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ABSTRACT

Background: Sport training places significant demand on athletes, motivating
them to seek strategies to enhance performance and maintain competitiveness.
The use of ergogenic aids has become prevalent in sport, although not without
potential risks. Hibiscus-ginger juice, rich in vitamins and minerals, has been
suggested to improve metabolism, aid in post-exercise recovery, reduce
inflammation, and enhance athletic performance. Aims: This study aimed to
investigate the effect of hibiscus ginger juice supplementation on aerobic
power and blood lactate levels in athletes. Methods: A pretest-posttest
experimental design was employed, involving 28 university athletes aged 20 —
37 years. Participants were randomly assigned to a treatment group receiving
500 mL of hibiscus-ginger juice daily after training for 24 days, or a control
group. Physiological measures of blood lactate levels and aerobic power were
assessed on three separate occasions during the study period. Results: Mixed
model ANOVA showed no significant differences in blood lactate levels (p =
.502) or aerobic power (p = .117). Daily consumption of 500 mL of hibiscus-
ginger juice for 24 days did not significantly alter aerobic power or blood
lactate levels of athletes. Conclusion: The findings suggest that consuming
hibiscus-ginger juice may not provide a performance advantage for athletes
compared to those who do not.

Keywords: Acute supplementation, aerobic power, blood lactate level,
hibiscus-ginger juice, university athletes.
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Knowing the appropriate foods, drinks, and supplements to

Optimum performance in athletic abilities requires an athlete
to have access to a healthy diet for recuperation (Burke et al.,
2013). Performers go through a series of activities that stress
the metabolic pathways causing greater demand for fluid
replacement and energy expenditure. Athletes must eat
enough food, water, and supplements to keep up with their
increased energy requirements and fluid consumption.

AfAc

consume, as well as their quantities and timing, is complicated
when trying to improve athletic performance (Thomas et al.,
2016).

Regular movement increases body turnover, micronutrient
loss, energy expenses, and fluid requirements (Tarazona-Diaz,
et al., 2013). Because of this understanding, using ergogenic
aids, protein supplements, vitamin supplements, and mineral
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supplements while training has become a widespread practice
for athletes. Energy drinks have become one of the most
common ergogenic aids consumed by athletes. The contents,
availability, and potency of energy drinks have made them
very attractive and the likely choice of ergogenic aid amongst
most athletes (Buxton & Hagan, 2012). The potency of
energy drinks for both aerobic and anaerobic performances
has been investigated (Carvajal-Sancho & Moncada-Jimenez,
2005; Lufkin, 2011) however, with varying results.

Micronutrients function as catalysts for energy production
and are found in most energy drinks and supplements used by
athletes. However, a new era of supplementation has begun,
as per Babu et al. (2008), these micronutrients are better
absorbed in their natural states and through food than in their
manufactured forms. Because of this, the use of naturally
occurring or created items has expanded recently for health-
related reasons (Tarazona-Diaz, et al., 2013). Research
suggests that athletes who consume beetroot juice and
coconut water may see changes in their performance indices
(Clifford et al., 2016; Kalman et al., 2012). These organic
compounds include antioxidants, potassium, calcium, and
carbohydrates—all necessary for producing energy within
cells (Bentley et al., 2015). The micronutrients in these
natural products function as cofactors and coenzymes in the

process Of renewing energy.

Research aimed at determining the function of micronutrients
in athletic performance has demonstrated that the stressors
associated with sports participation lead to micronutrient
deficits, which may even arise when supplementation is used
(Madden et al., 2017). Sweating and oxidative responses
during workout are the cause of this deficit. Adequate
consumption and supplementation of micronutrients are
therefore crucial (Elkington et al., 2015). This is made
possible by some micronutrients' antioxidant properties,
which set off a counter-reaction to lessen the impact of
oxidative processes.

Hibiscus Sabdariffa calyces are rich in antioxidants, vitamins,
and minerals. Additionally, the phenolic components and
flavonoids in the hibiscus calyces extract give it antioxidative
qualities (Afiune et al., 2017). Earlier studies have found that
Hibiscus Sabdariffa extract consumed for a month reduces
cholesterol levels dramatically (Lin et al., 2007) and also
enhances metabolism and lower blood pressure (Joven et al.,
2014).

The subtropical plant ginger is also high in vitamins and
minerals, including potassium, calcium, and magnesium
(Pirculescu et al., 2015), which are necessary for muscle
contraction and help postpone the beginning of muscle
weariness (Haakonssen et al., 2015). Because of its high
nutritional content, it lowers oxidative stress in athletes
(Haakonssen et al., 2015).
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During or after practice or competitions, university athletes
drink at least one can of energy drink every week to regain lost
energy, gain additional energy and fluids to the body, improve
performance, reduce weariness, and promote recuperation
(Buxton & Hagan, 2012). Many student athletes may be
aware of the negative consequences of energy drinks, such as
headaches, elevated heart rates, and stomachaches, yet they
nevertheless tend to drink them, ignoring their adverse effects
(Seifert et al., 2013). Because of their well-documented health
and therapeutic benefits, natural supplements like
pomegranate, watermelon, ginger, and hibiscus juice have
gained much popularity in the sports world (Lin et al., 2007;
Seifert et al., 2013; Tarazona-Diaz et al., 2013).

Popularly known as Sobolo or Bissap in Ghana and other West
African nations, hibiscus-ginger juice is a popular herbal
beverage made primarily of hibiscus calyces and ginger roots.
The two primary components of Sobolo, hibiscus calyces and
ginger, have significant vitamin and mineral concentrations.
Because of this, it is crucial for enhancing metabolism,
recovering from exercise, and improving performance in
athletes with little to no side effects.

Sobolo has been found to have medical benefits (Joven et al.,
2014), but there is no evidence that it can help athletes recover
or perform better. It is critical to support claims about
naturally healthy drinks with research if they are said to have
therapeutic benefits or the ability to improve sports
performance. Therefore, this study set out to investigate how
supplemental hibiscus-ginger juice affected a few key
physiological characteristics in collegiate athletes. The study
investigated the hypothesis that hibiscus-ginger juice
consumption significantly affects athletes' aerobic power and
blood lactate levels.

2 Methods
2.1 Participants

The study made use of 28 volunteer athletes from the
University of Cape Coast student-athletes. The athletes
participated in various sporting discipline including Hockey,
basketball, handball, and football players. These sports were
selected because athletes had similar characteristics in terms of
movement patterns, and duration of play.

2.2 Study Design

The study employed a pretest-posttest experimental design to
investigate the influence of hibiscus ginger juice
supplementation on aerobic power and blood lactate level.
Participants received sufficient information regarding their
rights and the goal of the study. Participants were free to leave
the study at any time if they desired. However, the researcher
retained the power to exclude any volunteer who was
discovered to be not adhering to the study's guidelines. The
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Yo-Yo intermittent recovery test was used to gauge aerobic
power, and blood samples were taken to evaluate blood lactate
levels at the conclusion of the pretest and final post-test.

