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Abstract 
Aim: Th e purpose of our study was to use a time-series design to investigate the eff ect of dietary quercetin 
supplementation on peak oxygen uptake (VO2peak) and physical work capacity. Methods and organization 
of the study: Nine recreationally-active men and women completed a treadmill-running graded exercise test 
(GXT) weekly (excepting wk 8) for 14 weeks. During the fi rst 3 and last 3 weeks, no quercetin supplementation 
was administered. During weeks 4-11, subjects ingested four soft  Q-chews (Nutravail Technologies) per day 
containing quercetin (1 g/d), vitamin C, vitamin B3 and folic acid. A control group of 5 men were also tested 
during the fi rst and last week. Research results: VO2peak and test time remained stable throughout the 14 weeks 
at approximately 3.5±1.1 L/min and 6±1.6 min. Using a one-way repeated measures ANOVA, there was no 
signifi cant diff erence among means (P > 0.05) for either measure. Th ere was no trend for individual or mean 
values to increase above baseline during the treatment period. No changes occurred in the control group. Con-
clusions: We conclude that dietary quercetin supplementation with 1 g/d for 8 wk in non-endurance-trained 
men and women does not increase VO2peak or physical work capacity.
Keywords: exercise, fl avonoids, muscle oxidative capacity, oxygen consumption

ДОБАВЛЕНИЕ ДИЕТИЧЕСКОГО КВЕРЦЕТИНА НЕ ПРИВОДИТ К УВЕЛИЧЕНИЮ 
МАКСИМАЛЬНОГО ПОТРЕБЛЕНИЯ КИСЛОРОДА И ФИЗИЧЕСКОЙ 
РАБОТОСПОСОБНОСТИ
Э.К. Фриз, К.Дж. Кьюретон 
Университет Джорджии, Атенс-Кларк, США
Аннотация
Цель исследования – использовать построение динамических рядов для изучения влияния добавления дие-
тического кверцетина на пиковое потребление кислорода (V.O2peak) и физическую работоспособность. Ме-
тоды и организация исследования. Девять мужчин и женщин, занимающихся физической культурой, выпол-
няли ступенчатый тест на беговой дорожке (GXT) еженедельно (за исключением недели 8) на протяжении 14 
недель. В течение первых 3 и последних 3 недель не осуществлялось добавление кверцетина. В течение недель 
с 4-й по 11-ю тестируемые употребляли четыре мягких жевательных желе (Nutravail Technologies) с содержа-
нием кверцетина в день (1 г/день), с витамином C, витамином B3 и фолиевой кислотой. Контрольная группа 
из 5 мужчин была также протестирована в течение первой и последней недель. Результаты исследования. 
Пиковое потребление кислорода и время тестирования сохранялись стабильными на протяжении 14 недель 
и составляли приблизительно 3.5±1.1 л/мин и 6±1.6 мин. При использовании односторонних повторных из-
мерений ANOVA ни в одном случае не было отмечено существенной разницы между средними значениями 
(P > 0.05). Не наблюдалось тенденции к увеличению относительно исходных показателей определенных или 
средних значений в период исследования. В контрольной группе не было отмечено никаких изменений. За-
ключение. Мы приходим к выводу о том, что добавление диетического кверцетина в объеме 1 г/день на про-
тяжении 8 недель не приводит к увеличению пикового потребления кислорода или физической работоспо-
собности у мужчин и женщин, не подготовленных к упражнениям на выносливость. 
Ключевые слова: упражнение, флавоноиды, окислительная способность мышц. 

INTRODUCTION
Quercetin (3,3′,4′,5,7-pentahydroxyfl avone) is a 
naturally-occurring dietary polyphenolic fl avo-
noid found primarily in skins of  fruits, leafy veg-
etables, and berries, as well as in black tea, red 

