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Abstract: Aims to evaluate the effect of whole purple grape juice intake in the recovery 
of oxidative stress, infl ammation and muscle injury after an intense training session. 
Fifteen high level men athletes were randomly distributed in supplemented (GJG; n=8; 
28.7 ± 3.5 years) or control group (CG; n=7; 24.8 ± 2.7 years). 400 ml of juice or water 
was ingested immediately before (200 ml) and after (200 ml) a training session. Blood 
samples was collect before and post-training session as well as 180 minutes after this 
session (recovery) to analysis of creatine kinase (CK), lactate dehydrogenase (LDH), 
C-reactive ultrasensitive protein (CRP), malondialdehyde (MDA) and nitrite. The nitrite 
values at the end of recovery moment of the GJG group were signifi cantly higher than the 
same moment in the CG group (p<0.05), and the intra-group analysis showed a signifi cant 
increase in nitrite values only in the GJG group in the end of recovery period moment 
when compared to the moments pre-training (p<0.001) and post-training (p<0.05). MDA, 
CRP, LDH and CK did not differ neither groups. Acute supplementation with 400 ml of 
grape juice increases the serum concentration of nitrite, a nitric oxide metabolite that 
has antioxidant activity.

Key words: ergogenic foods, exercise, inflammation, muscle injury, oxidative stress, 
purple grapes.

INTRODUCTION

Regular physical exercise at moderate intensity 
increase substantially the endogenous 
antioxidant capacity (Gomez-Cabrera et al. 
2008) and reduces systemic infl ammation as an 
adaptive response (Fedewa et al. 2017). On the 
other hand, repetitive intense and/or prolonged 
training leading to excessive muscle damage, 
systemic infl ammation and oxidative stress in 
athletes has been documented (Rowlands et 
al. 2012). Although still a controversial subject, 
the most accepted theory of overtraining shows 
a systemic inflammation, accompanied by 

oxidative stress among the factors involved in 
the etiology of this phenomenon. (Carfagno & 
Hendrix 2014). 

The beach handball is a sport characterized 
by many high intensity actions with large number 
of repetitions, the game is played on sand beach 
and two sets of 10 minutes each, which makes 
very intense game. This difficulty is critically 
enhanced by the fact that at competitions is 
common for a team play more than one match 
on the same day. There are no stops for time-
outs, and when a goal is scored against a team, 
the goalkeeper typically places the ball back 
in play immediately. The game is designed so 
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that counter-attacks are exploited at all times. 
During a game, athletes reach high heart rate 
and blood lactate production during the game 
(near the anaerobic threshold) (Silva et al. 2016).

In this sense, antioxidant and anti-
inflammatory foods and nutritional supplements 
has been included in dietary of athletes aiming 
to minimize inflammation and oxidative stress 
induced by strenuous exercise, so there are 
reports indicating that cherry juice (Howatson 
et al. 2010), honey (Tartibian & Maleki 2012), 
blueberry shake (McLeay et al. 2012), tomato 
(Tsitsimpikou et al. 2013), beet (Domínguez et 
al. 2018), Cocoa (Decroix et al. 2018) promoted 
either reduced muscle damage, oxidative stress 
or systemic inflammation, all of which resulted 
in improved physical performance. Although 
promising, these studies were made with cyclic 
sports (runners, swimmers, cyclists), so there 
are few data with team sports. In these sports, 
the number of accelerations, decelerations and 
changes of direction occur minimally compared 
to acyclic sports such as beach handball. These 
actions lead to much greater muscle wasting, 
which increases the physiological demand of 
these modalities (Silva et al. 2016), so studies of 
foods with ergogenic effects are pertinent.

Purple grapes and derivatives are a 
class of foods with particular antioxidant 
and anti-inflammatory potential due to rich 
composition in polyphenolic compounds, such 
as proanthocyanidins, catechins and resveratrol 
(Dani et al. 2007) and has the ability to increase 
plasma levels of superoxide dismutase, catalase 
(Ribeiro et al. 2018) and total antioxidant capacity 
(Toscano et al. 2015). In addition, studies have 
shown that grapes also act in the antioxidant 
system, increasing nitric oxide production, 
which increases the bioavailability of this gas 
and facilitates antioxidant action through 
nitrite peroxide [to transform the superoxide 
anion (O2-) into nitrite peroxide (NOO-)] 

(Nematbakhsh et al. 2013, Zolfaghari et al. 2015, 
Kaushik 2016). Toscano et al. (2015) confirmed 
these anti-inflammatory and antioxidant effects 
with daily supplementation with purple grape 
juice at 10 ml/kg for 28 days leading to improved 
performance, however the study was once again 
with cyclic sports (runners). 

Because of these features, speed recovery 
after physical exertion represents an ergogenic 
possibility of high impact for this sport. For this 
reason, this study was conducted to evaluate 
the effect of purple grape juice intake in the 
recovery of oxidative stress, inflammation and 
muscle injury few hours after an intense and 
long-term training session in high level athletes 
of the male brazilian beach handball team.

