37.3 41.4 17.8 40.6 47.6 17.2 35.3
Mean
54.2
18.4
32.7 45.6 22.6 32.6 50.0 19.2 32.0
±SD
11.2
3.4
11.5 11.3
7.3 10.8
9.2
4.9
6.1
Group: Pre-supplementation (P-S), quercetin (Q), or placebo (P)
Measure: %carbohydrate (%C), %protein (%P), or %fat (%F)
SD = standard deviation
*Missing data point
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Table K.23 Sprint Times (sec) for Study #2- Q Treatment
Sub#
1
2
3
4
5
1
4.46 4.43 4.49 4.52 4.48
2
4.81 5.06 5.05 5.06 5.13
3
4.86 4.98 5.01 5.00 4.94
4
5.00 4.85 5.07 4.98 5.20
5
4.72 4.65 4.62 4.63 4.63
6
4.49 4.19 4.37 4.19 4.54
7
5.00 5.17 5.17 5.24 5.19
8
4.46 4.48 4.58 4.65 4.57
9
4.60 4.74 4.75 4.82 4.94
10
4.61 4.57 4.55 4.61 4.71
11
4.74 4.73 4.88 4.83 4.91
12
4.68 4.53 4.58 4.59 4.60
13
4.31 4.45 4.40 4.46 4.35
14
4.87 4.94 5.10 5.07 5.13
15
4.53 4.54 4.60 4.64 4.69
Mean 4.67 4.69 4.75 4.75 4.80
±SD
0.21 0.27 0.27 0.28 0.28
Group: Quercetin (Q) or placebo (P)
Time: Repeated sprints (1 – 12)
SD = standard deviation

6
4.57
5.37
5.02
5.06
4.58
4.49
5.28
4.67
4.94
4.67
4.85
4.70
4.52
5.11
4.78
4.84
0.28
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7
4.60
5.35
4.97
5.08
4.66
4.71
5.31
4.70
5.00
4.75
5.02
4.73
4.42
5.17
4.85
4.89
0.27

8
4.58
5.27
4.97
5.16
4.65
4.83
5.38
4.72
5.04
4.77
4.99
4.73
4.53
5.16
4.96
4.92
0.26

9
4.61
5.35
4.94
5.20
4.66
4.89
5.34
4.81
4.98
4.79
5.22
4.77
4.55
5.15
4.90
4.94
0.26

10
4.59
5.35
5.04
5.16
4.65
4.94
5.20
4.77
5.05
4.80
5.31
4.76
4.55
5.16
4.98
4.95
0.26

11
4.67
5.39
4.96
5.05
4.68
5.34
5.20
4.88
5.12
4.86
5.51
4.79
4.64
5.22
4.93
5.02
0.27

12
5.12
5.48
5.00
5.17
4.72
5.13
5.14
4.76
5.19
4.81
5.51
4.76
4.57
5.10
4.93
5.03
0.27

Table K.24 Sprint times (sec) for Study #2- P Treatment
Sub#
1
2
3
4
5
1
4.71 4.65 4.69 4.69 4.70
2
4.74 4.80 4.90 4.95 5.10
3
4.67 4.81 4.80 4.86 4.84
4
5.13 5.07 5.21 5.18 5.31
5
4.60 4.56 4.57 4.51 4.59
6
4.35 4.24 4.45 4.40 4.62
7
5.27 5.21 5.33 5.33 5.29
8
4.57 4.56 4.69 4.66 4.69
9
4.74 4.87 4.81 4.91 4.89
10
4.71 4.75 4.69 4.70 4.73
11
5.09 5.10 5.14 5.01 5.08
12
4.62 4.67 4.69 4.64 4.73
13
4.26 4.27 4.35 4.32 4.41
14
4.81 4.88 4.91 4.97 4.99
15
4.47 4.54 4.57 4.68 4.66
Mean 4.72 4.73 4.79 4.79 4.84
±SD
0.28 0.28 0.28 0.28 0.26
Group: Quercetin (Q) or placebo (P)
Time: Repeated sprints (1 – 12)
SD = standard deviation