wine, and various fruit juices. National dietary as-
sessments indicate that the mean intake of  quer-
cetin in the habitual diet typically varies from less 
than 5 mg to ~40 mg, but daily levels as high as 
200-500 mg may be attained by heavy consum-
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ers of  fruits and vegetables [11]. Quercetin has 
antioxidant, anti-carcinogenic, anti-infl ammatory 
and cardio-protective properties [11], reduces 
the susceptibility to viral infection [8,22], and 
decreases the risk of  cancer and several chronic 
diseases [17]. Because of  quercetin’s healthful 
properties, it is marketed as a dietary supplement 
and added to foods and beverages.
Quercetin feedings stimulate mitochondrial bio-
genesis in mice. Davis et al. [7] found that one 
week of  quercetin feedings increased mRNA of  
coactivators of  mitochondrial biogenesis {sirtuin 
1 (SIRT1) and peroxisome proliferator-activated 
receptor-γ coactivator-1 alpha (PGC-1α)}, mito-
chondrial protein (cytochrome c) concentration 
and DNA in brain and skeletal muscle, and in-
creased run time to exhaustion by 36-37% in sed-
entary mice. These fi ndings are similar to those 
reported for another polyphenol, resveratrol [15]. 
Transgenic sedentary mice with increased skeletal 
muscle PGC-1α exhibit greater mitochondrial 
content, peak rate of  oxygen consumption, and 
exercise capacity compared with wild-type mice 
[3]. These studies on mice indicate that polyphe-
nols such as quercetin and resveratrol have ef-
fects on skeletal muscle, aerobic capacity, and 
endurance that mimic those of  exercise train-
ing [13], and have raised the possibility that they 
too may counter diseases related to mitochon-
drial dysfunction [1,24] and may be ergogenic in 
humans. However, it remains to be established 
whether or not the adaptations to quercetin re-
ported for mice are observed in humans.
Findings from the few research studies on the er-
gogenic effects of  chronic [2,16,19,20] and acute 
[4,5] quercetin supplementation in humans are 
equivocal. Limited data also exist on the effect 
of  quercetin supplementation on muscle oxida-
tive capacity [20], V.O2peak, and substrate utili-
zation during submaximal exercise, which would 
be expected to change consequent to mitochon-
drial biogenesis and contribute to increased en-
durance performance in humans with quercetin 
supplementation [13]. The studies of  chronic 
quercetin supplementation on muscle oxida-
tive capacity and performance were conducted 
on highly-trained cyclists and runners, who may 
have reached a ceiling for mitochondrial density 
due to their high level of  aerobic training. Meta-

analyses of  studies in the literature have conclud-
ed that the effect of  quercetin supplementation 
on VO2peak and endurance performance is small 
or trivial [14,21,23]. Additional study of  the ef-
fect of  quercetin supplementation on muscle 
oxidative capacity, VO2peak, substrate utilization 
during exercise, and performance in untrained 
individuals who might experience an increase in 
muscle oxidative capacity is warranted.
The objective of  our study was to investigate the 
effects of  8 wk of  quercetin supplementation 
on VO2peak and physical work capacity measured 
weekly in untrained men. It was hypothesized 
that dietary quercetin supplementation would in-
crease VO2peak and physical work capacity meas-
ured during treadmill running in recreationally-
active men.

