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Abstract 

Background: Beetroot juice (BJ) and caffeine (CAF) are considered as ergogenic aids among athletes to enhance 
performance, however, the ergogenic effects of BJ and CAF co-ingestion are unclear during  team-sport-specific 
performance. This study aimed to investigate the acute effects of BJ and CAF co-ingestion on team-sport-specific 
performance, compared with placebo (PL), BJ, and CAF alone.

Method: Sixteen semi-professional male soccer players (age: 19.8 ± 2.2 years, body mass: 69.2 ± 6.1 kg, height: 
177.3 ± 6.0 cm) completed four experimental trials using a randomized, double-blind study design: BJ + CAF, 
CAF + PL, BJ + PL, and PL + PL. Countermovement jump with arm swing (CMJAS) performance and cognitive function 
by Stroop Word-Color test were evaluated before and after the Yo–Yo Intermittent Recovery Test level 1 (YYIR1). Also, 
rate of perceived exertion (RPE), heart rate, and gastrointestinal (GI) discomfort were measured during each session.

Results: No significant differences were shown between test conditions for total distance covered in YYIR1 (BJ + CAF: 
1858 ± 455 m, CAF + PL: 1798 ± 422 m, BJ + PL: 1845 ± 408 m, PL + PL 1740 ± 362 m; p = 0.55). Moreover, CMJAS per-
formance, cognitive function, and RPE during the YYIR1 were not significantly different among conditions (p > 0.05). 
However, the average heart rate during the YYIR1 was higher in CAF + PL compared to PL + PL (by 6 ± 9 beats/min; 
p < 0.05), and  GI distress was greater in BJ + CAF compared to PL + PL (by 2.4 ± 3.6 a.u.; p < 0.05).

Conclusion: These results suggest, neither acute co-ingestion of BJ + CAF nor BJ or CAF supplementation alone 
significantly affected team-sport-specific performance compared to the PL treatment.
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Background
Soccer is one of the most popular sports globally, and 
FIFA estimated a 34% increase in the number of partici-
pants between 2000 and 2011 [1]. Soccer players require 
high levels of aerobic fitness to cover large distances dur-
ing match play (> 10 km) [2] while a cognitive component 
is also required due to decision-making during games 
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[3]. Team-sport-specific tests such as Yo–Yo Intermit-
tent Recovery Test 1 (YYIR1) and 2 (YYIR2) are used to 
simulate competition demands and evaluate intermit-
tent running performance changes in team-sport ath-
letes. Krustrup  et al. [4] showed that  performance in 
the YYIR1 test is significantly correlated (r = 0.81) with 
the number of high-intensity running actions performed 
at the end of each half of a game. The widespread use of 
nutritional supplements is commonplace within the sport 
to enhance athletic performance. While there is some 
evidence to support the use of selected performance sup-
plements in specific soccer scenarios (e.g., creatine, beta-
alanine, bicarbonate, caffeine, and nitrate/beetroot juice), 
there is a lack of information relating to the combination 
of these products and their combined ergogenic effects 
[5].

Caffeine (CAF) is a hugely popular supplement for soc-
cer players aiming to improve performance [6]. Physi-
ological responses following ingestion include increased 
catecholamine secretion, neuromuscular function, vigi-
lance and alertness, and reduced perception of effort 
during exercise [7]. Some studies reported an improve-
ment in total distance covered during soccer match-play 
[8], while others failed to show  ergogenic effects of CAF 
on time to fatigue test in soccer players [9]. Nonetheless, 
CAF may be an effective supplement to improve soccer-
specific exercise capacity.

Nitrate-rich beetroot juice (BJ) is another popular 
nutritional supplement which may be of interest for 
soccer. Specifically, improvements in team sport-spe-
cific tests like the YYIR1  have been shown with nitrate 
 (NO3−) supplementation [10, 11], though some studies 
reported no improvement in team-sport high-intensity 
efforts during sport-specific actions following BJ inges-
tion [12, 13]. Mechanisms to explain these performance 
enhancements include increased blood flow, muscle con-
traction, calcium handling, and mechanical efficiency 
[14, 15]. Thus, BJ may also be an effective supplement to 
improve soccer-specific exercise capacity.