6
4.70
5.12
4.91
5.13
4.64
4.63
5.23
4.66
5.03
4.81
4.92
4.65
4.45
4.98
4.72
4.84
0.23
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7
4.71
5.33
4.78
5.21
4.67
4.72
5.40
4.72
4.88
4.83
5.23
4.78
4.51
5.01
4.75
4.90
0.27

8
4.70
5.25
4.81
5.14
4.68
4.58
5.29
4.69
4.86
4.80
4.92
4.68
4.53
5.03
4.82
4.85
0.23

9
4.65
5.28
4.87
5.32
4.66
4.71
5.29
4.74
4.97
4.96
5.26
4.85
4.61
5.04
4.87
4.94
0.25

10
4.75
5.33
4.85
4.99
4.69
4.77
5.29
4.74
4.96
4.94
4.97
4.76
4.50
5.01
4.83
4.89
0.22

11
4.71
5.53
4.88
5.13
4.76
4.91
5.31
4.82
5.02
5.19
5.11
4.80
4.57
5.00
4.95
4.98
0.25

12
4.59
5.41
4.94
5.29
4.72
5.02
5.16
4.75
4.89
5.22
5.04
4.67
4.54
5.03
4.91
4.94
0.26

Table K.25 % fatigue decrement for Study #2
Subject #
Q
P
1
3.75 0.89
2
8.62 8.55
3
2.38 3.45
4
4.74 2.08
5
0.66 2.79
6
11.65 8.88
7
4.36 1.41
8
4.83 2.87
9
7.15 3.48
10
3.37 3.65
11
6.56 3.17
12
3.33 1.93
13
4.03 4.27
14
4.76 3.28
15
5.51 5.96
Mean
5.05 3.78
±SD
2.66 2.34
Group: Quercetin (Q) or placebo (P)
SD = standard deviation
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Table K.26 RPE immediately post test for Study #2
Subject # Q
P
1
6.0 7.0
2
6.0 6.0
3
7.0 6.0
4
4.0 5.0
5
7.0 7.0
6
8.5 9.0
7
7.0 6.0
8
8.5 7.5
9
6.0 7.0
10
7.0 7.0
11
9.0 9.0
12
8.0 7.0
13
9.0 9.0
14
10.0 9.0
15
9.0 8.0
Mean
7.5 7.3
±SD
1.6 1.3
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Table K.27 Serum IL-6 for Study #2
Subject # Group
B1
B2
B3
1
P-S 0.393
2
3.724
3
0.306
4
0.241
5
0.574
6
0.465
7
0.667
8
0.346
9
0.734
10
0.691
11
0.627
12
1.739
13
1.640
14
0.241
15
1.003
Mean
0.893
±SD
0.907
1
Q
0.238 0.613 0.725
2
1.187 1.536 1.405
3
2.722 1.822 2.571
4
0.409 0.602 0.655
5
0.546 0.896 0.666
6
0.470 0.929 0.739
7
0.758 1.555 1.133
8
0.416 0.812 0.698
9
0.849 1.445 1.012
10
0.868 1.712 1.100
11
0.781 1.779 1.803
12
0.675 1.093 0.752
13
1.328 3.871 3.129
14
0.317 0.601 0.436
15
0.894 1.218 1.190
Mean
0.831 1.366 1.201
±SD
0.607 0.819 0.761
1
P
0.400 0.571 0.501
2
0.770 0.971 0.910
3
0.720 0.825 0.375
4
0.436 0.699 0.475
5
0.652 1.341 0.809
6
0.708 1.313 1.044
7
0.407 0.825 0.809
8
0.349 0.788 0.728
9
0.671 0.815 0.560
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10
0.527 0.922 0.550
11
0.882 1.803 1.879
12
0.627 0.986 0.818
13
0.926 1.604 1.356
14
0.277 0.736 0.606
15
2.248 2.524 2.046
Mean
0.707 1.115 0.898
