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ABSTRACT

Background: Flavonoids consider as a large group of plant
metabolites that 6,000 types of them have been identified till now.
In some studies, it has been shown that they can increase aerobic
performance and maximal oxygen consumption (VO, max).The
aim of this study was to evaluate the effect of anthocyanin (as
one of the most important kind of flavonoids) supplementation
on body composition, exercise performance and muscle damage
indices in athletes.

Methods: This double-blinded clinical trial involved 54 female
and male athletes at Isfahan University of Medical Sciences with
athletic history of at least 3 years. Body composition, exercise
performance, creatine kinase, and lactate dehydrogenase were
assessed. Individuals were selected by simple sampling method,
they divided into two groups using permuted block randomization
method. First group received 100 mg anthocyanin pills, and the
second group received 100 mg placebo pills, daily for 6 weeks.
Participants asked to continue their routine diet and physical
activity during the study period, and they were followed through

phone calls or text messages.

Results: Soft lean mass, total body water and percent body fat
were not changed significantly in the anthocyanin group after
intervention but VO, max increased significantly in the anthocyanin
group (48.65 £ 4.73 vs. 52.62 £ 5.04) (P = 0.0001), also a significant
difference was observed between two studied groups (52.62 * 5.04
for intervention group vs. 49.61 £ 5.33 for placebo) (P = 0.003).

Conclusions: Our findings suggested that the supplementation
with anthocyanin in athletes may improve some indices of

performance such as VO, max.

Keywords: Anthocyanin, athletes, body composition, exercise
performance, muscle damage

INTRODUCTION

Flavonoids are among the large group of plant
metabolites and 6,000 kinds of which have been identified
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till now.!! Epidemiological studies reflected the
relation between flavonoids intake and decrease of
cardiovascular disease incidence.??! In addition,
some in vitro studies revealed antioxidant effects of
flavonoids.”! Anthocyanin is a natural flavonoid
existing in many fruits and vegetables, such as
cherry, strawberry, raspberry, barberry, blueberry
and raisins so it can be found in many plant-derived
foods and it is present in most people’s diet.[*>]
Anthocyanin can decrease the risk of cancer and
various chronic diseases because of having many
antioxidant, anticarcinogenic, anti-inflammatory
and heart protecting effects.[%”7 Despite the large
number of studies investigating the effects of
anthocyanin in relation to different diseases, there
are few studies to examine its effects on athletes.
Although some studies found that fruit juice
can be rich of anthocyanin such as tart cherry
and blueberry with the efficient antioxidant and
anti-inflammatory capacity, which had beneficial
effects on muscle damages reduction inducing
eccentric exercise and improving recovery,®4 it
has not been proved the effects of anthocyanin
supplementation on muscle damage.

Several studies have shown that flavonoids are
effective on the oxidation process of muscles. In
some animal studies it has been described that they
increase endurance performance and maximal
oxygen consumption (VO, max), therefore they
can increase body fitness in continuous flavonoid
consumption as a result of elevated number of
intra-cellular mitochondria number.!'>!” Natural
antioxidants improve physical performance, and
it might be attributed in lowering the negative
and exhaustive effects of excessive oxygen and
radical accumulation, during physical activities.!'!
So, flavonoids would be able to slow muscular
damage and its soreness, as well as neuromuscular
dysfunction that may be associated with following
of exercises. Some studies found that they could
improve neuromuscular function and decrease
soreness,['®191 and others mentioned that this
improving muscular strength can observe following
a long-term consumption of flavonoid.?” Several
previous studies have investigated the relationship
between body composition and antioxidant intake
in vitro or in animals; however they cannot find
significant effects on these indices in humans.?!-??!
There are a lot of studies have suggested that
flavonoids have beneficial effects on athletic

performance, inflammatory indices and muscular
damage, but fewer studies have examined the effect
of anthocyanin intake in athletes performance.*!1:23
Therefore, this study evaluated the supplementary
effects of anthocyanin on athletic performance,
muscular damage indices such as creatine
kinase (CK) and lactate dehydrogenase (LDH)
and body composition in male and female athletic
students.

METHODS

Study design and participants

This double-blinded clinical trial has been
conducted on 22 female and 32 male athletes at
Isfahan University of Medical Science having an
athletic history of at least 3 years. The subjects had
not used antioxidant supplements during the past
month. Simple sampling method was used to select
the appropriate number of students with the power
of 80% and 95%, probability.