METHODS
Participants. Seventeen young, healthy, recrea-
tionally-active, but not endurance-trained, men 
and women were recruited to participated in the 
study. Untrained individuals were chosen as par-
ticipants to increase the probability of  detection 
of  an effect of  quercetin on skeletal muscle oxi-
dative capacity, which has been shown to increase 
in sedentary mice [7] but not in highly-trained cy-
clists [20]. Men and women were selected for this 
study to get a heterogenous group. Participants 
signed an informed consent statement approved 
by the University’s Institutional Review Board 
and were paid for participation. 
Research design. A repeated -measures, time-series 
design was used for the study. Seventeen partici-
pants were initially recruited to participate. A ran-
dom sample of  12 subjects was selected to serve in 
the experimental group, 9 of  which completed all 
testing sessions. The remaining 5 served as a control 
group. It was anticipated that two participants may 
drop out of  the experimental group, leaving a sam-
ple size of  10 for that group. No drop-out from the 
control group was anticipated. Outcome measures 
were obtained weekly for a 3-week baseline period, 
an 8-week treatment period, and a 3-week post-
treatment period. During the treatment period, par-
ticipants in the experimental group ingested 4 soft 
Q-Force chews per day, 2 chews were ingested in the 
morning and 2 chews were ingested at night with 
meals, containing quercetin, Vitamin C, Vitamin B3, 
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and folic acid. Total quercetin consumption for the 
experimental group was 1000 mg/day. Subjects in 
the control group were evaluated for the outcome 
measures during the fi rst and last week of  the study 
and their diet was not supplemented with quercetin. 
Participants abstained from non-prescription drugs, 
vitamins, or other dietary supplements, but contin-
ued their normal diet and physical activity during 
the treatment period. 
Treatment. Participants in the experimental group 
(n=9) ingested four individually-wrapped chews 
daily (two with breakfast, two with dinner) during 
the treatment period. The purpose of  the multiple 
feedings was to maintain plasma quercetin levels 
throughout the day [18]. Each chew contained 250 
mg quercetin, Vitamin C, Vitamin B3, and folic acid 
(Quercegen Pharma, Newton, MA). Participants in 
the control condition did not ingest chews. Partici-
pants turned in chew wrappers weekly to encourage 
treatment compliance. 
Outcome measures. To determine the effect of  
dietary quercetin supplementation, experimental 
participants’ maximal oxygen consumption and 
physical work capacity were tested for 14 con-
secutive weeks. During the graded treadmill test, 
subjects maximal HR, RPE, and RER were re-
corded as outcome variables. Subjects also com-
pleted a 7-day physical activity recall (7-D PAR) 
to test for changes in physical activity during the 
14 weeks. Control participants were tested during 
the 1st week and 14th week of  testing. 
Preliminary measures. Participants attended a 
preliminary test session at which physical char-
acteristics and body composition were assessed, 
and procedures used in assessment of  outcome 
measures were practiced. Body height was meas-
ured using a wall stadiometer, body mass was 
determined using an electronic scale (model FW-
150KA1, A&D Co., Ltd., Tokyo), and body com-
position was estimated using dual-energy x-ray 
absorptiometry (iDXA, GE Healthcare-Lunar, 
Madison, WI). 
VO2peak. Participants performed a graded tread-
mill running test to measure maximal oxygen 
uptake (VO2peak). A graded treadmill running test 
following the modifi ed Astrand protocol was 
conducted to evaluate maximal oxygen uptake. 
After a 5-minute walking/jogging warm-up ses-
sion at a self-selected comfortable intensity on 

a treadmill (Trackmaster, JAS Fitness System, 
Newton, KS), the speed was adjusted to either 7 
miles per hour (men) or 6 miles per hour (female) 
and 0% grade. After each 2-minute interval, the 
speed remained constant and the grade was in-
creased by 2.5%. The participants ran continu-
ously and as long as possible, until he/she could 
no longer continue. Maximal oxygen uptake and 
related gas exchange measures were obtained by 
open-circuit spirometry using a PARVO Medics 
TrueOne 2400 Metabolic Measurement System 
(Parvo Medics, Inc., Salt Lake City, UT) and aver-
aged over 1-minute intervals. Standard gases of  
known composition were used to calibrate the 
oxygen and carbon dioxide analyzers, and a 3-lit-
er syringe was used to calibrate the pneumota-
chometer prior to each test session. HR and RPE 
were measured every 2 minutes and at the end of  
the VO2peak test. HR was measured with a Polar 
Vantage XL heart rate monitor (Polar Electro, 
Inc., Woodbury, NY, model 145900). RPE was 
measured by the Borg 15-point category scale.
Statistical analysis. Data are expressed as mean ± 
SD. Differences between means were analyzed 
using a repeated measures one-way ANOVA 
for all experimental subjects for VO2peak, total 
test time, HRmax, RERmax, RPEmax, 7-day PAR. A 
paired t-test was used to assess the signifi cance 
of  differences between means for weeks 1 and 14 
for the control group for VO2peak, total test time, 
HRmax, RERmax, and RPEmax. To assess changes 
before, during, and after the quercetin treatment, 
a paired t-test was used to determine changes in 
VO2peak for the experimental group in weeks 3 vs. 
4, weeks 11 vs. 12, mean of  weeks 1-3 vs. 4-11, 
and mean of  weeks 4-11 vs. 12-14. 