While the ergogenic effects of BJ and CAF may be of 
interest for team-sports athletes, information typically 
results from generic protocols that are isolated from 
other strategies that the athletes may also be imple-
menting. In practice, athletes tend to consume several 
supplements simultaneously [5]. The combined use of 
supplements can occur either acutely, targeting a spe-
cific competition, or chronically throughout a training 
program. In this regard, previous studies have inves-
tigated the combination of BJ and CAF within a labo-
ratory environment with contrasting results [16–19]. 
Cognitive function is essential for athletic performance 
with variables such as attention, memory, and executive 
functions involving working memory, decision-making, 

and multitasking shown to be improved by CAF and BJ 
ingestion separately [20, 21]. However, no studies have 
evaluated the combined effects of BJ and CAF on soccer-
specific exercise capacity, lower limb muscular power 
measured by countermovement jump with arm swing 
(CMJAS), or cognitive performance. Given the inde-
pendent beneficial effects that BJ and CAF may have on 
soccer-specific exercise capacity and their different phys-
iological pathways, combining these two supplements 
may result in additive effects.

The current study aimed to investigate the isolated and 
combined effects of CAF and BJ supplementation on 
performance during the YYIR1, CMJAS, and cognitive 
function. We hypothesized that the increased CNS drive 
and reduced perceived exertion elicited by CAF supple-
mentation, combined with improvements in metabolic 
efficiency resulting from BJ ingestion, would improve 
exercise capacity compared with taking each supplement 
in isolation or consuming a placebo (PL).

Methods
Participants
Eighteen semi-professional male soccer players from a 
competitive provincial soccer club volunteered to take 
part in the study. No participants reported any injury in 
the six months before the study or had used any ergo-
genic aids in the three months before the study. Partici-
pants completed a training history questionnaire, which 
revealed that they had been involved in soccer activity 
for ten years and trained five times each week (⁓ 9  h) 
during the investigation. Participants were informed 
of the potential risks, benefits, and dissemination of 
the research before providing written informed con-
sent to participate. Tehran University Ethics Commit-
tee approved the study (IR.UT.SPORT.REC.1399.040) in 
accordance with the Declaration of Helsinki. Two partici-
pants failed to complete the study due to injuries unre-
lated to the protocol. Therefore, sixteen participants (age: 
19.8 ± 2.2 y; body mass [BM]: 69.2 ± 6.1 kg; BMI: 22.1 kg/
m2; height: 1.77 ± 0.06 m) completed the study (Fig. 1).

Experimental design
The study followed a randomized, placebo-controlled, 
double-blind design (Fig. 1). Participants completed five 
test visits, including one familiarization session and four 
experimental trials with a one-week washout between 
each visit. During the familiarization, participants per-
formed all aspects of the tests and procedures of the 
research. To avoid any influence from circadian variation 
as has been reported in previous studies, all trials were 
performed at the same time of day (11:00–13:00) for each 
participant [22, 23]. Our participants were not habitu-
ated to CAF (< 50 mg·day−1) as determined by a validated 
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questionnaire [24]. Participants recorded 24-h food dia-
ries before the familiarization session and were required 
to follow the same diet for 24 h before each experimen-
tal session and refrain from strenuous exercise for 48  h 
before each trial. This was checked by making a phone 
call before each session. Participants were given a list of 
 NO3−-rich and caffeinated foods and drinks and were 
instructed to avoid consuming these items for 72 h before 
each trial. Furthermore, participants were asked to avoid 
using antibacterial mouthwash for 48 h before each trial 

to prevent the disruption of  NO3−-reducing bacteria in 
the enterosalivary circulation [25] (Fig. 2).