Subjects excluded if they followed <70% of
the study procedure, or they were unwilling to
continue and persons with special diseases that
needs especial treatment method. After explaining
about the objectives and methods of the study
for participants, written informed consents and
demographics questionnaires were completed.

Procedures and variables assessment

Body composition indices were measured by
clinical examination using Body Composition
analyzer (model: Boca x1, South Korea). Height
was measured without shoes by scale with an
accuracy of 100 g. Then body mass index (BMI)
was calculated. In order to evaluate body
performance indices, exercise test was performed
for all of the participants using Bruce treadmill
test. The body composition was assessed by Bio
impedance analyzer which measured percentage
of body fat (PBF), soft lean mass (SLM), lean body
mass and total body water (TBW). At the end of
the test, VO, max and distance covered by each
athlete were measured and registered.

Then individuals were divided into two groups
using permuted block randomization method. First
group received 100 mg supplemental anthocyanin
pills, and the second one received 100 mg lactose
pills (placebo), daily for 6 weeks. Placebo pills
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contained lactose and looked exactly the same
as real pills. Participants were asked to continue
their routine diet and physical activity during the
study, and they were followed on study procedure,
through phone calls or text messages. At the end
of the intervention period, the remainder of pills
evaluated to assess their supplement intake. The
indices measured two times during the study at the
beginning of the study as well as in the end.

Anthropometry

Height and body mass were measured with a
wall stadiometer and a calibrated balance.

BMI was calculated from body mass (kg) and
height (m): BMI (kg/m?). Waist circumference was
measured using a measuring tape with a spring
handle in the standing position, midway between
the lowest rib and the iliac crest (highest point of
the ilium). The PBF was obtained from skinfold
thickness measured at three sites (biceps, triceps,
and calf) and calculated as described by body
composition system.

Aerobic fitness test

In this study, maximal oxygen
consumption (VO, max) of the participants was
determined by an incremental graded Bruce
protocol maximal exercise stress test. The test
was deemed to be maximal if at least three of
the following criteria were satisfied: An RER
of >1.10, a leveling off in VO, with increasing
workloads, volitional fatigue, or an HR greater than
or equal to age -predicted maximum. Intensity for
the exercise training program was calculated from
the maximum HR achieved during the VO, max
test.

Heart rate

Resting heart rate (HR) was measured in the
morning immediately after the participants were
awake. Measurement was taken from the radial
artery with forefinger and the middle finger of the
right hand placed horizontally across the subject’s
wrist while sitting on a chair. After that, the number
of pulse beats multiplied by two to give the 1-min
HR.

Exercise training program
Subjects in the exercise group were performed
aerobic exercises at an intensity of 60-80% of their

target HRs. Training was performed 3 days in a
week during 6-week each 60-90 min period. All
exercise training sessions were supervised by an
exercise physiologist and conducted in the Isfahan
University of Medical Science. Intensity for the
exercise training program was calculated from
the maximum HR achieved during the VO, max
test. Exercise training intensity commenced at a
level prescribed between 60% and 65% of the HR
maximum (HR__ ), and gradually increased so that,
by week 6, the subjects were exercising at 75-80%
HR__ (~65% VO, max). The target HR ranges were
monitored using a heart rate monitor (Polar Electro
S810, Finland) during each exercise session. For the
duration of the 6-week period, subjects exercised
3 day/week for 60—90 min with a 10-min warm-up
and cool-down. The subjects were permitted to
perform both cycling and treadmill exercises during
the 60-min exercise bout; however, it was required
that 45-min of their total time were spent on the
treadmill. They also performed stretching exercises
for the quadriceps, hamstrings, and gastrocnemius
before and after each session. Intensity, duration,
resting, and exercise HR, and blood pressures were
recorded for each session. VO, max tests were
performed at baseline and repeated at 6 weeks of
exercise to monitor progress. The exercise intensity
was adjusted accordingly.

Subjects in the control group were instructed to
continue their normal routine and not participate
in any formal exercise program for the duration of
the 6-week portion of the study.

Statistical analysis

All quantitative variables were first tested for
normality using Kolmogorov—Smirnov statistical
quantitative data were expressed as means test for
within group comparisons was conducted using
paired samples ¢-test while between group differences
were evaluated using independent samples #-test
or analysis of covariance. Statistical analysis was
performed using the Statistical Program for the
Social Sciences (SPSS Inc., Chicago, IL), version
19.0, was used for all statistical analysis. Statistical
significance was set at P < 0.05.