MATERIALS AND METHODS
Subjects
This was randomized and controlled trial. All 
fifteen male athletes of the Brazilian national 
beach handball team participated of this 
experimental randomized controlled trial. They 
were randomly distributed in supplemented 
group with integral purple grape juice (GJG; n=8; 
28.7 ± 3.5 years) or a control group that ingested 
water (CG; n=7; 24.8 ± 2.7 years). Could not 
participate or would be excluded from the study 
athletes who had some infectious process at the 
time of the study, who had complained of injury 
or symptoms of muscle injury before or during 
study and those who did not participate in the 
training assiduously. However, these criteria 
did not need to be applied to any athlete. This 
work was previously approved by the Ethics 
Committee of the Lauro Wanderley University 
Hospital, Federal University of Paraíba, under 
number 637.299/14. Participants were informed 
about the procedures involved and required to 
sign the consent form and defined according 
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to the resolution 466/12 of the National Health 
Council.

Study design
The experimental design of the study is shown in 
Figure 1. The study was done in a training phase 
with loads that are particularly higher than the 
other times of the season. The athletes were 
assembled for a training phase (camping) with 
multiple daily sessions (two or three sessions). 
The experimental procedure was performed 
on the third day of this training phase, which 
corresponded to the competitive period 
previously to the World Championship games. 
The experimental protocol consisted of the 
athletes ingesting a single dose of grape juice 
or water immediately before and after a training 
session. Blood samples was collected to analysis 
of creatine kinase (CK), lactate dehydrogenase 
(LDH), C-reactive ultrasensitive protein (CRP), 
malondialdehyde (MDA) and nitrite before and 
post-training session as well as 180 minutes 
after this session (recovery).

Training
The study protocol did not modify the 
training program prepared by the technical 
committee. The team was in training camp 
phase, characterized by the accumulation of 
training loads in a short time recovery (three 
daily training sessions lasting 120 minutes each 
session and 180 minutes intervals between 
sessions. Experimental procedures occurred at 
third day of training camp, in the first session 
of this day. The training was done in half the 
morning (8:00 am), and the athletes had trained 
until 06:00 pm the previous day. The team was in 
concentration regime, so that everyone fed and 
went into the rooms to sleep around 9:00 pm 
in previous day. The training lasted 120 minutes 
and was characterized as technical and tactical, 
started with stretching / warm up and finished 
with a collective game. In the next three hours 
post-training, the athletes were rested, and in 
the end, they had the last collections done.

Figure 1. Study Design. 
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Supplementation protocol and nutritional 
control during the experimental procedure
The experimental group was supplemented with 
400 ml of grape juice (Vinson et al. 2000) and 
the control group received 400 ml of mineral 
water. Supplementation was divided in equal 
volumes to be ingested before (200 ml) and in 
the final of training (200 ml). Throughout the 
experimental protocol water was provided ad 
libitum to alleviate the discomfort of the subject 
during the experiment. No food supplement was 
consumed during the experimental protocol.

Grape juice chosen to supplement the 
athletes was integral purple type (Aurora, 
Bento Gonçalves, Rio Grande do Sul, Brazil), 
ruby coloration, fruity aroma, soft feature and 
made from grapes of American origin (Bordô 
and Isabel). In the 200 ml portion contains 123 
Kcal, 30 grams of carbohydrates, it does not 
contain significant amounts of protein, total 
fats, saturated, trans, dietary fiber and sodium. 
The athlete´s breakfast was typical of hotel 
and was held at 7am, being food sources of 
carbohydrates, proteins and did not have foods 
rich in antioxidants.

Food consumption
The dietary intake was evaluated through a 24-
hour food recall (Gibson 2005) applied in two 
stages, before and during the experimental 
protocols, two of which were for weekdays, 
and one for the weekend, for each stage. The 
data were evaluated in the software Avanutri 
Revolution version 4.0 (Avanutri Informática 
Ltda, Rio de Janeiro, Brazil) and for reference of 
dietary intake adequacy were considered the 
limits proposed by the International Society of 
Sports Nutrition (Kreider et al. 2010).

Biochemical analyzes
Was collected 10 ml of blood for analysis of 
creatine kinase (CK), lactate dehydrogenase 

(LDH) and C-reactive ultrasensitive protein (CRP) 
to assess muscle damage and inflammation 
using specific commercial kits (Labtest - 
Brazil) in analyzer automatic (Labtest, LabMax 
240 premium - Brazil). The malondialdehyde 
concentration (MDA) was determined and 
quantified by the reaction of thiobarbituric acid 
(TBARS) with the products of decomposition 
of hydroperoxides, according to the method 
described by Ohkawa et al. (1979). The 
concentration of nitrite was determined by the 
Griess reaction according to the methodology 
proposed by Bryan & Grisham (2007). In addition 
to the pre-training, post-training and 180 minutes 
post-training analyzes, this analyzes were also 
performed before the first training phase (three 
days before the experimental session), for 
purposes of characterization and verification of 
the physiological state of the groups.