±SD
0.468 0.524 0.500
Group: Quercetin (Q) or placebo (P)
Time: Blood draws pre-test (B1), post-test (B2), or 1h-post test (B3)
SD = standard deviation
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Table K.28 Plasma XO (mU⋅ml-1) activity for Study #2
Subject # Group B1
B2
B3
1
P-S
8.0
2
8.3
3
5.4
4
22.9
5
12.9
6
5.3
7
13.5
8
5.6
9
26.3
10
8.7
11
8.9
12
5.7
13
6.4
14
13.4
15
8.1
Mean
10.6
±SD
6.4
1
Q
20.6 18.6 12.1
2
16.1 36.1 15.4
3
43.0 126.2 26.6
4
55.9 94.2 35.5
5
4.9
6.8 3.9
6
4.0
6.3 4.0
7
21.7 24.2 23.6
8
3.9
4.2 3.2
9
11.1 17.5 8.9
10
9.4 10.0 7.9
11
9.2 13.4 5.9
12
5.5
6.9 3.3
13
6.1 11.6 3.7
14
10.8 10.2 8.6
15
5.1
8.3 4.4
Mean
15.1 26.3 11.1
±SD
15.2 35.6 9.9
1
P
3.9
5.6 3.7
2
32.3 45.8 25.2
3
10.2 11.0 6.0
4
56.1 93.3 47.0
5
17.2 17.9 12.1
6
4.6
5.6 3.9
7
7.7
9.7 6.5
8
3.2
3.9 2.9
9
7.2
9.7 6.8
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10
8.2 14.3 7.3
11
7.6 12.2 5.8
12
5.2
5.7 3.5
13
8.3 14.4 4.2
14
9.7 11.3 9.0
15
5.3 11.7 5.4
Mean
12.5 18.1 10.0
±SD
14.1 23.0 11.6
Group: Quercetin (Q) or placebo (P)
Time: Blood draws pre-test (B1), post-test (B2), or 1h-post test (B3)
SD = standard deviation
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Table K.29 Serum uric acid (mg⋅dl-1) activity for Study #2
Subject # Group
B1
B2
B3
1
P-S 10.49
2
10.38
3
9.17
4
8.98
5
7.39
6
9.43
7
8.84
8
8.82
9
9.98
10
6.87
11
8.60
12
8.15
13
8.38
14
8.28
15
8.00
Mean
8.78
±SD
1.02
1
Q
11.08 12.23 12.34
2
7.10 9.45 8.22
3
12.55 15.14 13.01
4
8.45 11.02 9.14
5
8.12 9.28 9.12
6
11.60 13.47 14.64
7
10.11 11.78 10.23
8
9.75 10.96 12.53
9
8.46 10.66 9.32
10
7.32 9.68 10.58
11
8.70 11.61 12.38
12
5.77 8.22 7.58
13
7.37 10.08 8.78
14
9.13 10.62 9.25
15
8.04 10.53 9.91
Mean
8.90 10.98 10.47
±SD
1.84 1.73 2.04
1
P
8.78 10.80 10.09
2
7.56 9.45 8.84
3
8.22 9.69 9.95
4
8.86 11.69 9.32
5
8.41 10.78 10.97
6
10.17 11.27 10.93
7
8.88 10.46 9.89
8
8.67 11.08 10.54
9
10.41 12.74 11.78
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10
7.43 8.67 8.45
11
9.94 11.32 11.44
12
6.93 8.77 8.74
13
7.66 10.38 8.98
14
7.96 10.16 8.51
15
6.53 9.58 9.43
Mean
8.43 10.45 9.86
±SD
1.14 1.11 1.08
Group: Quercetin (Q) or placebo (P)
Time: Blood draws pre-test (B1), post-test (B2), or 1h-post test (B3)
SD = standard deviation
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