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Abstract

Background: One of the beverages improving athletic performance is beetroot juice.
Objectives: The aim of the present study was to investigate if six weeks of beetroot juice ingestion can increase VO2max and improve
the performance of female soccer players.
Methods: 20 female soccer players (age: 23.13 ± 0.77 years) were selected and assigned into two groups: experimental (beetroot
juice, n = 10) and control (placebo, n = 10). The Bruce test was first done to assess VO2max without drinking beetroot juice. Then, the
experimental group started consuming 200 mL of the juice two hours before each training session for six weeks. Finally, the second
Bruce test was performed after six weeks of beetroot juice ingestion.
Results: There was a significant increase in VO2max in the experimental and control groups from pretest to posttest (P < 0.001). In
addition, the results of independent samples t-test showed there was a significant difference between the experimental and control
groups in VO2max (P < 0.001, t = 12.39).
Conclusions: The present study provides evidence that beetroot juice positively affects performance and increases the maximum
volume of oxygen consumption in female soccer players. Therefore, we can propose this juice to female soccer players to improve
their performance.
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1. Background

Soccer is a strength and power-contact sport that in-
cludes high-intensity activity, training, and competition
(1). Physiological, technical, and tactical skills are impor-
tant for soccer performance. Factors such as acceleration,
speed, jump height, and energy release capacity are of
most importance in soccer. Due to the duration of a soc-
cer match, 90% of the energy release is aerobic. The aero-
bic endurance performance in soccer depends on three fac-
tors: maximal oxygen consumption (VO2max), anaerobic
threshold, and work economy (2). It is known that the dis-
tance covered in high intensity and speed is more in men
than in women (3), which is due to the low VO2max and
the anaerobic power of female soccer players (4). Athletic
performance is one of the issues to which soccer players at-
tend. They use various supplementations to increase their
performance. Although supplements may temporarily im-
prove their athletic performance, their long-term use will
increase the damage to the blood, kidneys, and liver. A no-

table factor of performance is the maximal oxygen uptake
(VO2max). VO2max measures the maximum amount of
oxygen consumed by the body per minute that is typically
expressed in mL/kg/min. The higher the VO2max value pro-
duced by an individual, the greater the rate of oxygen con-
sumption by the athlete’s body and the higher the level
of fitness. Minor increases in VO2max can have remark-
able advantages, especially in team sports. For example,
some researchers speculate that if every player in a soc-
cer team has a VO2max of just 6 mL/kg/min higher than
the opponent has, the aerobic capability possessed would
equate essentially having an additional player in the field
(5). VO2max can be increased in an individual over time by
participating in different types of endurance training pro-
grams (6). The advantage of a higher VO2max is that there
is a greater delivery of oxygen from the blood to the mus-
cle tissues, so athletes may work at a higher intensity for
a longer time. Increased blood flow is attributed mostly
to increased cardiac output, but also to the muscle pump
and local mediation of vasodilation near the muscle tissue.
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This occurs as a natural response to exercise and can in-
crease blood flow exponentially compared to resting val-
ues (7). Focusing on vasodilation, several sources have sug-
gested that nitric oxide be a prime solicitor in the process.
This vasodilation occurs as nitric oxide (NO) relaxes the vas-
cular smooth muscle (8, 9). NO is a very labile free-radical
gas produced by cells that, although commonly known to
be used to reduce blood pressure, serves many other pur-
poses including vascular diameter regulation, blood flow
mediation, mitochondrial respiration, platelet function,
and neuronal communication. NO is not ingested directly;
rather, it is derived from substances endogenously manu-
factured or ingested via dietary or supplemental means. L-
arginine, L-citrulline, sodium nitrate, and beetroot supple-
ment appear to be the most popular ones (10). Beetroot
(Beta vulgaris L.) is one the vegetables that contains mi-
cronutrients including potassium, betaine, sodium, mag-
nesium, vitamin C, and nitrate (NO3) (1). Beetroot also has
lots of nitrates (more than 250 mg per 100 g of fresh beet-
root). Increased nitrate availability may increase oxygen
and nutrient delivery to active muscles and thereby, lower
the ATP cost of muscle force production and improve phys-
iological responses related to endurance performance and
recovery (10). Nitrate can be reduced to nitrite through
the bacteria present in the mouth and by certain enzymes
in tissues (e.g., xanthine oxidase). Part of absorbed nitrite
in the acidic environment of the stomach is converted to
nitric oxide, but a significant amount of it enters the sys-
temic circulation to increase nitrite in plasma. A num-
ber of enzymes and proteins, including deoxyhemoglobin,
can convert nitrite to nitric oxide by taking an electron
from nitrite in the blood and tissues, which is facilitated by
oxygen deficiency (ischemia and hypoxia) and low pH. In-
terestingly, these conditions may exist in skeletal muscles
during exercise (11). Based on this information, using beet-
root juice may be a way for increasing VO2max and perfor-
mance in female soccer players.