Supplementation protocols
Participants ingested one 60-mL bottle of fluid contain-
ing either 6.4  mmol  (NO3−), 500  mg L-Arginine, and 
L-Ornithine (Red Beet Vinitrox Shot; Sponsor Ltd; Ger-
many) or  NO3− depleted dried powder as a PL, from the 
same bottle 2.5 h before the start of the Stroop test. The 
PL was prepared by dissolving 1 g of dried powdered BJ 
in 1 L of mineral water and adding lemon juice to mimic 

Fig. 1 Participant allocation according to BJ + CAF, BJ + PL, CAF + PL, PL + PL. BJ, Beetroot juice; CAF, caffeine; PL, placebo
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the commercial supplement’s taste. Even though the 
BJ present in the PL could have a minimum content of 
 NO3−, the small proportion of desiccated BJ in the bot-
tle of PL (0.015  g), along with the restricted intake of 
foods rich in  NO3− 72 h before the start of each session 
ensured that subjects working under the PL condition 
were depleted of  NO3− [26]. Participants also ingested a 
capsule containing 5 mg/kg BM of CAF (Cat. No. C0750; 
Sigma-Aldrich; Steinheim; Germany) or cellulose as PL 
60 min before the start of the Stroop test. This resulted 
in four experimental trials consisting of BJ + CAF, 
CAF + PL, BJ + PL, and PL + PL. To ensure the double-
blind study design, all supplements were randomized and 
blinded by an independent researcher not involved in the 
data collection. Participants were randomly assigned to 
each experimental condition using a Latin Square model 
[27] and Research Randomizer (www. rando mizer. org). 
All participants were in a postprandial state before every 
test, having ingested a standardized breakfast of plain 
white bread and boiled eggs (1.5 g·kg−1 BM carbohydrate 
and 20 g protein) 3–4 h before the test.

Exercise protocols
YYIR1
Following a 10-min standardized warm-up of stretch-
ing and jogging, participants started the YYIR1, which 
was performed indoors on a wooden surface within run-
ning lanes. Briefly, participants were required to perform 

2 × 20-m shuttle runs repeatedly at a gradually progres-
sive speed managed by bleeps provided by an audio sys-
tem. Between every 2 × 20-m run, participants had 10 s 
of active recovery during which they walked around a 
cone placed 5 m behind the start/finish line [28]. A warn-
ing was given when a participant failed to cross the fin-
ish line before the bleep. When a participant was unable 
to cross the finish line before two consecutive bleeps, 
the last completed stage was registered, and the total 
distance covered was recorded as a measure of perfor-
mance. Water was provided ad  libitum throughout the 
rest period.

Heart rate (HR) was recorded continuously throughout 
the test using a standard monitor (Polar H10, Polar Team 
software, Kempele, Finland), with  mean (HRav) and 
maximum (HRmax) values extracted as outcome vari-
ables, while the rating of perceived exertion (RPE; 6–20 
scale) was recorded after every shuttle throughout the 
test. RPE data were subsequently averaged for every stage 
of the YYIR1 for statistical analysis.

CMJAS
Countermovement jump with arm swing (CMJAS) is 
suitable for soccer players and has been shown to gen-
erate ~ 15% greater  jump  height than CMJ in soccer 
players [29]. An experienced researcher informed par-
ticipants of the proper CMJAS technique using video 
and live demonstrations during the familiarization 

Fig. 2 Schematic representation of the study design. BJ, Beetroot Juice; CAF, caffeine; PL, placebo; CMJAS, countermovement jump with arm swing, 
YYIR1, Yo–Yo intermittent recovery test level 1

http://www.randomizer.org


Page 5 of 11Berjisian et al. BMC Sports Science, Medicine and Rehabilitation           (2022) 14:52  

session. Participants were instructed to stand with a 
straight torso and knees fully extended with the feet 
shoulder-width apart and then to perform a quick 
downward movement (to approximately 90° at the 
knees), followed by a fast-upward movement with the 
arms swinging back and forwards during the move-
ment. Each participant practiced the CMJAS until the 
researcher was satisfied that the technique was correct. 
During the experimental trials, participants performed 
three CMJAS immediately before and after the YYIR1 
using validated software (My jump2, https:// www. car-
los- balsa lobre. com/), with approximately 30  s of rest 
between jumps. The highest jump was used for subse-
quent data analysis.