RESULTS

During the study period, 10 subjects in control
group were discontinued due to gastrointestinal
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problems in four participants and others because of
unwillingness or other reasons, a total number of 44
participants (19 female and 25 male) were studied.
Mean age of subjects in intervention and control
groups was 24.96 + 7.37 and 22.82 + 6.84 years,
respectively. There was no significant difference in
the age between both groups (P>0.05).

Table 1 shows body composition indices among
groups before and after the study. As can be seen,
both within and between group differences for
BMI, SLM, TBW, and PBF were not statistically
significant in two groups.

As Table 2 shows summarizing body
performance indices, VO, max in the anthocyanin

group significantly increased after intervention
(P < 0.001) and its changes were significantly
different between two studied groups (P = 0.003).
Although CPK decreased in the anthocyanin group
after intervention but it was not significant, also
the between group differences were not statistically
significant. In addition, LDH decreased significantly
in the anthocyanin group; however, the between
group difference was not statistically significant.

DISCUSSION

In this clinical trial, the effects of anthocyanin
supplements on physical and body performance

Table 1: The results of between and within group comparisons of body composition indices in both group

Total Anthocyanin group Placebo group P
BMI (kg/m?)
Before 22.96+3.40 22.37+£3.62 23.55+3.14 0.563
After 22.91+£3.26 22.354£3.6 23.48+2.86
P 0.501 0.793 0.523
TBW (kg)
Before 38.29+7.81 37.51£8.66 39.06+6.97 0.244
After 38.31+7.69 37.66+8.63 38.96+6.77
P 0.774 0.334 0.394
SLM (kg)
Before 49.09+9.89 48.00+10.79 50.174£9.02 0.576
After 49.22+9.84 48.224+10.85 50.224+8.86
P 0.330 0.378 0.704
PBF(%)
Before 22.66+4.66 22.10+£4.36 23.20+4.98 0.273
After 22.52+4.30 21.84+3.95 23.21+4.61
P 0.493 0.388 0.986

e
BMI=Body mass index, TBW=Total body water, SLM=Soft lean body mass, PBF=Percent body fat

Table 2: The comparison of body performance and muscle damage indices between 2 groups

Total Anthocyanin group Placebo group P
Vo2 max (L/min)
Before 49.26+4.97 48.65+4.73 49.88+5.23 *0.003
After 51.11+5.34 52.62+5.04 49.61+5.33
P 0.010 <0.001 0.779
LDH (mg/dl)
Before 416.554+308.45 378.59+87.14 454.50+429.19 0.710
After 306.36+38.72 304.82429.71 307.914+46.71
P 0.026 0.001 0.134
CK (u/ml)
Before 146.23+80.26 144.32+105.35 148.144+45.66 0.211
After 128.43+£97.54 107.73+£49.76 149.14+126.91
P 0.255 0.054 0.968

]
CK=Cearatin kinaes, LDH=Lactate dehydrogenase "P < .01
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and muscle injury was assessed. Results revealed
that there was no significant difference in LDH,
CK, TBW, LBM, and PBF among individuals with
anthocyanin supplementation and placebo group;
however, CK and LDH have showed no significant
decrease in anthocyanin group but VO, max
significantly improved in anthocyanin group after
intervention period.

In the studies that examined the effects of
fruit-rich anthocyanin on physical performance
in athletes it has seen conflicting results. In
the 2008 London marathon, it has done a
placebo-controlled trial group on 20 runners
divided into two groups. Subjects drank 8 oz of
cherry juice blend or a placebo for 8 days. Similar
to our study there were no significant differences
in markers of postexercise muscle damage (CK,
LDH, muscle soreness and isometric strength),
inflammation (interleukin-6 [IL-6], C-reactive
protein [CRP] and uric acid), total antioxidant
status (TAS) and oxidative stress (thiobarbituric acid
reactive species [TBARS] and protein carbonyls)
were assessed and the authors suggested that muscle
recovery was faster with cherry juice intake.?