The interpretation of the results of blood 
markers levels were according Cooper et al. 
(2017) (<300 U/L) for CK and LDH according 
Srividhya et al. (2017) (138.4 to 746.0 IU/L). 
Oxidative stress (MDA) according Kadiiska et al. 
(2005) (1 to 3 μM) and nitrite value there is not an 
established reference standard for athletes or 
clinical. Systemic inflammation (CRP) there are 
no data for athletes, so clinical standards have 
been adopted (<3.0 mg/L) according specific 
commercial kit (Labtest - Brazil).

Statistical Analyses
The results were presented as mean and 
standard error of the mean. Shapiro-Wilk and 
Levene tests were applied to verify the normality 
and homogeneity. The independent t test was 
used to compare baseline and food consumption 
between groups (pre-experimental values). 
Repeated measures ANOVA with Bonferroni post 
hoc was adopted to verify the responses at time 
× group interactions and partial eta-squared. 
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Data were analyzed using the IBM SPSS Statistcs 
24.0, adopting significance of p <0.05.

RESULTS

Pre-training characteristics of the athletes 
are shown in Table I. The groups were similar 
in age, body mass, body fat, muscle mass and 
BMI. The physiological status before the first 
day of training was similar in both groups for 
all blood markers analyzed. Considering that 
experimental procedure occurred on the 3rd day 
of the training phase and all athletes from both 
groups performed all the training until the day 
of the experimental session (three sessions/
day), all athletes were in the same conditions of 
external training load. As consequence the two 

groups presented signs of muscle damage (high 
levels only for CK), without differences between 
them, although with LDH levels within normal 
range. On the other hand, the external load had 
not had repercussions at systemic level, since 
the athletes of the two groups had values within 
the limits of normality for the indicators of 
systemic inflammation and oxidative stress. 

The food consumption of athletes 
(nutritional intake of the day before the 
experiment) is presented in Table II. The groups 
showed no differences in daily energy intake 
and macronutrient, however was observed 
higher consumption of selenium by grape juice 
group. Both groups showed insufficient intake of 
vitamin A, copper, magnesium and excess zinc. 

Table I. Pre-training characteristics of the athletes.

Grape juice (n=8) Control (n = 7) p

Age (years) 26.3±1.4 24.9±1.1 0.45

Height (cm) 1.80±0.03 1.90±0.01 0.01*

Body mass (kg) 91.1±6.7 87.4±3.8 0.65

BMI (kg/m²) 26.3±1.2 24.2±0.9 0.19

Body fat (%) 13.9±2.5 12.7±1.7 0.70

Muscle mass (%) 41.7±1.1 41.9±0.6 0.88

Daily training (minutes) ~ 270 ~ 270 0.99

Pre-Training Pre-Training

CK (U/L) 796.8±106.1 1000.1±243.1 0.45

LDH (U/L) 595.0±32.5 632.9±62.5 0.44

MDA (µmol/L) 1.1±0.2 1.1±0.2 0.99

CRP (mg/L) 1.5±0.3 0.7±0.2 0.26

Nitrite (µmol/L) (n=7) 8.4±0.7 9.7±1.1 0.44
Data are expressed as mean ± standard error. BMI = body mass index; CK = Creatine Kinase; LDH = lactate dehydrogenase; MDA = 
Malondialdehyde; CRP = C-reactive ultrasensitive protein; Independent t-test, p <0.05. The interpretation of the results of blood 
markers levels were according Cooper et al. (2017) (<300 U/L) for CK and LDH according Srividhya et al. (2017) (138.4 to 746.0 U/L). 
Oxidative stress (MDA) according Kadiiska et al. (2005) (1 to 3 μM) and nitrite value there is not an established reference standard 
for athletes or clinical. Systemic inflammation (CRP) there are no data for athletes, so clinical standards have been adopted 
(<3.0mg/L) according specific commercial kit (Labtest - Brazil).
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Other micronutrients were normal (Institute of 
Medicine 2006).

Blood markers at pre-training, post-training 
and at the end of the recovery period (recovery) 
of the experimental session are shown in Table 
III. The training did not promoted change in 
muscle damage, since the values of CK and 
LDH did not change in the time or time x group 
interaction. Likewise, there were no systemic 
repercussions since CRP did not indicate an 
increase in systemic inflammation and MDA did 
not indicate an increase in lipid peroxidation 
in the time interaction and there were also no 
differences between groups.

On the other hand, the grape juice promoted 
some alteration in the synthesis of nitric oxide, 
since the grape juice group demonstrated a 
relevant increase of almost four times in the 

production of nitrite in the serum concentration 
of nitrite after the period of 3 hours of recovery, 
which was significantly higher than the values 
pre training and post training (time interaction), 
as well as in relation to the same moments of 
the control group (time x group interaction). The 
individual response of each subject (plasmatic 
nitrite) is shown in Figure 2. 

DISCUSSION

The intake of grape juice did not promote changes 
in CK, LDH, MDA and CRP. On the other hand, was 
able to promote expressive post exercise increase 
in plasmatic nitrite concentration. The training 
session did not promote additional wear in 
relation to the pre-training moments, in relation 
to muscle damage, systemic inflammation and 

Table II. Food consumption of athletes.