Cognitive function assessment
The Stroop Word-Color test was performed immediately 
before and after the pre-and-post-CMJAS, to determine 
any effects of supplementation and exercise on attention, 
interference, and cognition [30]. The test included a page 
composed of one hundred names of different color words 
printed in black ink  (CW), a page containing one hun-
dred Xs printed in different colors (C), and a final page 
with one hundred words from the first page printed in 
colors from the second page, where the ink color did not 
match the name of the color word (W). Participants read 
the words on the first page, the colors of the Xs on the 
second page, and the words on the third page (independ-
ent of ink color). Participants had to read each page aloud 
as quickly as possible within a fixed time of 45  s. The 
number of accurate responses attained on each page dur-
ing the period was used to determine cognitive function. 
Each correct answer earned one point, and if the partici-
pant could repeat the pages within the period, the correct 
responses were included again. The first two pages evalu-
ate congruence, while the third page evaluates incongru-
ence or interference to determine the appropriate word, 
independent of the color [30].

Gastrointestinal discomfort
A questionnaire was used to evaluate any gastrointestinal 
(GI) discomfort symptoms 10  min before exercise [31]. 
This questionnaire included three sections, with each 
section containing four to seven questions, totaling 17 
questions. Section one considered upper-GI issues, sec-
tion two lower-GI issues, and section three any systemic 
problems like dizziness, headache, muscle cramp, and an 
urge to urinate. Each participant completed the 17 items 
on a 10-point scale ranging from 0 (no problems at all) to 
9 (the worst it has ever been). Session data were grouped 

as the sum of scores for either upper-GI or lower-GI 
symptoms.

Data analysis
Data were analyzed using the SAS statistical package 
(SAS® University Edition, SAS Institute Inc., USA) and 
are presented as mean ± SD. YYIR1 performance, HRav, 
HRmax, and GI discomfort were analyzed using a mixed 
model assuming supplementation (4 levels; BJ + CAF, 
CAF + PL, BJ + PL, and PL + PL) as fixed factors. The 
RPE was analyzed using a mixed model assuming sup-
plementation (4 levels; BJ + CAF, CAF + PL, BJ + PL, 
and PL + PL) and time (12 levels [YYIR1 stages]) as fixed 
factors. CMJAS (maximum jump height and power out-
put) and cognitive performance (CW, C, and W) were 
analyzed using a mixed model assuming supplemen-
tation (4 levels; as above) and time (2 levels; pre-and 
post- YYIR1) as fixed factors. Individuals were assumed 
as a random factor for all mixed models. Tukey–Kramer 
adjustments were performed when a significant F value 
was obtained. The data normality was determined using 
the Kolmogorov–Smirnov test and was confirmed for all 
variables except CW. These data were subsequently log-
transformed and analyzed. Data for GI discomfort were 
also non-normally distributed and were analyzed using 
a non-parametric Kruskal–Wallis test. Hedge’s g effect 
sizes with a small sample size correction and 95% confi-
dence intervals [CIs] were calculated for distance covered 
during the YYIR1, with minimum threshold values of 
0.01, 0.2, 0.5, and 0.8 used to describe effect sizes as very 
small, small, moderate and large [32]. Results were inter-
preted according to the statistical probabilities of reject-
ing the null hypothesis (H0) in the following categories: 
P ≥ 0.1: no evidence against H0; 0.05 ≤ P < 0.1: weak evi-
dence against H0; 0.01 ≤ P < 0.05: moderate evidence 
against H0; 0.001 ≤ P < 0.01: strong evidence against H0; 
P < 0.001: robust evidence against H0 [33].