This was the first study that examined
anthocyanin supplementation on body
composition, exercise performance and muscle
damage indices of athletes. Some other studies
that evaluated the effect of other antioxidants
such as Vitamin C, Vitamin E and quercetin
showed inconsistent findings. In a clinical trial,
Davis et al. evaluated the quercetin effects on
exercise performance among 12 volunteers. The
participants were divided into two groups of the
intervention group (500 mg daily quercetin) and
control group (500 mg daily placebo). They found
a significant improvement in time to fatigue;
VO, max and endurance values among nonathletic
individuals during a 30-km bicycle ride.?¥ Utter
et al. also compared the effects of 250 mg quercetin
daily for 3 weeks with placebo among marathon
runners and cyclists. They did not find any
significant difference in the perceived exertion
ratings between the two groups.?” In a crossover
clinical trial by MacRae and Mefferd the effects
of quercetin and a combination of quercetin and
vitamins were compared on 11 male cyclists during
a 6-week period. Although in their results did not
find any significant difference in the total time of
a 30 km ride and VO, max after the intervention,

there was a significant increase in peak power
among the second group of cyclists.[”) Ganio
et al. performed a double-blind clinical trial on 11
nonathletic inactive men and women participants.
Although their intervention and control groups
received 1,000 mg of daily quercetin and placebo
for 22 weeks, respectively, it had no significant
differences in terms of VO, max between the two
groups. 2!

Most previous studies did not report significant
differences in body composition among antioxidant
consumers. Knab et al. designed a clinical trial in
which quercetin and Vitamin C were used in both
groups. They performed a 12 weeks treatment with
two doses of quercetin along with Vitamin C and
niacin on 941 male and female subjects with the
age range of 18-85 years. The participants were
randomly divided into three groups of 500 mg
daily quercetin, 1,000 mg daily quercetin, and
placebo. Similar to the present study their results
did not show any significant differences between
the intervention and placebo groups in terms of
BMI or any other body composition indices.?!
Egert et al. investigated the effects of quercetin
consumption on 93 obese subjects aged 25-65 years
in a crossover study. The participants were received
6 weeks of 150 mg daily quercetin followed by a
5 weeks washout and a course of placebo. However,
CRP and body composition indices, including
weight, waist circumference, body fat mass, and
fat-free mass, had no significant change after the
intervention period.?? Similar to previous studies,
the present study did not show any significant
differences between the applied anthocyanin and
placebo groups.

In an investigation to determine the efficacy of
a tart cherry juice in aiding recovery and reducing
muscle damage, inflammation and oxidative
stress on twenty recreational Marathon runners
assigned to either consume cherry juice or placebo
for 5 days before, the day of and for 48 h after a
Marathon run. Markers of muscle damage (CK,
LDH, muscle soreness and isometric strength),
inflammation (IL-6, CRP and uric acid), TAS and
oxidative stress (TBARS and protein carbonyls)
were examined before and following the race.
Isometric strength recovered significantly faster in
the cherry juice group. No other damage indices
were significantly different. Inflammation was
reduced in the cherry juice group (IL-6, CRP,
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uric acid) and TAS was “<10%” greater. Protein
carbonyls were not different; however, TBARS
was lower in the cherry juice than the placebo
at 48 h. They were concluded that cherry juice
appears to provide a viable means to aid recovery
following strenuous exercise by increasing total
antioxidative capacity, reducing inflammation,
lipid peroxidation and it may aid to the recovery of
muscle function.”

The variation across studies in the oxidative
damage response to resistance exercise may
be attributable to differences in the exercise
mode, duration and intensity, training status
of participants as well as the use of a variety of
indirect measures of oxidative damage to muscle.

The  efficacy of  dietary antioxidant
supplementation in  recovery  acceleration
following muscle damaging exercise is under
debate while it is well approved that antioxidants
play a vital role in countering free radical activity
but within the body research investigating classical
antioxidant supplementation on the recovery rate
it has consistently shown little or no benefit from
supplementation.?% Howatson e al?! found
that the magnitude of the immediate reduction
in maximum isometric force production after
completing the marathon was not different between
trials. This was suggested to indicate that the
cherry juice supplement did not prevent the initial
muscle injury, which was presumably induced by
a combination of mechanical disruption of the
myofibrils and increased generation of reactive
oxygen species and mnitric oxide species during
exercise. Instead the cherry juice was suggested
to blunt the secondary muscle damage response
associated with the local inflammatory response
in the damaged muscle, and this was corroborated
by the finding of reduced IL-6, CRP and uric acid
response to the marathon race.