Grape juice (n=8) Control (n=7) p

Total energy intake (Kcal) 5376.7±717.3 6088.7±590.6 0.45

Carbohydrates (g/day) 710.9±143.3 702.4±94.6 0.96

Carbohydrates (%) 49.8±2.7 46.6±4.2 0.54

Proteins (g/day) 287.9±31.8 337.8±53.2 0.45

Proteins (%) 23.6±2.5 22.5±2.3 0.74

Lipids (g/day) 147.1±18.2 208.5±34.3 0.15

Lipids (%) 26.4±1.5 30.7±2.8 0.22

Vitamin A (RE) 864.9±126.8 713.5±117.4 0.40

Vitamin C (mg) 367.6±65.7 427.0±52.4 0.49

Vitamin E (mg) 15.0±2.5 26.7±5.8 0.10

Copper (mcg) 1.1±0.0 2.6±1.0 0.19

Zinc (mg) 13.1±2.1 19.5±4.3 0.23

Selenium (mcg) 147.7±18.6 1.6±0.3 0.0002*

Magnesium (mg) 298.8±27.7 334.0±47.0 0.59
Data are presented as mean ± standard error. *difference between groups, p = 0.0002 independent t test.
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oxidative stress. On the other hand, grape juice 
promoted increased nitric oxide production, 
indicated by increased endothelial activity and 
this increased bioavailability of nitric oxide acts 
as an antioxidant (Pacher et al. 2007).

The increased blood flow promoted by 
exercise results in a phenomenon called shear 
stress on the blood vessel wall, which activates 
receptors that in turn activate the endothelial 
enzyme NO synthase (eNOS) and catalyzes an 
increase in nitric oxide production, which one 
of the metabolites is nitrite (Green et al. 2004). 
Despite this theoretical possibility, similar to the 
present study, exercise-associated L-arginine 
intake also showed a significant increase in nitric 
oxide production (Lima et al. 2012). Regarding 
the isolated effect of grape juice in stimulating 
the production of nitric oxide (without physical 
exercise), other studies had already shown an 
increase in the production of this gas after the 
consumption of grape juice and beetroot, but 
not in athletes. Among them, Takahara et al. 
(2005) demonstrated that the ingestion of 3 ml/
kg of a new non-alcoholic beverage made of red 
wine vinegar and grape juice can activate the 
nitric oxide synthase activity in rats. Freedman 
et al. (2001) demonstrated that consumption 
of purple grape juice (7 ml/kg/day) for 14 days 
increased platelet-derived NO production from 
3.5±1.2 to 6.0±1.5 pmol/10, result similar to that 
found in the present study. 

As a source of nitrate and corroborating 
our data, Clifford et al. (2017) showed that after 
consumption of 250 ml of beetroot juice (BTJ), 300 
g of whole beetroot (BF) or a placebo drink, the 
plasma nitric oxide reached peak concentrations 
2 h post-ingestion in both experimental groups 
(BTJ - 163.7±46.9 and BF 189.4±72.8 μmol/L; p 
< 0,001), both groups started with nitric oxide 
concentration next to 55 μmol/L. Confirming this 
data, Clifford et al. (2015) showed in a literature 
review that beetroot ingestion provides a 

natural means of increasing in vivo nitric oxide 
(NO) availability and has emerged as a potential 
strategy to prevent and manage pathologies 
associated with diminished NO bioavailability, 
notably hypertension and endothelial function. 
Beetroot is also being considered as a promising 
therapeutic treatment in a range of clinical 
pathologies associated with oxidative stress and 
inflammation. Its constituents, most notably the 
betalain pigments, display potent antioxidant, 
anti-inflammatory and chemo-preventive 
activity in vitro and in vivo. 

Increased bioavailability of nitric oxide 
may have beneficial repercussions for athletes. 
High concentrations of nitric oxide could 
provide ergogenic effects, improving tolerance 
to resistance exercise in endurance exercise, as 
shown in literature review (Jones 2014), improve 
muscle power output via a mechanism involving 
a faster muscle shortening velocity in high-
intensity exercise   (Domínguez et al. 2018), by 
increasing the travelled distance (3.4 ± 1.3%) in 
a football match after performed high-intensity 
endurance exercise using the Yo-Yo IR1 test 
after having increased nitrite levels (632±66 nM 
in experimental group vs. 186±13 nM in placebo 
group; p < 0.001) (Nyakayiru et al. 2017) where 
thirty-two male trained soccer players improved 
performance. Totzeck et al. (2012) also showed 
that eleven athletes improved performance by 
increasing serum levels of nitrite after performed 
intense stationary bicycle ergometer exercise, 
baseline plasma nitrite levels correlated with 
lactate anaerobic thresholds (r = 0.65; p = 0.001, n 
= 22) and with endothelial function as assessed 
by flow-mediated vasodilation (r = 0.71; p = 
0.0002). Dreissigacker et al. (2010) investigated a 
potential link between plasma nitrite synthesis 
and bioavailability and  oxidative  stress  in 
the circulation of subjects performing highly 
intensive endurance exercise. Twenty-two 
male healthy subjects cycled at 80% of their 
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Table III. Behavior of blood markers at pre-training, post-training and at the end of the recovery period (recovery).