Results
YYIR1
There was no evidence of a main effect of supplemen-
tation on total distance covered during the YYIR1 
(F = 0.71, p = 0.55), which was 1858 ± 455 m in BJ + CAF, 
1798 ± 422  m in CAF + PL, 1845 ± 408  m in BJ + PL 
and 1740 ± 362 m in PL + PL (Fig. 3). Group effect sizes 
ranged from very small to small (BJ + CAF vs. BJ + PL, 
g = 0.03 [95%CI: -0.66–0.72]; CAF + PL vs. BJ + PL, 
g = 0.11 [95%CI: − 0.58–0.80]; BJ + CAF vs. CAF + PL, 
g = 0.13 [95%CI: − 0.56–0.83]; CAF + PL vs. PL + PL, 
g = 0.14 [95%CI: − 0.55–0.84]; BJ + PL vs. PL + PL, 
g = 0.27 [95%CI: − 0.43–0.96]; BJ + CAF vs. PL + PL, 
g = 0.28 [95%CI: − 0.42–0.98]).

https://www.carlos-balsalobre.com/
https://www.carlos-balsalobre.com/
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Heart rate, RPE, and GI discomfort
There was moderate evidence of a main effect of sup-
plementation on HRav (F = 3.59, p = 0.02), which was 
175 ± 8 beats·min−1 in BJ + CAF, 177 ± 10 beats·min−1 in 
CAF + PL, 172 ± 10 beats·min−1 in BJ + PL and 171 ± 13 
beats·min−1 in PL + PL. Post-hoc analyses showed mod-
erate evidence of a difference between CAF + PL vs. 
PL + PL (p = 0.03). There was no evidence of a main 
effect of supplementation on HRmax (F = 0.43, p = 0.74), 
which was 198 ± 9 beats·min−1 in BJ + CAF, 200 ± 11 
beats·min−1 in CAF + PL, 196 ± 10 beats·min−1 in 
BJ + PL and 196 ± 10 beats·min−1 in PL + PL.

There was no evidence of a main effect of supplementa-
tion on RPE (F = 0.45, p = 0.72) or of a supplement × time 
interaction effect (F = 0.47, p = 0.99). However, there was 
robust evidence of a time effect (F = 796.90, p < 0.001), 
with RPE increasing throughout the exercise (Table 1).

There was no evidence of an effect of supplementa-
tion on upper-GI symptoms (p = 0.95), but there was 
moderate evidence of an effect on lower-GI symptoms 
(p = 0.02). The sum of scores showed moderate evidence 
for greater symptoms in BJ + CAF compared to PL + PL 
(2.4 ± 3.6 vs. 0.0 ± 0.0 a.u, respectively; p = 0.02), with 
no further evidence of differences. The sum of scores for 
CAF + PL was 0.9 ± 3.0 a.u. and for BJ + PL was 1.8 ± 3.8 
a.u., and scores were generally low (range: 0–13).

CMJAS
There was no evidence of a supplementation effect 
(F = 0.21, p = 0.89) or supplementation × time inter-
action (F = 1.26, p = 0.30) on maximum CMJAS jump 
height (Fig.  4A). However, there was weak evidence for 
a main effect of time (F = 2.87, p = 0.09), with higher 
jumps recorded post-YYIR1. There was no evidence of 
an effect of supplementation (F = 0.09, p = 0.97), time 
(F = 0.61, p = 0.44), or supplementation × time interac-
tion (F = 2.05, p = 0.12) on maximum CMJAS power out-
put (Fig. 4B).

Cognitive function
There was no evidence of a supplementation effect for 
Stroop test performance (CW: F = 1.10, p = 0.36; C: 
F = 0.31, p = 0.82; W: F = 0.38, p = 0.77), but there was 
strong evidence of a time effect (CW: F = 26.94, p < 0.001; 
W: F = 34.18, p < 0.001; C: F = 26.48, p < 0.001), with an 
increase in correct responses recorded post-YYIR1. There 
was weak evidence of an interaction for CW (F = 2.63, 
p = 0.06), with post-hoc analyses revealing very strong 
evidence of a difference from pre- to post-YYIR1 scores 
in CAF + PL (p = 0.0003; Table 2). By contrast, there was 

Fig. 3 Mean ± SD for distance covered in the YYIR1 during the 
different supplementation sessions. Individual data are illustrated 
with grey dots. BJ, Beetroot juice; CAF, caffeine; PL, placebo

Table 1 Mean ± SD for the rating of perceived exertion (RPE) for every stage of the YYIR1