Askari et al. in a study evaluated the effects of
supplementary quercetin on athletic performance,
muscular damage and body composition in male
athlete students. The results of this study showed
that in the quercetin group Lean body mass, TBW,
basal metabolic rate, and total energy expenditure
increased significantly after intervention. On the
other hand, VO, max increased, nonsignificantly in
the “quercetin” and “quercetin + Vitamin C” groups
following the intervention. In this randomized
clinical trial, there were four groups who were

evaluated to determine the effects of quercetin (a
kind of flavonoid) intake on physical and body
performance and muscle injury by measuring the
LDH, VO, max, TEE, TBW, and LBM among the
quercetin and Vitamin C groups.

Although the measured indices in this study
have been similar to our study, the results are
not in concordance®! as the latter showed that
supplementation with quercetin in athletes
may improve some indices of performance
while the former concluded that anthocyanin
supplementation does not affect body composition
and body performance indices. It may be due to
the difference in the age of participants or even
resulted from different follow-up duration.

CONCLUSIONS

We conclude that anthocyanin supplementation
does not affect body composition and body
performance indices. Longitudinal research with
long follow-up periods is suggested to evaluate the
effects of anthocyanin intake for future studies.
Clinical trials with larger sample sizes of athletes
and nonathletes are also recommended.

REFERENCES

1. ErdmanJW Jr, Balentine D, Arab L, Beecher G, Dwyer JT,
Folts J, et al. Flavonoids and heart health: Proceedings of
the ILSI North America flavonoids workshop, May 31-June
1, 2005, Washington, DC. J Nutr 2007;137:718S-37.

2. Knekt P, Jarvinen R, Reunanen A, Maatela J. Flavonoid
intake and coronary mortality in Finland: A cohort study.
BM1J 1996;312:478-81.

3. Arts IC, Hollman PC. Polyphenols and disease risk in
epidemiologic studies. Am J Clin Nutr 2005;81:317S-25.

4. TIgarashi K, Kimura Y, Takenaka A. Preventive
effects of dietary cabbage acylated anthocyanins
on paraquat-induced oxidative stress in rats. Biosci
Biotechnol Biochem 2000;64:1600-7.

5. Heim KE, Tagliaferro AR, Bobilya DJ. Flavonoid
antioxidants: Chemistry, metabolism and structure-activity
relationships. J Nutr Biochem 2002;13:572-84.

6. SteinJH, Keevil JG, Wiebe DA, Aeschlimann S, Folts JD.
Purple grape juice improves endothelial function and
reduces the susceptibility of LDL cholesterol to oxidation
in patients with coronary artery disease. Circulation
1999;100:1050-5.

7. Wang LS, Stoner GD. Anthocyanins and their role in
cancer prevention. Cancer Lett 2008;269:281-90.

International Journal of Preventive Medicine, Vol 5, No 12, December, 2014 1599



Yarahmadi, ef al.: Anthocyanin supplementation and exercise performance

10.

I1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

1600

Bowtell JL, Sumners DP, Dyer A, Fox P, Mileva KN.
Montmorency cherry juice reduces muscle damage
caused by intensive strength exercise. Med Sci Sports
Exerc 2011;43:1544-51.

Howatson G, McHugh MP, Hill JA, Brouner J, Jewell AP,
van Someren KA, et al. Influence of tart cherry juice on
indices of recovery following marathon running. Scand
J Med Sci Sports 2010;20:843-52.

Kuehl KS, Perrier ET, Elliot DL, Chesnutt JC. Efficacy of
tart cherry juice in reducing muscle pain during running:
A randomized controlled trial. J Int Soc Sports Nutr
2010;7:17.

Connolly DA, McHugh MP, Padilla-Zakour OI,
Carlson L, Sayers SP. Efficacy of a tart cherry juice
blend in preventing the symptoms of muscle damage.
Br J Sports Med 2006;40:679-83.

Ducharme NG, Fortier LA, Kraus MS, Hobo S,
Mohammed HO, McHugh MP, ef al. Effect of a tart
cherry juice blend on exercise-induced muscle damage
in horses. Am J Vet Res 2009;70:758-63.

McAnulty LS, Nieman DC, Dumke CL, Shooter LA,
Henson DA, Utter AC, et al. Effect of blueberry ingestion
on natural killer cell counts, oxidative stress, and
inflammation prior to and after 2.5 h of running. Appl
Physiol Nutr Metab 2011;36:976-84.