Grape juice (n=8) Control (n=7)

CK (U/L)

Pre-training 796.8±106.1 1000.1±259.8

Post-training 851.3±107.8 966.1±202.4

Recovery 807.8±102.6 997.1±260.9

d – Cohen 0.50 / 0.10 0.15 / 0.01

LDH (U/L)

Pre-training 595.0±32.5 632.9+66.9

Post-training 610.8±19.4 613.6±54.6

Recovery 640.9±29.5 622.3±77.9

d – Cohen 0.53 / 1.47 0.32 / 0.14

CRP-us (mg/L)

Pre-training 1.5±0.3 0.7±0.2

Post-training 1.5±0.3 0.7±0.2

Recovery 1.5±0.4 0.6±0.2

d – Cohen 0.00 / 0.00 0.00 / 0.50

MDA (µmol/L)

Pre-training 1.1±0.2 1.1±0.2

Post-training 1.0±0.2 0.9±0.6

Recovery 0.9±0.8 1.4±0.3

d – Cohen 0.50 / 0.27 0.37 / 1.13

Nitrite (µmol/L) (n=7)

Pre-training 8.4±0.7 9.7±1.2

Post-training 16.5±2.8 15.4±1.4

Recovery 32.3±7.2*#& 17.2±2.4

d – Cohen 3.09 / 3.28 4.46 / 3.60
Data are presented as mean ± standard error. MDA = malondialdehyde; CRP-us = C-reactive ultrasensitive; CK = Creatine Kinase; 
LDH = lactate dehydrogenase; d – Cohen = Effect size (Post-training vs Pre-training / Recovery vs Pre-training). ANOVA one way 
with Bonferroni posttest for comparison between groups and ANOVA for repeated measures within groups. *Recovery vs Pre-
training (p<0.001). #Recovery vs Post-training (p<0.05). &Recovery Grapre Juice vs Recovery control (p<0.05).

maximal workload, and the findings provide 
evidence of a favorable effect of nitrite on high-
intensive endurance exercise, because nitrite 
plasma concentration decreased significantly 
during the trial (767 ± 234 nM at rest for 674 ± 204 
nM end of exercise) leading to a drop in physical 
performance.

Another possible benefit of nitric oxide is 
its antioxidant function. Nitric oxide has been 
proposed as a potent antioxidant, since it has the 
capacity to transform the superoxide anion (O2-) 
into peroxynitrite (NOO-), which is less reactive 
(Pacher et al. 2007). This antioxidant capacity 
was demonstrated by Pacher et al. (2007) in 
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a literature review, showing that the increase 
in the synthesis and bioavailability of nitric 
oxide combat oxidative stress and decreased 
membrane fluidity caused by extenuating acute 
exercise.

Finally, a third possible benefit of nitric 
oxide is its vasodilatory action. Purple grape 
juice also has been proven to increase the 
production of nitric oxide, being this gas, a 
potent vasodilator produced by human tissues, 
such as the endothelium (Folts 2002). This 
effect is attributed to their rich polyphenol 
composition, with the main component being 
flavonoids (Dohadwala & Vita 2009); however, 
there is no evidence that this vasodilation may 
have an ergogenic effect on athletes.

It is interesting to note that the training 
was not able to generate muscle damage, 
systemic inflammation and oxidative stress in 
the athletes, since the levels of CK, LDH, CRP 
and MDA did not change in any of the groups. It 

should be noted that the athletes were already 
on the third day of the training phase, and that 
on the previous two days there were expressive 
loads of training with three sessions/day. 

As they were with CK levels indicating 
muscle damage at pre experimental moment, 
it is possible that the experimental session did 
not provide additional damage. On the other 
hand, muscle wasting was only at the local level, 
since the athletes did not present systemic 
disturbances, inflammation and oxidative stress, 
which is considered an indicator that excessive 
training loads are generating deleterious 
repercussions at systemic levels (Coppalle et 
al. 2019) so the experimental session did not 
modify these variables.

Our choice to perform the experimental 
protocol on the third day of the training phase 
was precisely to find the athletes with some 
accumulated fatigue, which could be a better 
experimental model to test the antioxidant 

Figure 2. The individual response of each subject (plasmatic nitrite).
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activity of grape juice. However, we find different 
results than expected for the purposes of 
our experimental model. In this way, our 
experimental model could not verify if grape 
juice could promote some protection against 
muscle damage, lipid peroxidation and systemic 
inflammation. To better verify this hypothesis, 
it is necessary that the experimental session 
should occur with the athletes previously rested, 
but in this investigation, this was not possible, 
since it would require the laboratory conditions 
typical of studies of clinical level. Meanwhile, 
this study was done in the practical context 
of a national team in preparation for a world 
championship, so that the methodological 
aspect was lost, but gained in the context of the 
ecological validity of the study.