2. Objectives

The aim of the study was to investigate if beetroot juice
can increase VO2max and improve the performance of fe-
male soccer players.

3. Methods

3.1. Subjects

The statistical population included 50 female soccer
players (N = 50) who were performing three sessions of
high-intensity soccer training per week. After the an-
nouncement of the study, the subjects (n = 20, age = 23.13

±0.77 years) interested take part in the study. Written con-
sent was obtained from the subjects after being informed
about the purpose of the study. Then, they were divided
randomly into two groups (experimental, n = 10) and (con-
trol, n = 10). The protocol was approved by the ethics com-
mittee of the faculty of sports sciences at Razi University.

3.2. Study Design

Height, weight, BMI, and VO2max were obtained in the
first session. Then, the subjects started with either the in-
gestion of 200 mL of beetroot juice or an equal amount
of placebo (water, carmoisine food color, and stevia) two
hours before starting their training for six weeks (18 ses-
sions) (12). They were asked to continue their current train-
ing programs throughout the study. In the last session, the
second Bruce test was done and VO2max was evaluated in
the pretest and posttest.

Height, weight, and BMI were assessed in details. These
data are shown in Table 1.

3.3. Routine Soccer Training

The routine training included a combination of offen-
sive and defensive training three times per week for 90 min
supervised by a coach.

3.4. VO2max Measurement

We used the Bruce test for estimating aerobic power
and predicting VO2max. The first Bruce test was done to
assess VO2max in female soccer players without drinking
(beetroot juice or placebo). The second Bruce test was done
after six weeks of beetroot juice ingestion. VO2max was
measured on a treadmill (HP Cosmos) using respiratory
gas discharge (Cortex Metalyzer 3B and Cortex Metamax
3B) in the Bruce test. Figure 1 shows the VO2max levels of
subjects in the experimental and control groups.
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Figure 1. VO2max in the experimental and control groups
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Table 1. Anthropometric Measurements (Weight, Height, and BMI)a

Variable Experimental Group Control Group P Value t Value

Weight, kg 58.56 ± 4.88 61.18 ± 2.48 0.14 -1.51

Height, cm 161.05 ± 5.10 162.60 ± 1.89 0.38 -0.90

BMI, kg/m2 22.55 ± 1.53 23.09 ± 0.58 0.31 -1.03

a Values are expressed as mean ± SD.

3.5. Statistical Analysis

Data were reported as means and standard deviations
(mean ± SD). Changes in VO2max over the six-week period
were assessed by paired samples t-test and independent
samples t-test. Statistical significance was defined as P <
0.05. The statistical analyses were performed using statisti-
cal package for social sciences (SPSS version 22). The results
of analyzing data are shown in Tables 2 and 3.

4. Results

The mean ± standard deviation (SD) value of VO2max
before the consumption of beetroot juice was 36.60 ±
3.02 and after six weeks of beetroot juice consumption, it
reached 42 ± 3.16. In the control group, the mean ± stan-
dard deviation (SD) value of VO2max before six weeks of
soccer training was 34.10 ± 3.51 that increased to 36.30 ±
3.43 after six weeks of soccer training. In both groups, we
observed a significant increase in VO2max (P < 0.001).

The findings unfolded that the overall difference in the
mean score of VO2max between the experimental and con-
trol groups was 3.20 with an SD of 0.258. It showed that af-
ter the administration of beetroot juice, there was a highly
significant improvement in the VO2max level of female
soccer players with a t value of 12.39 at P < 0.001.