McLeay Y, Barnes MJ, Mundel T, Hurst SM, Hurst RD,
Stannard SR. Effect of New Zealand blueberry
consumption on recovery from eccentric exercise-induced
muscle damage. J Int Soc Sports Nutr 2012;9:19.
MacRae HS, Mefferd KM. Dietary antioxidant
supplementation combined with quercetin improves
cycling time trial performance. Int J Sport Nutr Exerc
Metab 2006;16:405-19.

Davis JM, Murphy EA, Carmichael MD, Davis B.
Quercetin increases brain and muscle mitochondrial
biogenesis and exercise tolerance. Am J Physiol Regul
Integr Comp Physiol 2009;296:R1071-7.

Gauche E, Lepers R, Rabita G, Leveque JM, Bishop D,
Brisswalter J, ef al. Vitamin and mineral supplementation
and neuromuscular recovery after a running race. Med
Sci Sports Exerc 2006;38:2110-7.

Nieman DC, Henson DA, Maxwell KR, Williams AS,
McAnulty SR, Jin F, et al. Effects of quercetin and EGCG
on mitochondrial biogenesis and immunity. Med Sci
Sports Exerc 2009;41:1467-75.

Cureton KJ, Warren GL, Millard-Stafford ML, Wingo JE,
Trilk J, Buyckx M. Caffeinated sports drink: Ergogenic
effects and possible mechanisms. Int J Sport Nutr Exerc
Metab 2007;17:35-55.

Knab AM, Shanely RA, Jin F, Austin MD, Sha W,
Nieman DC. Quercetin with vitamin C and niacin does

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

not affect body mass or composition. Appl Physiol Nutr
Metab 2011;36:331-8.

Egert S, Boesch-Saadatmandi C, Wolffram S, Rimbach G,
Miiller MJ. Serum lipid and blood pressure responses to
quercetin vary in overweight patients by apolipoprotein
E genotype. J Nutr 2010;140:278-84.

Ganio MS, Armstrong LE, Johnson EC, Klau JF,
Ballard KD, Michniak-Kohn B, et al. Effect of quercetin
supplementation on maximal oxygen uptake in men and
women. J Sports Sci 2010;28:201-8.

Trombold JR, Barnes JN, Critchley L, Coyle EF.
Ellagitannin consumption improves strength recovery
2-3 d after eccentric exercise. Med Sci Sports Exerc
2010;42:493-8.

Egert S, Wolffram S, Bosy-Westphal A,
Boesch-Saadatmandi C, Wagner AE, Frank J, et al. Daily
quercetin supplementation dose-dependently increases
plasma quercetin concentrations in healthy humans.
J Nutr 2008;138:1615-21.

Davis JM, Carlstedt CJ, Chen S, Carmichael MD,
Murphy EA. The dietary flavonoid quercetin increases
VO (2 max) and endurance capacity. Int J Sport Nutr
Exerc Metab 2010;20:56-62.

Utter AC, Nieman DC, Kang J, Dumke CL, Quindry JC,
McAnulty SR, et al. Quercetin does not affect rating of
perceived exertion in athletes during the Western States
endurance run. Res Sports Med 2009;17:71-83.
Goldfarb AH, Garten RS, Cho C, Chee PD, Chambers LA.
Effects of a fruit/berry/vegetable supplement on muscle
function and oxidative stress. Med Sci Sports Exerc
2011;43:501-8.

McGinley C, Shafat A, Donnelly AE. Does antioxidant
vitamin supplementation protect against muscle damage?
Sports Med 2009;39:1011-32.

Nieman DC, Stear SJ, Castell LM, Burke LM. A-Z
of nutritional supplements: Dietary supplements,
sports nutrition foods and ergogenic aids for
health and performance: Part 15. Br J Sports Med
2010;44:1202-5.

Wu X, Beecher GR, Holden JM, Haytowitz DB,
Gebhardt SE, Prior RL. Lipophilic and hydrophilic
antioxidant capacities of common foods in the United
States. J Agric Food Chem 2004;52:4026-37.

Askari G, Ghiasvand R, Paknahad Z, Karimian J,
Rabiee K, Sharifirad G, et al. The effects of quercetin
supplementation on body composition, exercise
performance and muscle damage indices in athletes. Int
J Prev Med 2013;4:21-6.

Source of Support: Nil, Conflict of Interest: None declared.

International Journal of Preventive Medicine, Vol 5, No 12, December, 2014