As limitations, this study was not able 
to verify the effect on the internal workload 
markers because of the methodological aspect 
that had to follow the training routine of the 
Brazilian selection of beach handball. The 
sample size could not be calculated because 
the sample was for convenience, based on 
the number of athletes called for national 
selection, on the other hand, the study gains 
in the practical application part of the training 
routine. The measurement of nitric oxide was 
done indirectly and our technique of serum 
measurement does not allow to determine 
which tissue produced this gas in the exercise/
recovery session. Another limitation is that this 
study could not be double blind because has 
not been possible to make a placebo to grape 
juice, according to previous publications (Dalla 
Corte et al. 2013, Toscano et al. 2015, Miranda 
Neto et al. 2017). Recently, a placebo drink (Nova 
Aliança Winery, Flores da Cunha, Rio Grande do 
Sul, Brazil) was proposed, but the product tastes 
very light compared to whole juice, and was only 
available after the completion of this study.

CONCLUSION

Data from this study showed that a single dose 
supplementation with 400 ml of purple grape 
juice ingested immediately before (200 ml) and 
after (200 ml) a training session is able to promote 
the increase in nitric oxide production, due to 
increased levels of plasma nitrite, at the end of 
the recovery period. This increase in nitric oxide 
can improve the athlete’s performance, promoting 
antioxidant action, which is also beneficial for this 
population, although these ergogenic effects were 
not verified in the present study.

Acknowledgments
We thank the support of the Brazilian Selection of Beach 
Handball.

REFERENCES

BRYAN NS & GRISHAM MB. 2007. Methods to Detect Nitric 
Oxide and its Metabolites in Biological Samples. Free 
Radic Biol Med 1: 645-657.

CARFAGNO DG & HENDRIX JC. 2014. Overtraining syndrome 
in the athlete: current clinical practice. Curr Sports Med 
Rep 13: 45-51. 

CLIFFORD T, CONSTANTINOU CM, KEANE KM, WEST DJ, HOWATSON 
G & STEVENSON EJ. 2017. The plasma bioavailability of 
nitrate and betanin from Beta vulgaris rubra in humans. 
Eur J Nutr 56: 1245-1254.

CLIFFORD T, HOWATSON G, WEST DJ & STEVENSON EJ. 2015. The 
potential benefits of red beetroot supplementation in 
health and disease. Nutrients 14: 2801-2822.

COOPER CB, DOLEZAL BA, NEUFELD EV, SHIEH P, JENNER JR & RILEY 
M. 2017. Exercise responses in patients with chronically 
high creatine kinase levels. Muscle Nerve 56: 264-270.

COPPALLE S,  RAVE G,  BEN ABDERRAHMAN A,  ALI A,  SALHI 
I, ZOUITA S, ZOUITA A, BRUGHELLI M, GRANACHER U & ZOUHAL H. 
2019. Relationship of Pre-Season Training Load With In-
Season Biochemical Markers, Injuries and Performance 
in Professional Soccer Players. Front Physiol 12: 409.

DALLA CORTE CL et al. 2013. Antioxidant effect of organic 
purple grape juice on exhaustive exercise. Appl Physiol 
Nutr Metab 38: 558-565. 

DANI C, OLIBONI LS, VANDERLINDE R, BONATTO D, SALVADOR M 
& HENRIQUES JA. 2007. Phenolic content and antioxidant 



MANOEL MIRANDA NETO et al.	 GRAPE JUICE, EXERCISE AND HIGH LEVEL ATHLETES

An Acad Bras Cienc (2020) 92(4)  e20191371  11 | 12 

activities of white and purple juices manufactured with 
organically- or conventionally-produced grapes. Food 
Chem Toxicol 45: 2574-2580.

DECROIX L, SOARES DD, MEEUSEN R, HEYMAN E & TONOLI C. 
2018. Cocoa Flavanol Supplementation and Exercise: A 
Systematic Review. Sports Med 48: 867-892.

DOHADWALA MM & VITA JA. 2009. Grapes and cardiovascular 
disease. J Nutr 139: 1788S-1793S.

DOMÍNGUEZ R, MATÉ-MUÑOZ JL, CUENCA E, GARCÍA-FERNÁNDEZ 
P, MATA-ORDOÑEZ F, LOZANO-ESTEVAN MC, VEIGA-HERREROS 
P, DA SILVA SF & GARNACHO-CASTAÑO MV. 2018. Effects of 
beetroot juice supplementation on intermittent high-
intensity exercise efforts. J Int Soc Sports Nutr 5: 2.

DREISSIGACKER U, WENDT M, WITTKE T, TSIKAS D & MAASSEN N. 
2010. Positive correlation between plasma nitrite and 
performance during high-intensive exercise but not 
oxidative stress in healthy men. Nitric Oxide 15: 128-135.

FEDEWA MV, HATHAWAY ED & WARD-RITACCO CL. 2017. Effect 
of exercise training on C-reactive protein: a systematic 
review and meta-analysis of randomised and non-
randomised controlled trials. Br J Sports Med 51: 670-676.

FOLTS JD. 2002. Potential health benefits from the 
flavonoids in grape products on vascular disease. Adv 
Exp Med Biol 505: 95-111.

FREEDMAN  JE,  PARKER C, LI L,  PERLMAN JA,  FREI B,  IVANOV 
V, DEAK LR,  IAFRATI MD & FOLTS JD. 2001. Select flavonoids 
and whole  juice  from purple grapes inhibit platelet 
function and enhance nitric oxide release. Circulation 
12: 2792-2798.