2.3 Preparation of hibiscus ginger juice

This recipe was used in the preparation of three liters of the
hibiscus-ginger juice. The ingredients used include

1. 100 grams of dried hibiscus calyces

2. 100 grams of ginger rhizome

3. 200 grams of pineapple peels

4. 10 grams of peppercorn

5. 10 grams of cloves

6. 2.5 liters of drinking water

7. 0.5 liter of pineapple juice
Preparation Procedure

Pour the dried Hibiscus calyxus into a pot big enough to
contain 1.5 liters of water then add crushed ginger rhizomes,
washed pineapple peels, peppercorn and cloves. Add 2 liters
of drinking water to the combination and set on fire to boil.
Take the mixture off the fire five minutes after boiling and
allow it to cool down to room temperature. Add sugar to the
mixture after cooling and stir until the sugar dissolves. Add
pineapple juice to the mixture, bottle and refrigerate.

2.4 Data Collection Procedure

For ethical consideration, the research  protocol
(UCCIRB/CES/2019/38) was submitted to the University of
Cape Coast's Institutional Review Board for approval of the
research before commencing data collection. Three stages of
data collection were involved. In phase one, individuals were
recruited, acquainted with one another, and placed into
random groups for the study. The participants underwent the
Yo-Yo intermittent recovery test for familiarization purposes,
and the results obtained from this process were then used to
randomly allocate them into treatment and control groups.
Pretest data gathering constituted phase two. On this
particular day, the test was administered in large groups to
ensure precise measurements, after a 10-minute warm-up.
After the pretest, each participant had venous blood collected,
was given a refresher, and was then sent on their way. On the
other hand, participants in the treatment group received a
briefing regarding how they would be provided with hibiscus
ginger juice following every training session for the duration
of 24 days while the alternate group received nothing. Two
post-test data gathering periods comprised phase three. After
the first two weeks (14 days), the first post-test was
administered, and the second one on the 24th day. However,
blood was only taken on the twenty-fourth day.
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2.5 Statistical analysis

The data from participants was processed using the Statistical
Package of Social Science (SPSS) Version 20. Data was first
screened for entry errors using frequency and percentages. A
mixed-design ANOVA was used in testing the hypothesis for
the study.

3 Results

After meeting the presumptions, a mixed model ANOVA was
used to analyze the blood lactate analysis data. Participants'
blood lactate levels were divided into blood lactate 1 (BL1)
and blood lactate 2 (BL2). Blood lactate levels after pretest
ranged from 8.74mmol/L to 11.61mmol/L (M = 10.18, SD =
3.27) for the treatment group and from 6.32mmol/L to
8.99mmol/L (M = 7.66, SD = 1.61) for the control group.,
after the post-test, blood lactate levels ranged from
6.51mmol/L to 11.72mmol/L (M = 9.11, SD = 4.04) for the
treatment group and 7.56mmol/L to 12.41mmol/L (M =
9.98, SD = 4.99) for the control group.

A 2(Time) x 2(Group) mixed model ANOVA revealed that
the main effect for GRP was not significant F (1, 26) = .463,
2 =.502, n,” = .018. Thus, there was no significant overall
difference in the blood lactate of treatment (M = 9.65)
compared to control (M = 8.82). Main effects for time (Blood
lactate) were also not statistically significant F (1, 26) = .811,
p = .376, n/7 = .030. However, blood lactate increased over
time from BL1 (M = 8.92) to BL2 (M = 9.55). Time x Group

Table 1. ANOVA result for the effect of consumption of

hibiscus-ginger on blood lactate levels.

F-value | Significance Pardlal cta
df B o squared
)
811 .376 .030

Blood lactate 1

Blood lactate

*
* GRP 1 5.832 .023 .183
GRP 1 463 .502 .018
Error 26

N = 28(treatment = 13, control = 15) *significant at p<0.05 level

was significant, F (1, 26) = 5.832, p = .023, /7 = 1.83,
implying

that for each of the groups, blood lactate levels changed
significantly with time. Examination of the cell means
indicated that for the treatment group, there was a decrease
from BL1 (M = 10.18) to BL2 (M = 9.11). In the control

group however, with time, blood lactate increased from BL1

(M =7.66) to BL2 (M =9.98).
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Aerobic power was measured in the pretest and two post-tests
with a Yo-Yo test on three different occasions. These measures
were recorded and classified as aerobic power 1 (VO max1),
aerobic power 2 (VO max2), and acrobic power 3
(VO2max3). Pretest measures of VOimax 1 ranged from
38.7 5 mllkg/min 1O 5 3miikg/min (M = 44.61, SD = 3.55). First posttest
measures of VO.max 2, ranged from 38.58mingmin to
54.54mingmin (M = 45.19, SD = 3.87) and second posttest
measures of VO:max 3 ranged from 39.10miigmin to

54.88mikg/min (M = 44.74, SD = 4.06).

A 3(Time) x 2(Group) mixed model ANOVA revealed that
the main effect for GRP was not significant 7 (1, 26) = 2.631,
p =.117, 1, = .002. Thus, there was no overall significant
difference in the VO2max of treatment (M = 46.00) compared
to control (M = 43.84). The main effects for time (VO,max)
were also not statistically significant F (2, 52) = 1.117, p =
.335, n,° = .041. However, VO,max increased over time from
VOumaxl (M = 44.67) to VOumax2 (M = 45.27) then
dropped to VOxmax3 (M = 44.83). Time x Group was also
not significant, F (2, 52) = .691, p = .507, n,° = .026.

Table 2. ANOVA results for the effect of consumption of

hibiscus-ginger on acrobic power.

df | F-value | Significan | Partial eta
03] ce (p squared
(1)
VO max 2 1.117 .335 .041
VO; max * 2 691 506 026
GRP
GRP 1 2.631 117 .002

N = 28 (treatment = 13, control = 15). *Significant at p<0.05 level
Error df (within-subject = 52, between-subject = 26).

Examination of the cell means indicated that for the treatment
group, there was an increase from VO:max1 (M = 45.47) to
VO.max2 (M = 46.42) which later dropped in VO2max3 (M
= 46.12). In the same way, the control group, with time, had
VO:max increase from VOxmax1 (M = 43.86) to VO.max2
(M = 44.13), but dropped in VO2max3 (M = 43.55).

4 Discussion

In this study, blood lactate levels and aerobic power were
examined in relation to hibiscus-ginger juice consumption. As
factors that could be impacted by consuming and using the
nutrients in the hibiscus-ginger juice, these variables were
looked at in the study. Though research on the notion itself is
scarce due to its novelty, studies on the individual key
ingredients ginger and hibiscus and their effects on sports
performance have been conducted (Hadi et al., 2017;
Mardanpour-Shahrekordi et al., 2017; Matsumura et al.,
2015; Perez et al., 2019). Moreover, other studies have been
conducted on the effects of various extracts with comparable
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nutrients and qualities to hibiscus and ginger on physiological
parameters and athletic performance (Clifford et al., 2016;
Kalman et al., 2012).

The hypothesis test results, which examined whether hibiscus-
ginger juice consumption would significantly affect athletes'
blood lactate levels, revealed no significant effect. This finding
is consistent with another study indicating that antioxidant
supplements did not significantly alter blood lactate levels
(Klarod et al., 2015). Reactive oxygen metabolites and
maximal exercise performance did not alter in the heat or cold,
with or without short-term antioxidant treatment, according
to Klorad et al. (2015). Despite their tests being conducted in
various temperatures, they also used a test that was conducted
until fatigue and collected blood samples following the test to
compare it to the current study. The current study's
antioxidant qualities are also present in the employed
treatment.