5. Discussion

The presence of nitrate in beetroot juice has attracted
the attention of many researchers to this drink. How-
ever, there are contradictory results in various sports fields.
There are studies that evaluated the effects of beetroot
juice consumption on the athletic performance. Neverthe-
less, similar studies have not been carried out in female
soccer players. This is the first study that examined the ef-
fect of six weeks of beetroot juice ingestion on VO2max in
female soccer players. Boorsma et al. examined the im-
pact of beetroot juice consumption on the performance
of 1500-m elite runners. Acute (one session) and chronic
(eight sessions) consumption of (210 mL) beetroot juice
(containing 19.5 mmol nitrates) did not increase the per-
formance, which is inconsistent with the results of the cur-
rent study (13). Lowings et al. examined the effects of

beetroot juice consumption on the performance of trained
swimmers. They showed that beetroot juice consump-
tion although increased nitric oxide levels in the blood, it
did not improve the performance, which is inconsistent
with the results of the current research (14). Wylie et al.
examined the effects of five-day beetroot juice consump-
tion on the performance of male soccer players. The re-
sults showed that beetroot juice consumption improved
the performance and it might be an ergogenic aid for soc-
cer players, which is consistent with the results of the
present study (15). Kashania et al. evaluated the effects
of five days of beetroot juice consumption on VO2max in
male soccer players. Their research indicated that there
was a positive impact for beetroot juice on performance.
In fact, VO2max significantly increased in soccer players.
This finding is consistent with the results of the present
study (1). The main original finding of the study was that
the control group had a significant increase in VO2max lev-
els that could be related to the soccer training they were
performing. VO2max levels significantly increased in the
experimental group after six weeks of beetroot juice in-
gestion (P < 0.001), indicating the positive effect of beet-
root juice on VO2max. In fact, both groups had a signif-
icant increase in VO2max. Nevertheless, the increase in
the experimental group was more that could be attributed
to the six week-beetroot juice ingestion. This finding sug-
gests that chronic dietary nitrate intake in the form of
beetroot juice be an effective nutritional strategy to im-
prove the performance of athletes in intermittent sports
such as soccer. The main VO2max multiplying mechanism
of beetroot juice is based on the physiological role of ni-
trates and its subsequent conversion to NO; NO is a pow-
erful vasodilator, which increases oxygen delivery to ac-
tive muscles and makes mitochondria to be more effective
to generate large amounts of ATP. Increased exposure to
NO3- and NO2 has been reported to activate PGC1-α (per-
oxisome proliferator-activated receptor γ coactivator1-α)
(16) and adenosine monophosphate-activated protein ki-
nase (AMPK) (17) in skeletal muscles. These proteins are
known to activate signaling cascades that promote adap-
tive skeletal muscle remodeling to soccer training. It is
possible that the NO-mediated signaling cascades gener-
ated by beetroot juice are synergistic to molecular signal-
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Table 2. Differences in Pretest and Posttest VO2max in the Experimental and Control Groups

Group Pre Post t Value P Value

VO2max, mL/kg/min

Experimental 36.60 ± 3.02 42 ± 3.16 -33.06 < 0.001

Control 34.10 ± 3.51 36.30 ± 3.43 -11.000 < 0.001

Table 3. The Comparison of VO2max Score Between the Groups (N = 10)

Mean Difference SD Difference t Value P Value

VO2max 3.20 0.258 12.39 < 0.001

ing processes stimulated by soccer training. By augment-
ing transcription pathways integral to skeletal muscle re-
modeling and maintaining higher training intensities, the
aforementioned effects are exerted on muscle contractile
efficiency (18).

5.1. Conclusions

Based on the effects of six weeks of beetroot juice con-
sumption on improving VO2max and athletic performance
of female soccer players, it can be concluded that this
beverage is one of the best natural, inexpensive, and safe
drinks that we can recommend to female soccer players.
They can use this beverage before training or in different
bouts of soccer training. The cost of this juice is very low
and its consumption has many benefits for the body. In ad-
dition, this study provided a basis for interventional stud-
ies to generate scientific knowledge. Further comparative
research must be done for discovering the relationship
between dose-dependent beetroot juice consumption and
athletic performance in both sexes in different levels of
soccer training intensity.
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