BJ Beetroot juice, CAF caffeine, PL placebo

BJ + CAF CAF + PL BJ + PL PL + PL

RPE N RPE N RPE N RPE N

Stage 9 6 ± 0 16 6 ± 1 16 6 ± 0 16 6 ± 1 16

Stage 11 7 ± 1 16 7 ± 1 16 7 ± 1 16 7 ± 1 16

Stage 12 7 ± 0 16 7 ± 1 16 7 ± 1 16 7 ± 1 16

Stage 13 8 ± 1 16 8 ± 1 16 8 ± 1 16 8 ± 1 16

Stage 14 10 ± 1 16 9 ± 1 16 10 ± 1 16 10 ± 1 16

Stage 15 12 ± 2 16 11 ± 1 16 12 ± 2 16 12 ± 1 16

Stage 16 15 ± 3 15 14 ± 2 16 15 ± 3 15 15 ± 2 15

Stage 17 17 ± 3 13 17 ± 2 13 17 ± 2 13 17 ± 2 12

Stage 18 19 ± 2 10 18 ± 2 9 19 ± 2 11 19 ± 1 9

Stage 19 19 ± 1 6 19 ± 1 5 18 ± 2 3 20 ± 0 5

Stage 20 20 ± 1 3 20 ± 1 2 20 ± 0 2 - 0

Stage 21 20 1 - 0 - 0 - 0
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Fig. 4 Mean ± SD for maximum countermovement jump with arm swing height (A) and power output (B) pre- and post-YYIR1 during each 
supplementation condition. BJ, Beetroot juice; CAF, caffeine; PL, placebo

Table 2 Mean ± SD for number of correct responses during the Stroop test

* Significantly different from Pre in the respective condition (P < 0.001)

BJ Beetroot juice, CAF caffeine, PL placebo

CW C W

Pre Post* Pre Post* Pre Post*

BJ + CAF 120 ± 17 125 ± 14 97 ± 10 104 ± 14 127 ± 15 130 ± 15

CAF + PL 109 ± 15 123 ± 13* 94 ± 11 100 ± 14 121 ± 18 131 ± 14

BJ + PL 119 ± 18 127 ± 18 95 ± 16 104 ± 13 129 ± 18 135 ± 19

PL + PL 115 ± 15 118 ± 14 97 ± 14 102 ± 15 125 ± 15 135 ± 14
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no evidence of a supplementation × time interaction for 
C (F = 0.44, p = 0.72) or W (F = 1.52, p = 0.22) (Table 2).

Discussion
The current study investigated BJ and CAF supplemen-
tation effects on soccer-specific exercise capacity in iso-
lation and combination. Contrary to the hypothesis, 
BJ + CAF co-ingestion did not lead to superior effects 
compared to the ingestion of either BJ or CAF alone or in 
comparison to a PL condition. Moreover, supplementa-
tion of both BJ and CAF in isolation did not lead to per-
formance improvements compared to PL.

A growing body of scientific evidence supports the 
ergogenic benefits of BJ supplementation during high-
intensity intermittent activities. Wylie et al. [10] showed 
a 4.2% improvement in YYIR1 in recreationally active 
soccer players after ingesting 29  mmol of  NO3− over 
a 30-h period compared to a PL (1704 ± 304  m vs. 
1636 ± 288  m). Similarly, Thompson et  al. [34] reported 
a 3.4% improvement in YYIR1 performance in male 
team-sport players after five days of ingesting 6.4 mmol 
of  NO3− (1422 ± 502 vs. 1369 ± 505 m). Nyakayiru et al. 
[11] also reported enhanced YYIR1 performance with BJ 
compared to a PL (+ 3.4%) in trained soccer players after 
six days of ingesting 12.9 mmol of  NO3−. In contrast, our 
study showed that acute ingestion of 60 ml of  NO3−-rich 
BJ containing 6.4 mmol of  NO3− 2.5 h before exercise did 
not improve YYIR1 performance in semi-professional 
soccer players. The training status of the participants 
could explain the difference between our results and oth-
ers. Athletes here ran a higher distance in the test than 
those in previous studies [10, 11, 34], suggesting a supe-
rior training level. Based on the previous studies sug-
gesting BJ is less effective in more trained individuals, it 
is possible that individuals with a higher aerobic fitness 
level need a greater amount of  NO3−, perhaps via chronic 
supplementation, to sufficiently elevate intramuscular 
and plasma  NO3− to improve exercise performance [15, 
35]. Thus, an insufficient dose could explain, at least in 
part, the lack of an effect shown here. Furthermore, we 
used an acute dose of BJ that may not have been suffi-
cient to improve exercise capacity since previous studies 
showed improved YYIR1 performance following chronic 
supplementation, even though  NO3− doses > 5  mmol 
ingested approximately 2.5 h prior to exercise have pre-
viously been shown to exert ergogenic effects [15]. Fur-
thermore, data suggest that the quantity of  NO3− found 
in some commercially available  NO3− products may not 
entirely represent the claimed values [36, 37]. Thus, the 
possibility that the  NO3− supplement used had a sub-
optimal quantity of  NO3− cannot be entirely excluded. 
Our findings suggest that well-trained male team-sport 
athletes may require a chronic supplementation strategy 