GIBSON R. 2005. Principles of nutritional assessment. 2nd 
ed., Oxford University, NewYork.

GOMEZ-CABRERA MC,  DOMENECH E &  VIÑA J. 2008. 
Moderate exercise is an  antioxidant: upregulation 
of antioxidant genes by training. Free Radic Biol Med 15: 
126-131.

GREEN DJ, MAIORANA A, O’DRISCOLL G & TAYLOR R. 2004. Effect 
of exercise training on endothelium-derived nitric oxide 
function in humans. J Physiol 561: 1-25.

HOWATSON G, MCHUGH MP, HILL JA, BROUNER J, JEWELL AP, VAN 
SOMEREN KA, SHAVE RE & HOWATSON SA. 2010. Influence 
of tart cherry juice on indices of recovery following 
marathon running. Scand J Med Sci in Sports 20: 843-852. 

INSTITUTE OF MEDICINE. 2006. Dietary reference intakes; the 
essential guide to nutriente requirements. Washington 
(DC): National Academy Press.

JONES  AM. 2014. Dietary nitrate supplementation and 
exercise performance. Sports Med 44: S35-45.

KADIISKAA MB ET AL. 2005. Biomarkers of Oxidative Stress 
Study II. Are oxidation products of lipids, proteins, and 
DNA markers of CCl4 poisoning? Free Radic Biol Med 38: 
698-710.

KAUSHIK MS, SRIVASTAVA M, SRIVASTAVA A, SINGH A & MISHRA 
AK. 2016. Nitric oxide ameliorates the damaging effects of 
oxidative stress induced by iron deficiency in 
cyanobacterium Anabaena 7120. Environ Sci Pollut Res 
Int 23: 21805-21821.

KREIDER ET AL. 2010. ISSN exercise & sport nutrition 
review: research & recommendations. J  Int Soc  Sport 
Nutr 7: 1-43.

LIMA JM, SILVA AS, ALVES NF, PORPINO SKP, ALMEIDA AEM & LIMA 
RT. 2012. L-arginina aumenta a produção endotelial de 
óxido nítrico e reduz a pressão arterial de repouso sem 
alterar as respostas pressóricas do exercício. Motricidade 
(Santa Maria da Feira) 8: 19-29.

MCLEAY Y, BARNES MJ, MUNDEL T, HURST SM, HURST RD & 
STANNARD SR. 2012. Effect of New Zealand blueberry 
consumption on recovery from eccentric exercise-
induced muscle damage. J Int Soc  Spor Nutri 9: 19.

MIRANDA NETO M,  DA SILVA TF,  DE LIMA FF,  SIQUEIRA 
TMQ, TOSCANO LT, DE MOURA SKMSF & SILVA AS. 2017. Whole 
Red Grape Juice Reduces Blood Pressure at Rest and 
Increases Post-exercise Hypotension. J Am Coll Nutr 36: 
533-540.

NEMATBAKHSH M,  ZOLFAGHARI B,  ESHRAGHI F,  SAFARI 
T,  PEZESHKI Z &  SOROOSHZADEH SM. 2013. The effects 
of unripe  grape extract on systemic blood pressure, 
nitric oxide production, and response to angiotensin II 
administration. Pharmacognosy Res 5: 60-64.

NYAKAYIRU J,  JONVIK KL, TROMMELEN J, PINCKAERS PJ, SENDEN 
JM,  VAN LOON LJ &  VERDIJK LB. 2017. Beetroot Juice 
Supplementation Improves High-Intensity Intermittent 
Type Exercise Performance in Trained Soccer Players. 
Nutrients 22. 

OHKAWA H, OHISHI N & YAGI K. 1979. Assay for lipid peroxides 
in animal tissues by thiobarbituric acid reaction. Analyt 
Biochem 95: 351-358. 

PACHER P, BECKMAN JS & LIAUDET L. 2007. Nitric Oxide and 
Peroxynitrite in Health and Disease. Physiol Rev 87: 
315-424.

RIBEIRO CCD, SILVA RM, CAMPANHOLO VMLP, RIBEIRO DA, 
RIBEIRO PAIOTTI AP & FORONES NM. 2018. Effects of Grape 
Juice in Superoxide Dismutase and Catalase in Colorectal 
Cancer Carcinogenesis Induced by Azoxymethane. Asian 
Pac J Cancer Prev 19: 2839-2844.

ROWLANDS DS, PEARCE E, ABOUD A, GILLEN JB, GIBALA MJ, 
DONATO S, WADDINGTON JM, GREEN JG & TARNOPOLSKY MA. 
2012. Oxidative stress, inflammation, and muscle 



MANOEL MIRANDA NETO et al.	 GRAPE JUICE, EXERCISE AND HIGH LEVEL ATHLETES

An Acad Bras Cienc (2020) 92(4)  e20191371  12 | 12 

soreness in an 894-km relay trail run. Eur J Appl Physiol 
112: 1839-1848.