In contrast to these results, research using natural antioxidant
supplements has revealed notable alterations in blood lactate
levels (Hadi et al., 2017: Jordan et al., 2010). According to
Jordan et al. (2010) beta-alanine administration delayed the
onset of blood lactate buildup and improved performance.
Unlike the current investigation, Jordan et al. (2010) and
Hadi et al. (2017) did not directly assess the participants'
blood lactate levels. Additionally, Matsumura et al. (2015)
observed that taking a 4 g dosage of ginger may help reduce
oxidative stress-induced muscle damage and speed up the
recovery of muscle strength after strenuous exercise. Since
muscular strength is crucial for athletic success, this may also
aid in enhancing general athletic performance.

In the present investigation, athletes in the treatment group
consumed a single juice containing both hibiscus and ginger
extracts. This, in layman's terms, ought to have improved the
athletes' oxidative capacity, as indicated by blood lactate
measurements. Contrary to expectations, however, this
therapy did not appreciably affect blood lactate. This could be
due to the athletes’ work intensity throughout the testing
period, which may not have caused considerable oxidative
stress and, therefore the negligible changes in blood lactate
levels (Klarod et al., 2015). Reviewing the study's data, it
appeared that the treatment group's blood lactate levels had
decreased compared to the control group, even though this
did not statistically significantly reflect a between subject
difference for the hypothesis test examining the impact of
hibiscus-ginger juice on blood lactate levels. Further
investigation into this, using alternative methods for
measuring blood lactate, is therefore necessary in order to
potentially yield improved findings.

After 24 days of supplementing with hibiscus-ginger juice,
aerobic power (measured as VO2max using the YoYo test) did
not significantly differ between treatment and control groups.

G,
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This finding is consistent with other similar studies (Perez et
al., 2019; Wilson, 2015), which also found no improvements
in VO2max following supplementation with similar
treatments. Wilson, (2015) reported little to no effect of acute
ginger supplement on oxygen consumption in a review article.
Once more, non-significant findings regarding the impact of
beetroot juice on VO2max in fit, recreationally trained
individuals were reported by Perez et al. (2019). Conversely,
studies have demonstrated increases in VO2max in middle-
aged, obese women with type 2 diabetes who supplemented
with ginger throughout a ten-week training period
(Mardanpour-Shahrekordi et al., 2017). Regarding the
antioxidant content of the applied treatments, these
investigations bear similarities to the present investigation.
The length of time the treatment was given, as well as the
training periods, varies slightly. As opposed to the current
study's subjects, who are involved in daily exercise, the
participants in the study conducted by Reinks et al. (2015)
were not in training when the VO2max tests previously stated
were conducted. Because the athletes in this study trained
twice a day, there is a strong chance that weariness will set in
and alter the Yo-Yo's results. This could account for the
study's conflicting findings. Once more, notable outcomes
reported by Nyakayiru et al. (2017) occurred six days after
supplementation, a duration that precludes weariness from
impacting the outcomes, in contrast to the current
investigation, where athletes were constantly training twice

daily for 24 days.
Unlike Mardanpour-Shahrekordi et al., (2017), where the

participants were obese people who lost weight over the course
of the study's ten weeks, potentially leading to improvements
in their aerobic power, the participants in the current study
had been exercising prior to the study's start, which could have
had an impact on their training gains during the study. The
results of the current study indicate that the treatment group's
aerobic power increased from the pretest to the second post-
test, but this difference was not statistically significant. This
could suggest that, with more time, the dynamics of the
hibiscus-ginger juice in aerobic power could have been better
understood. As stated in related studies, the supplementation's
dosage affects how effective it is at enhancing performance
(Perez et al., 2019). Given that the athletes in the current
study were receiving medication consisting of 500 milliliters
of hibiscus-ginger juice each day, this may also have been the
case. Another possibility is that the supplement's
concentration was insufficient to produce a noticeable
difference (Perez et al., 2019). Although the reasons for the
contradictory results are unclear, there are a number of
potential contributing factors, including changes in the
intensity and length of the activity tests, the amount and
timing of supplement administration, and the interval
between administration and testing. Additionally, in contrast

to the earlier investigations, the athletes in the current trial
received treatment every day after training as they were
consuming supplements after training. This is crucial for
muscle repair (Matsumura et al,, 2015), which boosts
performance; however, the results of the present investigation
did not support this. The data indicated a slight increase in
the aerobic power of the treatment group, indicating that
although the statistical test for between-subjects and within-
subjects effects was not significant, there may still be a chance
for aerobic power improvements with additional studies using
modified treatment and methodology. Furthermore, as was
the case with Reinks et al. (2015), future prospective research
might take into account ingesting the hibiscus-ginger juice
prior to exercising.