RESULTS 
Participants. Subject characteristics for the 9 par-
ticipants in the experimental group and 5 partici-
pants in the control group who completed the 
study are summarized in Table 1 and show typical 
body composition for recreationally-active young 
adults and show no signifi cant differences be-
tween the two groups.
Physiological Responses. Mean ± SD individual 
peak responses for the 9 participants in Q across 
13 weeks of  testing and 5 participants in C across 2 
weeks of  testing are summarized in Table 2. No sig-
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nifi cant changes in HRmax, RPEmax, RERmax, or total 
test time were found across testing weeks. The peak 
responses were typical of  what is seen in a maximal 
aerobic test and suggests exhibited a max effort in 
each of  the 13 tests. 
Maximal Oxygen Consumption. Data related to 
individual changes in VO2peak are shown in Table 
2 and Figure 1. Supplementation in the quercetin 
group showed an average VO2peak of  3.51 ± 0.12 
L/min and no statistical difference across weeks. 
Using a paired t-test, the control group showed no 
statistical difference across tests with a mean VO-
2peak of  3.53 ± 0.05 L/min. There were no statistical 
differences in average weekly changes in VO2peak for 
the quercetin and control groups (Figure 2).
Physical Work Capacity. Average individual test 
time can be seen in Table 2. The quercetin and 
control group showed an average test time of  
6.04 ± 0.44 min and 6.2 ± 0.68 min across all 
trials respectively. There were no statistical dif-
ferences in individual changes in test time across 
weeks for the quercetin group, shown in Figure 3. 
Physical Activity Recall. There were no system-

atic individual changes in physical activity recall 
across the 14 weeks of  testing for the quercetin 
group (p = .353). Experimental participants re-
ported an average of  269.8 ± 11.9 kcal/kg*wk 
across all trials. The 7-D PAR of  our participants 
shows that they would be considered a moder-
ately active group of  college-aged students [9].

DISCUSSION
The purpose of  this investigation was to deter-
mine the infl uence of  8 wk of  quercetin sup-
plementation on VO2peak and physical work ca-
pacity in recreationally-active college-aged men 
and women. Our study showed there was no 
systematic increase in VO2peak or physical work 
capacity across 14 weeks of  graded exercise test-
ing. Therefore, our results do not support our 
hypothesis that 8 wk of  quercetin supplementa-
tion would increase VO2peak and physical work 
capacity.
For each of  the 14 weeks of  graded exercise testing, 
VO2peak was defi ned as either a plateau in oxygen 
consumption with an increase in grade and/or 2 of  

Table 1 – Mean ± SD of subject characteristics
Variable Quercetin Group 

(n=9)
Control Group (n=5) Mean

Diff p- value
Age (yr) 22.0 ± 3.2 20.8 ± 0.8 1.2 0.319

Height (cm) 173.8 ± 12.9 173.0 ± 7.3 0.8 0.887
Mass – pre (kg)  78.1 ± 18.2 76.5 ± 9.7 1.6 0.842
Mass – post (kg) 77.9 ± 17.4 77.4 ± 10.3 0.5 0.938

Fat-free mass – pre (kg) 58.5 ± 17.1 60.5 ± 6.1 -2.0 0.775
Fat-free mass – post (kg) 59.4 ± 16.4 60.3 ± 5.9 -0.9 0.892

Fat – pre (%) 27.3 ± 6.2 22.4 ± 3.9 4.9 0.107
Fat – post (%) 25.5 ± 7.5 22.2 ± 3.9 3.3 0.311

Table 2 – Mean ± SD of physiological responses to graded exercise testing across the 14 weeks
Subject

No.
VO2 (L/min) Heart Rate (bpm) RPE RER Test Time 

(min) 
Experimental Subjects

1 2.67 ± 0.09 192.8 ± 3.2 18.2 ± 1.8 1.17 ± 0.04 6.14 ± 0.48
2 5.03 ± 0.14 191.8 ± 6.6 18.5 ± 1.7 1.21 ± 0.03 6.43 ± 0.40
3 3.93 ± 0.12 178.7 ± 3.2 19.1 ± 0.9 1.21 ± 0.03 8.22 ± 0.27
4 4.83 ± 0.06 203.4 ± 3.9 19.8 ± 0.4 1.17 ± 0.03 7.86 ± 0.50
5 2.45 ± 0.11 178.2 ± 6.0 18.5 ± 1.1 1.15 ± 0.03 6.8 ± 0.49
6 3.89 ± 0.12 197.2 ± 8.7 19.0 ± 0.0 1.19 ± 0.04 4.66 ± 0.40
7 3.70 ± 0.20 204.5 ± 2.5 18.7 ± 1.3 1.25 ± 0.05 6.11 ± 0.63
8 3.25 ± 0.10 197.6 ± 3.1 19.6 ± 0.7 1.26 ± 0.05 5.04 ± 0.52
9 1.76 ± 0.10 205.3 ± 2.6 16.8 ± 0.8 1.12 ± 0.03 3.12 ± 0.27