SILVA AS, MARQUES RCS, LAGO SA,  SANTOS DAG, LACERDA, 
LM,  SILVA DC &  SOARES YM. 2016. Physiological and 
Nutritional Profile of Elite Female Beach Handball 
Players from Brazil. J Sport Med Phys Fitness 56: 503-509.

SRIVIDHYA S, MAJUMDAR P & SUBRAMANIAN A. 2017. Reference 
Interval for Enzyme Lactate Dehydrogenase in Male and 
Female Athletes. Int J Sci Res 6: 394-398.

TAKAHARA  A,  SUGIYAMA A,  HONSHO S,  SAKAGUCHI Y,  AKIE 
Y, NAKAMURA Y & HASHIMOTO K. 2005. The endothelium-
dependent vasodilator action of a new beverage made 
of red wine vinegar and grape juice. Biol Pharm Bull 28: 
754-756.

TARTIBIAN B & MALEKI BH. 2012. The Effects of Honey 
Supplementation on Seminal Plasma Cytokines, 
Oxidative Stress Biomarkers, and Antioxidants during 
8 Weeks of Intensive Cycling Training. J Andrology 33: 
449-461.

TOSCANO LT,  TAVARES RL,  TOSCANO LT,  SILVA CS,  ALMEIDA 
AE, BIASOTO AC, GONÇALVES MCR & SILVA AS. 2015. Potential 
ergogenic activity of grape juice in runners. Appl Physiol 
Nutr Metab 40: 899-906. 

TOTZECK M, HENDGEN-COTTA UB, RAMMOS C, FROMMKE LM, 
KNACKSTEDT C, PREDEL HG, KELM M & RASSAF T. 2012. Higher 
endogenous nitrite levels are associated with superior 
exercise capacity in highly trained athletes. Nitric Oxide 
27: 75-81.

TS I TS I M P I KO U  E T  A L .  2 01 3 .  A d m i n i s t ra t i o n 
of tomato juice ameliorates lactate dehydrogenase and 
creatinine kinase responses to anaerobic training. Food 
Chem Toxicol 61: 9-13.

VINSON JA, YANG J, PROCH J & LIANG X. 2000. Grape  juice, 
but not orange  juice, has in vitro, ex vivo, and in vivo 
antioxidant properties. J Med Food 3: 167-171. 

ZOLFAGHARI B, KAZEMI M & NEMATBAKHSH M. 2015. The effects 
of unripe grape extract on systemic blood pressure and 
serum levels of superoxide dismutase, malondialdehyde 
and nitric oxide in rat. Adv Biomed Res 29: 109.

How to cite
MIRANDA NETO M, TOSCANO LLT, TAVARES RL, TOSCANO LT, PADILHAS 
OP,  DA SILVA CSO,  CERQUEIRA GS &  SILVA AS. 2020. Whole purple 
grape juice increases nitric oxide production after training session in 
high level beach handball athletes. An Acad Bras Cienc 92: e20191371. 
DOI 10.1590/0001-3765202020191371.

Manuscript received on November 8, 2019;
accepted for publication on March 6, 2020

MANOEL MIRANDA NETO1 
https://orcid.org/0000-0002-5262-980X

LYDIANE L.T. TOSCANO1

https://orcid.org/0000-0003-0020-6220

RENATA L. TAVARES1 

https://orcid.org/0000-0002-8049-2708 

LUCIANA T. TOSCANO1 
https://orcid.org/0000-0001-7705-2464 

ORRANETTE P. PADILHAS2

https://orcid.org/0000-0001-6747-3337 

CÁSSIA S.O. DA SILVA1 
https://orcid.org/0000-0001-7366-3989 

GILBERTO S. CERQUEIRA3 

https://orcid.org/0000-0001-6717-3772

ALEXANDRE S. SILVA1,2 
https://orcid.org/0000-0003-3576-9023

1Programa de Pós-Graduação em Ciências da Nutrição, 
Universidade Federal da Paraíba, Departamento 
de Nutrição, Campus I, Loteamento, Cidade 
Universitária,  58051-900 João Pessoa, PB, Brazil
2Programa Associado de Pós-Graduação em 
Educação Física, UFPE/UFPB, Departamento de 
Educação Física, Campus I, Loteamento Cidade 
Universitária,  58051-900 João Pessoa, PB, Brazil 
3Programa de Pós-Graduação em Ciências Morfofuncionais, 
Universidade Federal do Ceará, Departamento de 
Morfologia, Campus Porangabussu, Rua Delmiro de Farias, 
s/n, Rodolfo Teófilo, 60430-170 Fortaleza, CE, Brazil

Correspondence to: Alexandre Sérgio Silva
E-mail: alexandresergiosilva@yahoo.com.br 

Author Contributions
Manoel Miranda Neto contributed substantially to data 
collection and data analysis, as well as writing the text. Lydiane 
L.T. Toscano, Renata L. Tavares, Luciana T. Toscano, Orranette P. 
Padilhas and Cássia S.O. Da Silva contributed to data collection, 
data analysis and it’s a little with writing the text. Gilberto S. 
Cerqueira contributed to the analysis of biochemical markers 
and Alexandre S. Silva making the study design and contributed 
substantially to the writing of the text. 