5 Conclusion

Following a 24-day period of 500 mL per day of hibiscus-
ginger juice consumption, only the time interaction effects for
blood lactate levels for within factor effects on groups—and
not the between-subject impact for treatment and control
groups—were significant. Athletes’ aerobic power was
unaffected by consuming 500 mL of hibiscus-ginger juice for
a duration of 24 days. Thus, it can be said that giving athletes
who are training a 500 mL dose of hibiscus-ginger juice for 24
days did not significantly alter their blood lactate levels or
aerobic power. However, because this research on hibiscus-
ginger juice supplementation in athletes is new, more research
with other doses and more extended supplementation periods
is required before conclusive findings and supplementation
recommendations can be made.
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	Abstract                                            Article information        
	Background: Sport training places significant demand on athletes, motivating them to seek strategies to enhance performance and maintain competitiveness. The use of ergogenic aids has become prevalent in sport, although not without potential risks. Hibiscus-ginger juice, rich in vitamins and minerals, has been suggested to improve metabolism, aid in post-exercise recovery, reduce inflammation, and enhance athletic performance. Aims: This study aimed to investigate the effect of hibiscus ginger juice supplementation on aerobic power and blood lactate levels in athletes. Methods: A pretest-posttest experimental design was employed, involving 28 university athletes aged 20 – 37 years. Participants were randomly assigned to a treatment group receiving 500 mL of hibiscus-ginger juice daily after training for 24 days, or a control group. Physiological measures of blood lactate levels and aerobic power were assessed on three separate occasions during the study period. Results: Mixed model ANOVA showed no significant differences in blood lactate levels (p = .502) or aerobic power (p = .117). Daily consumption of 500 mL of hibiscus-ginger juice for 24 days did not significantly alter aerobic power or blood lactate levels of athletes. Conclusion: The findings suggest that consuming hibiscus-ginger juice may not provide a performance advantage for athletes compared to those who do not.
	Keywords: Acute supplementation, aerobic power, blood lactate level, hibiscus-ginger juice, university athletes.
	1 Introduction
	Optimum performance in athletic abilities requires an athlete to have access to a healthy diet for recuperation (Burke et al., 2013). Performers go through a series of activities that stress the metabolic pathways causing greater demand for fluid replacement and energy expenditure. Athletes must eat enough food, water, and supplements to keep up with their increased energy requirements and fluid consumption. Knowing the appropriate foods, drinks, and supplements to consume, as well as their quantities and timing, is complicated when trying to improve athletic performance (Thomas et al., 2016). 
	Regular movement increases body turnover, micronutrient loss, energy expenses, and fluid requirements (Tarazona-Diaz, et al., 2013). Because of this understanding, using ergogenic aids, protein supplements, vitamin supplements, and mineral supplements while training has become a widespread practice for athletes. Energy drinks have become one of the most common ergogenic aids consumed by athletes. The contents, availability, and potency of energy drinks have made them very attractive and the likely choice of ergogenic aid amongst most athletes (Buxton & Hagan, 2012). The potency of energy drinks for both aerobic and anaerobic performances has been investigated (Carvajal-Sancho & Moncada-Jimenez, 2005; Lufkin, 2011) however, with varying results.
	During or after practice or competitions, university athletes drink at least one can of energy drink every week to regain lost energy, gain additional energy and fluids to the body, improve performance, reduce weariness, and promote recuperation (Buxton & Hagan, 2012). Many student athletes may be aware of the negative consequences of energy drinks, such as headaches, elevated heart rates, and stomachaches, yet they nevertheless tend to drink them, ignoring their adverse effects (Seifert et al., 2013). Because of their well-documented health and therapeutic benefits, natural supplements like pomegranate, watermelon, ginger, and hibiscus juice have gained much popularity in the sports world (Lin et al., 2007; Seifert et al., 2013; Tarazona-Diaz et al., 2013).
	Micronutrients function as catalysts for energy production and are found in most energy drinks and supplements used by athletes. However, a new era of supplementation has begun, as per Babu et al. (2008), these micronutrients are better absorbed in their natural states and through food than in their manufactured forms. Because of this, the use of naturally occurring or created items has expanded recently for health-related reasons (Tarazona-Diaz, et al., 2013). Research suggests that athletes who consume beetroot juice and coconut water may see changes in their performance indices (Clifford et al., 2016; Kalman et al., 2012). These organic compounds include antioxidants, potassium, calcium, and carbohydrates—all necessary for producing energy within cells (Bentley et al., 2015). The micronutrients in these natural products function as cofactors and coenzymes in the process of renewing energy.
	Popularly known as Sobolo or Bissap in Ghana and other West African nations, hibiscus-ginger juice is a popular herbal beverage made primarily of hibiscus calyces and ginger roots. The two primary components of Sobolo, hibiscus calyces and ginger, have significant vitamin and mineral concentrations. Because of this, it is crucial for enhancing metabolism, recovering from exercise, and improving performance in athletes with little to no side effects.  
	Sobolo has been found to have medical benefits (Joven et al., 2014), but there is no evidence that it can help athletes recover or perform better. It is critical to support claims about naturally healthy drinks with research if they are said to have therapeutic benefits or the ability to improve sports performance. Therefore, this study set out to investigate how supplemental hibiscus-ginger juice affected a few key physiological characteristics in collegiate athletes. The study investigated the hypothesis that hibiscus-ginger juice consumption significantly affects athletes' aerobic power and blood lactate levels.
	Research aimed at determining the function of micronutrients in athletic performance has demonstrated that the stressors associated with sports participation lead to micronutrient deficits, which may even arise when supplementation is used (Madden et al., 2017). Sweating and oxidative responses during workout are the cause of this deficit. Adequate consumption and supplementation of micronutrients are therefore crucial (Elkington et al., 2015). This is made possible by some micronutrients' antioxidant properties, which set off a counter-reaction to lessen the impact of oxidative processes. 
	2 Methods
	2.1 Participants
	The study made use of 28 volunteer athletes from the University of Cape Coast student-athletes. The athletes participated in various sporting discipline including Hockey, basketball, handball, and football players. These sports were selected because athletes had similar characteristics in terms of movement patterns, and duration of play.
	Hibiscus Sabdariffa calyces are rich in antioxidants, vitamins, and minerals. Additionally, the phenolic components and flavonoids in the hibiscus calyces extract give it antioxidative qualities (Afiune et al., 2017). Earlier studies have found that Hibiscus Sabdariffa extract consumed for a month reduces cholesterol levels dramatically (Lin et al., 2007) and also enhances metabolism and lower blood pressure (Joven et al., 2014).
	2.2 Study Design
	The study employed a pretest-posttest experimental design to investigate the influence of hibiscus ginger juice supplementation on aerobic power and blood lactate level. Participants received sufficient information regarding their rights and the goal of the study. Participants were free to leave the study at any time if they desired. However, the researcher retained the power to exclude any volunteer who was discovered to be not adhering to the study's guidelines. The Yo-Yo intermittent recovery test was used to gauge aerobic power, and blood samples were taken to evaluate blood lactate levels at the conclusion of the pretest and final post-test.
	The subtropical plant ginger is also high in vitamins and minerals, including potassium, calcium, and magnesium (Pirculescu et al., 2015), which are necessary for muscle contraction and help postpone the beginning of muscle weariness (Haakonssen et al., 2015). Because of its high nutritional content, it lowers oxidative stress in athletes (Haakonssen et al., 2015).
	2.3 Preparation of hibiscus ginger juice
	2.4 Data Collection Procedure
	2.5 Statistical analysis
	The data from participants was processed using the Statistical Package of Social Science (SPSS) Version 20. Data was first screened for entry errors using frequency and percentages. A mixed-design ANOVA was used in testing the hypothesis for the study.
	This recipe was used in the preparation of three liters of the hibiscus-ginger juice. The ingredients used include
	3 Results
	1. 100 grams of dried hibiscus calyces
	2. 100 grams of ginger rhizome
	After meeting the presumptions, a mixed model ANOVA was used to analyze the blood lactate analysis data. Participants' blood lactate levels were divided into blood lactate 1 (BL1) and blood lactate 2 (BL2). Blood lactate levels after pretest ranged from 8.74mmol/L to 11.61mmol/L (M = 10.18, SD = 3.27) for the treatment group and from 6.32mmol/L to 8.99mmol/L (M = 7.66, SD = 1.61) for the control group., after the post-test, blood lactate levels ranged from 6.51mmol/L to 11.72mmol/L (M = 9.11, SD = 4.04) for the treatment group and 7.56mmol/L to 12.41mmol/L (M = 9.98, SD = 4.99) for the control group.   
	3. 200 grams of pineapple peels
	4. 10 grams of peppercorn
	5. 10 grams of cloves
	6. 2.5 liters of drinking water
	7. 0.5 liter of pineapple juice
	Preparation Procedure
	Pour the dried Hibiscus calyxus into a pot big enough to contain 1.5 liters of water then add crushed ginger rhizomes, washed pineapple peels, peppercorn and cloves. Add 2 liters of drinking water to the combination and set on fire to boil. Take the mixture off the fire five minutes after boiling and allow it to cool down to room temperature. Add sugar to the mixture after cooling and stir until the sugar dissolves. Add pineapple juice to the mixture, bottle and refrigerate.
	A 2(Time) x 2(Group) mixed model ANOVA revealed that the main effect for GRP was not significant F (1, 26) = .463, p = .502, ηp2 = .018. Thus, there was no significant overall difference in the blood lactate of treatment (M = 9.65) compared to control (M = 8.82). Main effects for time (Blood lactate) were also not statistically significant F (1, 26) = .811, p = .376, ηp2 = .030. However, blood lactate increased over time from BL1 (M = 8.92) to BL2 (M = 9.55). Time x Group was significant, F (1, 26) = 5.832, p = .023, ηp2 = 1.83, implying 
	For ethical consideration, the research protocol (UCCIRB/CES/2019/38) was submitted to the University of Cape Coast's Institutional Review Board for approval of the research before commencing data collection. Three stages of data collection were involved. In phase one, individuals were recruited, acquainted with one another, and placed into random groups for the study. The participants underwent the Yo-Yo intermittent recovery test for familiarization purposes, and the results obtained from this process were then used to randomly allocate them into treatment and control groups. Pretest data gathering constituted phase two. On this particular day, the test was administered in large groups to ensure precise measurements, after a 10-minute warm-up. After the pretest, each participant had venous blood collected, was given a refresher, and was then sent on their way. On the other hand, participants in the treatment group received a briefing regarding how they would be provided with hibiscus ginger juice following every training session for the duration of 24 days while the alternate group received nothing. Two post-test data gathering periods comprised phase three. After the first two weeks (14 days), the first post-test was administered, and the second one on the 24th day. However, blood was only taken on the twenty-fourth day.