and a higher total  NO3− dose to elicit ergogenic benefits, 
especially compared to that in recreational athletes [38], 
although this remains to be experimentally tested.

Caffeine is a popular ergogenic aid used extensively by 
team-sport athletes in doses ranging from 3 to 6 mg/kg 
BM [39]. However, equivocal findings are available con-
cerning the efficacy of CAF administration on YYIR1 
performance [40–42]. Ellis et al. [43] showed no improve-
ment in YYIR1 performance in elite male soccer players 
following the ingestion of 1–3 mg/kg BM of CAF, and the 
authors suggested that a higher dose may be required to 
elicit performance gains. However, the present study does 
not support this suggestion since there was no significant 
improvement in YYIR1 performance following inges-
tion of 5 mg/kg BM of CAF in semi-professional soccer 
players. Therefore, the current findings add to the body 
of evidence indicating no clear benefit of CAF on YYIR1 
performance. A recent meta-analysis by Grgic et al. [44] 
suggested that CAF improves YYIR2 performance, which 
may be due to the increased anaerobic system contribu-
tion. Inter-individual factors such as genotype variation, 
training status, and CAF tolerance have also been sug-
gested to modify the erogenicity of CAF [45] and may 
have contributed to the results, although these factors 
were not explored in the current study.

This is the first study that investigated whether co-
ingestion of BJ + CAF would be more effective than the 
ingestion of BJ or CAF alone during team-sport-specific 
exercise. In this regard, we hypothesized that the com-
bination of these two supplements would be synergistic 
due to distinct, but potentially complementary, mecha-
nisms. BJ was proposed to enhance the contractile func-
tion of type II muscle fibers and improve high-intensity 
intermittent performance [46]. Complementary  to this, 
CAF could improve exercise capacity via its influence 
on the central nervous system which could delay fatigue 
[47]. However, the findings demonstrated no improve-
ment during the YYIR1 test following combined- com-
pared to single-supplement ingestion or PL. Effect sizes 
suggest that the co-ingestion of BJ and CAF led to a mini-
mal increase in performance compared to CAF alone and 
compared to PL. Such an improvement may be worth-
while for soccer players, although confidence intervals 
were wide. Therefore, co-ingestion of these ergogenic 
aids before training and competition may be worth trial-
ing on an individual basis. Finally, the lack of ergogenic-
ity seen in these supplementation strategies may be 
related to external factors such as nutritional status (both 
acute and chronic), sleep pattern, physical activity level, 
training status, and small sample size [48]. Overall, this 
finding agrees with previous studies that reported no sig-
nificant effects of combining BJ + CAF on maximal and 
submaximal running [19] or cycling [16–18].
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There was moderate evidence for a higher HRav with 
CAF alone compared to PL, but not with the addition of 
BJ to CAF. This may be due to CAF ingestion’s effects on 
the autonomic nervous system by increasing catechola-
mine secretion, which consequently increases HR [39], 
while the vasodilatory effects of BJ may eliminate this 
effect. RPE increased throughout the YYIR1 protocol 
but was not influenced by supplementation. This is in 
contrast to substantial data showing reduced RPE with 
CAF supplementation [49]. It is unclear why there was 
no effect in our study. In the current study, some par-
ticipants reported low to moderate GI distress following 
BJ + CAF supplementation. The exact cause is unclear, 
and more studies are needed to confirm the safety and 
side-effects associated with BJ + CAF co-ingestion.