AVG 
13 Tests

3.51 ± 0.12 194.4 ± 4.4 18.7 ± 1.0 1.19 ± 0.04 6.04 ± 0.44

Control Subjects
1 3.09 ± 0.01 200.0 ± 5.7 20.0 ± 0.0 1.21 ± 0.01 6.49 ± 0.07
2 3.91 ± 0.11 198.0 ± 1.4 20.0 ± 0.0 1.19 ± 0.01 6.32 ± 2.63
3 3.5 ± 0.07 194.5 ± 2.1 19.5 ± 0.7 1.29 ± 0.03 6.41 ± 0.05
4 3.62 ± 0.05 197.0 ± 4.2 20 ± 0.0 1.29 ± 0.04 6.18 ± 0.21
5 3.52 ± 0.03 193.5 ± 0.7 15.5 ± 0.7 1.21 ± 0.01 5.71 ± 0.43

AVG 
2 Tests

3.53 ± 0.05 196.6 ± 2.8 19.0 ± 0.3 1.24 ± 0.02 6.2 ± 0.68
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Figure 2 – Average weekly chan-
ges in VO2peak

Figure 3 – Average weekly chan-
ges in physical work capacity

Figure 1 – Individual experi-
mental changes in V.O2peak 
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the 3 conditions: RER greater than 1.1, RPE greater 
than or equal to 17, and HRmax greater than 220-age 
± 10 bpm (Table 2). Each subject exhibited a maxi-
mal effort during each graded exercise test.
Quercetin does have properties that have been 
shown in mice to cause an increase in mitochon-
drial biogenesis [7]. An increase in mitochondrial 
density in the working skeletal muscle would cause 
an increase in VO2peak. In an in situ study where 
blood fl ow was kept constant across working skel-
etal muscle, trained rats showed greater oxygen 
consumption when compared to sedentary rats 
[17]. With an increase in mitochondrial density, 
as would be expected with quercetin supplemen-
tation, one would expect an increase in A-V O2 
difference therefore causing an increase in VO2peak. 
Although reports on the effect of  quercetin sup-
plementation in humans have been equivocal, 
there has not been a study to our knowledge that 
has used repetitive VO2peak testing to investigate 
the time-course of  any benefi t. Our study shows 
there was no increase in VO2peak across any of  
the 14 weeks of  testing, including the 8 weeks 
of  quercetin supplementation, nor was there a 
difference between the pre-supplementation to 
supplementation period. Davis et al. showed a 
3.9% increase in VO2peak and a 13.2% increase in 
endurance capacity after 7 days of  quercetin sup-
plementation [6]. After 7 days of  quercetin sup-
plementation in our study, there was a decrease 
VO2peak from 3.56 to 3.52 L/min. 
Another possible benefi t of  quercetin has been fi nd-
ings showing an increase in voluntary physical activity. 
Mice given 25 mg/kg/d of quercetin showed a signifi -
cant increase in voluntary wheel running activity [7]. 
Using the 7-D PAR, our study showed that there is 
no such benefi t in humans. Across the 14 weeks of  
testing, participants averaged 269.8 ± 11.9 kcal/kg*wk 
and saw no increase in voluntary physical activity. 

Other studies reporting null fi ndings suggest it 
may be due to inadequate treatment time [5,10], 
but following 6-weeks of  quercetin training, a 
group of  Army ROTC cadets showed no im-
provement in VO2peak [2]. To our knowledge, our 
study is the longest treatment of  quercetin to date 
and failed to show an improvement in VO2peak or 
physical work capacity. Mitochondrial adaptations 
and increases in VO2peak to aerobic training typi-
cally take ~6 wk [12], shorter than the duration of  
supplementation in our study. It would be expect-
ed that an increase in aerobic capacity associated 
with mitochondrial density would be seen follow-
ing 8 wk of  quercetin supplementation.
Failure to fi nd an ergogenic effect in our study 
could be due to the interaction of  quercetin and 
dietary intake of  our subjects. Diet was not con-
trolled for our subjects, meaning quercetin intake 
could have been different across all subjects de-
pending on the amount of  fruits and vegetables 
consumed. Future studies should include control 
of  fruits and vegetables consumed by the sub-
jects to test for such an interaction. 

CONCLUSIONS
We conclude that 8 wk of  quercetin supplemen-
tation does not increase V.O2peak or physical work 
capacity in recreationally-active college-aged men 
and women. The null fi ndings of  our study sug-
gest that exercise capacity benefi ts of  quercetin 
supplementation found in mice should not be 
generalized to humans. 
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