	Table 1. ANOVA result for the effect of consumption of hibiscus-ginger on blood lactate levels.
	that for each of the groups, blood lactate levels changed significantly with time. Examination of the cell means indicated that for the treatment group, there was a decrease from BL1 (M = 10.18) to BL2 (M = 9.11). In the control group however, with time, blood lactate increased from BL1 (M = 7.66) to BL2 (M = 9.98). 
	Aerobic power was measured in the pretest and two post-tests with a Yo-Yo test on three different occasions. These measures were recorded and classified as aerobic power 1 (VO2 max1), aerobic power 2 (VO2 max2), and aerobic power 3 (VO2max3). Pretest measures of VO2max 1 ranged from 38.75ml/kg/min to 53ml/kg/min (M = 44.61, SD = 3.55). First posttest measures of VO2max 2, ranged from 38.58ml/kg/min to 54.54ml/kg/min (M = 45.19, SD = 3.87) and second posttest measures of VO2max 3 ranged from 39.10ml/kg/min to 54.88ml/kg/min (M = 44.74, SD = 4.06).
	The hypothesis test results, which examined whether hibiscus-ginger juice consumption would significantly affect athletes' blood lactate levels, revealed no significant effect. This finding is consistent with another study indicating that antioxidant supplements did not significantly alter blood lactate levels (Klarod et al., 2015). Reactive oxygen metabolites and maximal exercise performance did not alter in the heat or cold, with or without short-term antioxidant treatment, according to Klorad et al. (2015). Despite their tests being conducted in various temperatures, they also used a test that was conducted until fatigue and collected blood samples following the test to compare it to the current study. The current study's antioxidant qualities are also present in the employed treatment.
	A 3(Time) x 2(Group) mixed model ANOVA revealed that the main effect for GRP was not significant F (1, 26) = 2.631, p = .117, ηp2 = .002. Thus, there was no overall significant difference in the VO2max of treatment (M = 46.00) compared to control (M = 43.84). The main effects for time (VO2max) were also not statistically significant F (2, 52) = 1.117, p = .335, ηp2 = .041. However, VO2max increased over time from VO2max1 (M = 44.67) to VO2max2 (M = 45.27) then dropped to VO2max3 (M = 44.83). Time x Group was also not significant, F (2, 52) = .691, p = .507, ηp2 = .026. Examination of the cell means indicated that for the treatment group, there was an increase from VO2max1 (M = 45.47) to VO2max2 (M = 46.42) which later dropped in VO2max3 (M = 46.12). In the same way, the control group, with time, had VO2max increase from VO2max1 (M = 43.86) to VO2max2 (M = 44.13), but dropped in VO2max3 (M = 43.55).
	In contrast to these results, research using natural antioxidant supplements has revealed notable alterations in blood lactate levels (Hadi et al., 2017: Jordan et al., 2010). According to Jordan et al. (2010) beta-alanine administration delayed the onset of blood lactate buildup and improved performance. Unlike the current investigation, Jordan et al. (2010) and Hadi et al. (2017) did not directly assess the participants' blood lactate levels. Additionally, Matsumura et al. (2015) observed that taking a 4 g dosage of ginger may help reduce oxidative stress-induced muscle damage and speed up the recovery of muscle strength after strenuous exercise. Since muscular strength is crucial for athletic success, this may also aid in enhancing general athletic performance.
	In the present investigation, athletes in the treatment group consumed a single juice containing both hibiscus and ginger extracts. This, in layman's terms, ought to have improved the athletes' oxidative capacity, as indicated by blood lactate measurements. Contrary to expectations, however, this therapy did not appreciably affect blood lactate. This could be due to the athletes' work intensity throughout the testing period, which may not have caused considerable oxidative stress and, therefore the negligible changes in blood lactate levels (Klarod et al., 2015). Reviewing the study's data, it appeared that the treatment group's blood lactate levels had decreased compared to the control group, even though this did not statistically significantly reflect a between subject difference for the hypothesis test examining the impact of hibiscus-ginger juice on blood lactate levels. Further investigation into this, using alternative methods for measuring blood lactate, is therefore necessary in order to potentially yield improved findings.
	4 Discussion
	In this study, blood lactate levels and aerobic power were examined in relation to hibiscus-ginger juice consumption. As factors that could be impacted by consuming and using the nutrients in the hibiscus-ginger juice, these variables were looked at in the study. Though research on the notion itself is scarce due to its novelty, studies on the individual key ingredients ginger and hibiscus and their effects on sports performance have been conducted (Hadi et al., 2017; Mardanpour-Shahrekordi et al., 2017; Matsumura et al., 2015; Perez et al., 2019). Moreover, other studies have been conducted on the effects of various extracts with comparable nutrients and qualities to hibiscus and ginger on physiological parameters and athletic performance (Clifford et al., 2016; Kalman et al., 2012).
	After 24 days of supplementing with hibiscus-ginger juice, aerobic power (measured as VO2max using the YoYo test) did not significantly differ between treatment and control groups. This finding is consistent with other similar studies (Perez et al., 2019; Wilson, 2015), which also found no improvements in VO2max following supplementation with similar treatments. Wilson, (2015) reported little to no effect of acute ginger supplement on oxygen consumption in a review article. Once more, non-significant findings regarding the impact of beetroot juice on VO2max in fit, recreationally trained individuals were reported by Perez et al. (2019). Conversely, studies have demonstrated increases in VO2max in middle-aged, obese women with type 2 diabetes who supplemented with ginger throughout a ten-week training period (Mardanpour-Shahrekordi et al., 2017). Regarding the antioxidant content of the applied treatments, these investigations bear similarities to the present investigation. The length of time the treatment was given, as well as the training periods, varies slightly. As opposed to the current study's subjects, who are involved in daily exercise, the participants in the study conducted by Reinks et al. (2015) were not in training when the VO2max tests previously stated were conducted. Because the athletes in this study trained twice a day, there is a strong chance that weariness will set in and alter the Yo-Yo's results. This could account for the study's conflicting findings. Once more, notable outcomes reported by Nyakayiru et al. (2017) occurred six days after supplementation, a duration that precludes weariness from impacting the outcomes, in contrast to the current investigation, where athletes were constantly training twice daily for 24 days. 
	5 Conclusion
	Following a 24-day period of 500 mL per day of hibiscus-ginger juice consumption, only the time interaction effects for blood lactate levels for within factor effects on groups—and not the between-subject impact for treatment and control groups—were significant. Athletes' aerobic power was unaffected by consuming 500 mL of hibiscus-ginger juice for a duration of 24 days. Thus, it can be said that giving athletes who are training a 500 mL dose of hibiscus-ginger juice for 24 days did not significantly alter their blood lactate levels or aerobic power. However, because this research on hibiscus-ginger juice supplementation in athletes is new, more research with other doses and more extended supplementation periods is required before conclusive findings and supplementation recommendations can be made.
	Unlike Mardanpour-Shahrekordi et al., (2017), where the participants were obese people who lost weight over the course of the study's ten weeks, potentially leading to improvements in their aerobic power, the participants in the current study had been exercising prior to the study's start, which could have had an impact on their training gains during the study. The results of the current study indicate that the treatment group's aerobic power increased from the pretest to the second post-test, but this difference was not statistically significant. This could suggest that, with more time, the dynamics of the hibiscus-ginger juice in aerobic power could have been better understood. As stated in related studies, the supplementation's dosage affects how effective it is at enhancing performance (Perez et al., 2019). Given that the athletes in the current study were receiving medication consisting of 500 milliliters of hibiscus-ginger juice each day, this may also have been the case. Another possibility is that the supplement's concentration was insufficient to produce a noticeable difference (Perez et al., 2019). Although the reasons for the contradictory results are unclear, there are a number of potential contributing factors, including changes in the intensity and length of the activity tests, the amount and timing of supplement administration, and the interval between administration and testing. Additionally, in contrast to the earlier investigations, the athletes in the current trial received treatment every day after training as they were consuming supplements after training. This is crucial for muscle repair (Matsumura et al., 2015), which boosts performance; however, the results of the present investigation did not support this. The data indicated a slight increase in the aerobic power of the treatment group, indicating that although the statistical test for between-subjects and within-subjects effects was not significant, there may still be a chance for aerobic power improvements with additional studies using modified treatment and methodology. Furthermore, as was the case with Reinks et al. (2015), future prospective research might take into account ingesting the hibiscus-ginger juice prior to exercising.
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Background: Sport training places significant demand on athletes, motivating them to seek strategies to enhance performance and maintain competitiveness. The use of ergogenic aids has become prevalent in sport, although not without potential risks. Hibiscus-ginger juice, rich in vitamins and minerals, has been suggested to improve metabolism, aid in post-exercise recovery, reduce inflammation, and enhance athletic performance. Aims: This study aimed to investigate the effect of hibiscus ginger juice supplementation on aerobic power and blood lactate levels in athletes. Methods: A pretest-posttest experimental design was employed, involving 28 university athletes aged 20 – 37 years. Participants were randomly assigned to a treatment group receiving 500 mL of hibiscus-ginger juice daily after training for 24 days, or a control group. Physiological measures of blood lactate levels and aerobic power were assessed on three separate occasions during the study period. Results: Mixed model ANOVA showed no significant differences in blood lactate levels (p = .502) or aerobic power (p = .117). Daily consumption of 500 mL of hibiscus-ginger juice for 24 days did not significantly alter aerobic power or blood lactate levels of athletes. Conclusion: The findings suggest that consuming hibiscus-ginger juice may not provide a performance advantage for athletes compared to those who do not.