We showed no effect of supplementation on CMJAS 
jump height or power output. This result contrasts with a 
previous study that reported increased CMJ height after 
CAF supplementation [50, 51]. Previous studies reported 
no ergogenic effect of BJ on CMJ of professional ten-
nis players or basketball players at the dose employed 
in this study (6.4  mmol of  NO3−) [12, 13]. Although 
different studies have reported a reduced CMJ perfor-
mance post-exercise that have proposed the diminution 
of height reached post-exercise as an indicator of neuro-
muscular fatigue [52, 53]; a trend to a higher height on 
CMJ has been found in this study. In this case, the higher 
jumps recorded post-YYIR1 could be related to post-
activation performance enhancement during exercise 
running protocol that means the level of muscle poten-
tiation is greater than neuromuscular fatigue associated 
with running exercise [54]. Furthermore, CMJ is consid-
ered a good indicator of lower limb muscular power, and 
additional transference of upper limb force can induce a 
greater jump height during the execution of a CMJAS, 
where the arms are involved [29]. This transference of 
force is dependent on good coordination to transfer 
angular moments between the different body segments. 
The effect of BJ supplementation may be less pronounced 
when the movement becomes more complex and 
involves more moving parts, although this hypothesis 
remains to be tested.

Cognitive ability, which plays an important role in team 
sports performance, includes the action of perception, 
learning, decision-making, and communication, and  is 
sensitive to changes in physical demand, mood, and 
arousal [55]. At very high-intensity exercise (85%V̇O2peak) 
cognitive function deteriorates with a clear detrimen-
tal effect on reaction time [56]. Team sports players are 
generally required to make rapid and appropriate deci-
sions whilst simultaneously exercising at variable inten-
sities. There was an increase in correct responses during 
the Stroop test recorded post-YYIR1, consistent with 

previous studies suggesting that high-intensity intermit-
tent exercise may benefit cognitive function [57]. While 
these benefits are well known, the mechanisms by which 
they occur are unclear [57]. However, supplementation 
with BJ and/or CAF showed no significant cognitive 
function effect pre-or post-exercise. These findings agree 
with previous studies that have investigated the isolated 
effects of BJ [58] or CAF [59].

This study has some limitations. It was not possible to 
measure blood  NO3−, nitrite, or CAF concentrations, 
and the absence of these measurements might be con-
sidered the main limitation of the study. Similarly, we 
could not quantify the amount of  NO3− in the supple-
ment provided, which may be more variable than claimed 
[37]. Furthermore, we did not perform a sample size cal-
culation and chose to recruit a sample of convenience, 
which means our study might have been underpowered 
to detect small effects from supplementation protocols 
[60]. Also, blinding efficacy was not determined here; 
supplement identification could influence exercise out-
comes and is a potential source of bias in sports nutri-
tion [61]. The dosing strategy used here (an acute and low 
dose of BJ) is another possible limitation and it cannot be 
ruled out that greater or more chronic doses might lead 
to different results. Future research should consider these 
limitations to provide more insight into the co-inges-
tion of these ergogenic aids during team sport-specific 
performance.

Conclusion
The results of this study showed that neither CAF, BJ, 
nor a combination of both elicits significant beneficial 
effects on the team-sport-specific intermittent running 
test. Soccer athletes and coaches should be aware that 
these supplements may not enhance soccer-specific exer-
cise capacity or cognitive function. Future research may 
wish to determine whether a chronic BJ supplementation 
strategy is effective for soccer-specific exercise capacity, 
including soccer-specific tactical and technical tests, and 
whether these supplements are effective at improving 
YYIR2 performance.
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