Keywords: Acute supplementation, aerobic power, blood lactate level, hibiscus-ginger juice, university athletes.
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1 Introduction 

Optimum performance in athletic abilities requires an athlete to have access to a healthy diet for recuperation (Burke et al., 2013). Performers go through a series of activities that stress the metabolic pathways causing greater demand for fluid replacement and energy expenditure. Athletes must eat enough food, water, and supplements to keep up with their increased energy requirements and fluid consumption. Knowing the appropriate foods, drinks, and supplements to consume, as well as their quantities and timing, is complicated when trying to improve athletic performance (Thomas et al., 2016). 

Regular movement increases body turnover, micronutrient loss, energy expenses, and fluid requirements (Tarazona-Diaz, et al., 2013). Because of this understanding, using ergogenic aids, protein supplements, vitamin supplements, and mineral supplements while training has become a widespread practice for athletes. Energy drinks have become one of the most common ergogenic aids consumed by athletes. The contents, availability, and potency of energy drinks have made them very attractive and the likely choice of ergogenic aid amongst most athletes (Buxton & Hagan, 2012). The potency of energy drinks for both aerobic and anaerobic performances has been investigated (Carvajal-Sancho & Moncada-Jimenez, 2005; Lufkin, 2011) however, with varying results.

Micronutrients function as catalysts for energy production and are found in most energy drinks and supplements used by athletes. However, a new era of supplementation has begun, as per Babu et al. (2008), these micronutrients are better absorbed in their natural states and through food than in their manufactured forms. Because of this, the use of naturally occurring or created items has expanded recently for health-related reasons (Tarazona-Diaz, et al., 2013). Research suggests that athletes who consume beetroot juice and coconut water may see changes in their performance indices (Clifford et al., 2016; Kalman et al., 2012). These organic compounds include antioxidants, potassium, calcium, and carbohydrates—all necessary for producing energy within cells (Bentley et al., 2015). The micronutrients in these natural products function as cofactors and coenzymes in the process of renewing energy.

Research aimed at determining the function of micronutrients in athletic performance has demonstrated that the stressors associated with sports participation lead to micronutrient deficits, which may even arise when supplementation is used (Madden et al., 2017). Sweating and oxidative responses during workout are the cause of this deficit. Adequate consumption and supplementation of micronutrients are therefore crucial (Elkington et al., 2015). This is made possible by some micronutrients' antioxidant properties, which set off a counter-reaction to lessen the impact of oxidative processes. 

Hibiscus Sabdariffa calyces are rich in antioxidants, vitamins, and minerals. Additionally, the phenolic components and flavonoids in the hibiscus calyces extract give it antioxidative qualities (Afiune et al., 2017). Earlier studies have found that Hibiscus Sabdariffa extract consumed for a month reduces cholesterol levels dramatically (Lin et al., 2007) and also enhances metabolism and lower blood pressure (Joven et al., 2014).

The subtropical plant ginger is also high in vitamins and minerals, including potassium, calcium, and magnesium (Pirculescu et al., 2015), which are necessary for muscle contraction and help postpone the beginning of muscle weariness (Haakonssen et al., 2015). Because of its high nutritional content, it lowers oxidative stress in athletes (Haakonssen et al., 2015).

During or after practice or competitions, university athletes drink at least one can of energy drink every week to regain lost energy, gain additional energy and fluids to the body, improve performance, reduce weariness, and promote recuperation (Buxton & Hagan, 2012). Many student athletes may be aware of the negative consequences of energy drinks, such as headaches, elevated heart rates, and stomachaches, yet they nevertheless tend to drink them, ignoring their adverse effects (Seifert et al., 2013). Because of their well-documented health and therapeutic benefits, natural supplements like pomegranate, watermelon, ginger, and hibiscus juice have gained much popularity in the sports world (Lin et al., 2007; Seifert et al., 2013; Tarazona-Diaz et al., 2013).

Popularly known as Sobolo or Bissap in Ghana and other West African nations, hibiscus-ginger juice is a popular herbal beverage made primarily of hibiscus calyces and ginger roots. The two primary components of Sobolo, hibiscus calyces and ginger, have significant vitamin and mineral concentrations. Because of this, it is crucial for enhancing metabolism, recovering from exercise, and improving performance in athletes with little to no side effects.  

Sobolo has been found to have medical benefits (Joven et al., 2014), but there is no evidence that it can help athletes recover or perform better. It is critical to support claims about naturally healthy drinks with research if they are said to have therapeutic benefits or the ability to improve sports performance. Therefore, this study set out to investigate how supplemental hibiscus-ginger juice affected a few key physiological characteristics in collegiate athletes. The study investigated the hypothesis that hibiscus-ginger juice consumption significantly affects athletes' aerobic power and blood lactate levels.

2 Methods

2.1 Participants

[bookmark: _Hlk175302311]The study made use of 28 volunteer athletes from the University of Cape Coast student-athletes. The athletes participated in various sporting discipline including Hockey, basketball, handball, and football players. These sports were selected because athletes had similar characteristics in terms of movement patterns, and duration of play.

2.2 Study Design

The study employed a pretest-posttest experimental design to investigate the influence of hibiscus ginger juice supplementation on aerobic power and blood lactate level. Participants received sufficient information regarding their rights and the goal of the study. Participants were free to leave the study at any time if they desired. However, the researcher retained the power to exclude any volunteer who was discovered to be not adhering to the study's guidelines. The Yo-Yo intermittent recovery test was used to gauge aerobic power, and blood samples were taken to evaluate blood lactate levels at the conclusion of the pretest and final post-test.

2.3 Preparation of hibiscus ginger juice

This recipe was used in the preparation of three liters of the hibiscus-ginger juice. The ingredients used include

1. 100 grams of dried hibiscus calyces

2. 100 grams of ginger rhizome

3. 200 grams of pineapple peels

4. 10 grams of peppercorn

5. 10 grams of cloves

6. 2.5 liters of drinking water

7. 0.5 liter of pineapple juice

Preparation Procedure

Pour the dried Hibiscus calyxus into a pot big enough to contain 1.5 liters of water then add crushed ginger rhizomes, washed pineapple peels, peppercorn and cloves. Add 2 liters of drinking water to the combination and set on fire to boil. Take the mixture off the fire five minutes after boiling and allow it to cool down to room temperature. Add sugar to the mixture after cooling and stir until the sugar dissolves. Add pineapple juice to the mixture, bottle and refrigerate.

2.4 Data Collection Procedure

For ethical consideration, the research protocol (UCCIRB/CES/2019/38) was submitted to the University of Cape Coast's Institutional Review Board for approval of the research before commencing data collection. Three stages of data collection were involved. In phase one, individuals were recruited, acquainted with one another, and placed into random groups for the study. The participants underwent the Yo-Yo intermittent recovery test for familiarization purposes, and the results obtained from this process were then used to randomly allocate them into treatment and control groups. Pretest data gathering constituted phase two. On this particular day, the test was administered in large groups to ensure precise measurements, after a 10-minute warm-up. After the pretest, each participant had venous blood collected, was given a refresher, and was then sent on their way. On the other hand, participants in the treatment group received a briefing regarding how they would be provided with hibiscus ginger juice following every training session for the duration of 24 days while the alternate group received nothing. Two post-test data gathering periods comprised phase three. After the first two weeks (14 days), the first post-test was administered, and the second one on the 24th day. However, blood was only taken on the twenty-fourth day.Table 1. ANOVA result for the effect of consumption of hibiscus-ginger on blood lactate levels.



df

F-value

(F)

Significance

(p)

Partial eta squared (ηp2)

Blood lactate

1

.811

.376

.030

Blood lactate * GRP

1

5.832

.023*

.183

GRP

1

.463

.502

.018

Error

26







N = 28(treatment = 13, control = 15) *significant at p<0.05 level





2.5 Statistical analysis

The data from participants was processed using the Statistical Package of Social Science (SPSS) Version 20. Data was first screened for entry errors using frequency and percentages. A mixed-design ANOVA was used in testing the hypothesis for the study.

3 Results

After meeting the presumptions, a mixed model ANOVA was used to analyze the blood lactate analysis data. Participants' blood lactate levels were divided into blood lactate 1 (BL1) and blood lactate 2 (BL2). Blood lactate levels after pretest ranged from 8.74mmol/L to 11.61mmol/L (M = 10.18, SD = 3.27) for the treatment group and from 6.32mmol/L to 8.99mmol/L (M = 7.66, SD = 1.61) for the control group., after the post-test, blood lactate levels ranged from 6.51mmol/L to 11.72mmol/L (M = 9.11, SD = 4.04) for the treatment group and 7.56mmol/L to 12.41mmol/L (M = 9.98, SD = 4.99) for the control group.   

A 2(Time) x 2(Group) mixed model ANOVA revealed that the main effect for GRP was not significant F (1, 26) = .463, p = .502, ηp2 = .018. Thus, there was no significant overall difference in the blood lactate of treatment (M = 9.65) compared to control (M = 8.82). Main effects for time (Blood lactate) were also not statistically significant F (1, 26) = .811, p = .376, ηp2 = .030. However, blood lactate increased over time from BL1 (M = 8.92) to BL2 (M = 9.55). Time x Group was significant, F (1, 26) = 5.832, p = .023, ηp2 = 1.83, implying 

that for each of the groups, blood lactate levels changed significantly with time. Examination of the cell means indicated that for the treatment group, there was a decrease from BL1 (M = 10.18) to BL2 (M = 9.11). In the control group however, with time, blood lactate increased from BL1 (M = 7.66) to BL2 (M = 9.98). 

Aerobic power was measured in the pretest and two post-tests with a Yo-Yo test on three different occasions. These measures were recorded and classified as aerobic power 1 (VO2 max1), aerobic power 2 (VO2 max2), and aerobic power 3 (VO2max3). Pretest measures of VO2max 1 ranged from 38.75ml/kg/min to 53ml/kg/min (M = 44.61, SD = 3.55). First posttest measures of VO2max 2, ranged from 38.58ml/kg/min to 54.54ml/kg/min (M = 45.19, SD = 3.87) and second posttest measures of VO2max 3 ranged from 39.10ml/kg/min to 54.88ml/kg/min (M = 44.74, SD = 4.06).

A 3(Time) x 2(Group) mixed model ANOVA revealed that the main effect for GRP was not significant F (1, 26) = 2.631, p = .117, ηp2 = .002. Thus, there was no overall significant difference in the VO2max of treatment (M = 46.00) compared to control (M = 43.84). The main effects for time (VO2max) were also not statistically significant F (2, 52) = 1.117, p = .335, ηp2 = .041. However, VO2max increased over time from VO2max1 (M = 44.67) to VO2max2 (M = 45.27) then dropped to VO2max3 (M = 44.83). Time x Group was also not significant, F (2, 52) = .691, p = .507, ηp2 = .026. Examination of the cell means indicated that for the treatment group, there was an increase from VO2max1 (M = 45.47) to VO2max2 (M = 46.42) which later dropped in VO2max3 (M = 46.12). In the same way, the control group, with time, had VO2max increase from VO2max1 (M = 43.86) to VO2max2 (M = 44.13), but dropped in VO2max3 (M = 43.55).Table 2. ANOVA results for the effect of consumption of hibiscus-ginger on aerobic power.



df

F-value

(F)

Significance (p)

Partial eta squared (ηp2)

VO2 max

2

1.117

.335

.041

VO2 max * GRP

2

.691

.506

.026

GRP

1

2.631

.117

.002

N = 28 (treatment = 13, control = 15). *Significant at p<0.05 level

Error df (within-subject = 52, between-subject = 26).





4 Discussion

In this study, blood lactate levels and aerobic power were examined in relation to hibiscus-ginger juice consumption. As factors that could be impacted by consuming and using the nutrients in the hibiscus-ginger juice, these variables were looked at in the study. Though research on the notion itself is scarce due to its novelty, studies on the individual key ingredients ginger and hibiscus and their effects on sports performance have been conducted (Hadi et al., 2017; Mardanpour-Shahrekordi et al., 2017; Matsumura et al., 2015; Perez et al., 2019). Moreover, other studies have been conducted on the effects of various extracts with comparable nutrients and qualities to hibiscus and ginger on physiological parameters and athletic performance (Clifford et al., 2016; Kalman et al., 2012).

The hypothesis test results, which examined whether hibiscus-ginger juice consumption would significantly affect athletes' blood lactate levels, revealed no significant effect. This finding is consistent with another study indicating that antioxidant supplements did not significantly alter blood lactate levels (Klarod et al., 2015). Reactive oxygen metabolites and maximal exercise performance did not alter in the heat or cold, with or without short-term antioxidant treatment, according to Klorad et al. (2015). Despite their tests being conducted in various temperatures, they also used a test that was conducted until fatigue and collected blood samples following the test to compare it to the current study. The current study's antioxidant qualities are also present in the employed treatment.

In contrast to these results, research using natural antioxidant supplements has revealed notable alterations in blood lactate levels (Hadi et al., 2017: Jordan et al., 2010). According to Jordan et al. (2010) beta-alanine administration delayed the onset of blood lactate buildup and improved performance. Unlike the current investigation, Jordan et al. (2010) and Hadi et al. (2017) did not directly assess the participants' blood lactate levels. Additionally, Matsumura et al. (2015) observed that taking a 4 g dosage of ginger may help reduce oxidative stress-induced muscle damage and speed up the recovery of muscle strength after strenuous exercise. Since muscular strength is crucial for athletic success, this may also aid in enhancing general athletic performance.

In the present investigation, athletes in the treatment group consumed a single juice containing both hibiscus and ginger extracts. This, in layman's terms, ought to have improved the athletes' oxidative capacity, as indicated by blood lactate measurements. Contrary to expectations, however, this therapy did not appreciably affect blood lactate. This could be due to the athletes' work intensity throughout the testing period, which may not have caused considerable oxidative stress and, therefore the negligible changes in blood lactate levels (Klarod et al., 2015). Reviewing the study's data, it appeared that the treatment group's blood lactate levels had decreased compared to the control group, even though this did not statistically significantly reflect a between subject difference for the hypothesis test examining the impact of hibiscus-ginger juice on blood lactate levels. Further investigation into this, using alternative methods for measuring blood lactate, is therefore necessary in order to potentially yield improved findings.

After 24 days of supplementing with hibiscus-ginger juice, aerobic power (measured as VO2max using the YoYo test) did not significantly differ between treatment and control groups. This finding is consistent with other similar studies (Perez et al., 2019; Wilson, 2015), which also found no improvements in VO2max following supplementation with similar treatments. Wilson, (2015) reported little to no effect of acute ginger supplement on oxygen consumption in a review article. Once more, non-significant findings regarding the impact of beetroot juice on VO2max in fit, recreationally trained individuals were reported by Perez et al. (2019). Conversely, studies have demonstrated increases in VO2max in middle-aged, obese women with type 2 diabetes who supplemented with ginger throughout a ten-week training period (Mardanpour-Shahrekordi et al., 2017). Regarding the antioxidant content of the applied treatments, these investigations bear similarities to the present investigation. The length of time the treatment was given, as well as the training periods, varies slightly. As opposed to the current study's subjects, who are involved in daily exercise, the participants in the study conducted by Reinks et al. (2015) were not in training when the VO2max tests previously stated were conducted. Because the athletes in this study trained twice a day, there is a strong chance that weariness will set in and alter the Yo-Yo's results. This could account for the study's conflicting findings. Once more, notable outcomes reported by Nyakayiru et al. (2017) occurred six days after supplementation, a duration that precludes weariness from impacting the outcomes, in contrast to the current investigation, where athletes were constantly training twice daily for 24 days. 

Unlike Mardanpour-Shahrekordi et al., (2017), where the participants were obese people who lost weight over the course of the study's ten weeks, potentially leading to improvements in their aerobic power, the participants in the current study had been exercising prior to the study's start, which could have had an impact on their training gains during the study. The results of the current study indicate that the treatment group's aerobic power increased from the pretest to the second post-test, but this difference was not statistically significant. This could suggest that, with more time, the dynamics of the hibiscus-ginger juice in aerobic power could have been better understood. As stated in related studies, the supplementation's dosage affects how effective it is at enhancing performance (Perez et al., 2019). Given that the athletes in the current study were receiving medication consisting of 500 milliliters of hibiscus-ginger juice each day, this may also have been the case. Another possibility is that the supplement's concentration was insufficient to produce a noticeable difference (Perez et al., 2019). Although the reasons for the contradictory results are unclear, there are a number of potential contributing factors, including changes in the intensity and length of the activity tests, the amount and timing of supplement administration, and the interval between administration and testing. Additionally, in contrast to the earlier investigations, the athletes in the current trial received treatment every day after training as they were consuming supplements after training. This is crucial for muscle repair (Matsumura et al., 2015), which boosts performance; however, the results of the present investigation did not support this. The data indicated a slight increase in the aerobic power of the treatment group, indicating that although the statistical test for between-subjects and within-subjects effects was not significant, there may still be a chance for aerobic power improvements with additional studies using modified treatment and methodology. Furthermore, as was the case with Reinks et al. (2015), future prospective research might take into account ingesting the hibiscus-ginger juice prior to exercising.

5 [bookmark: _Conclusion][bookmark: _Hlk122633614]Conclusion

Following a 24-day period of 500 mL per day of hibiscus-ginger juice consumption, only the time interaction effects for blood lactate levels for within factor effects on groups—and not the between-subject impact for treatment and control groups—were significant. Athletes' aerobic power was unaffected by consuming 500 mL of hibiscus-ginger juice for a duration of 24 days. Thus, it can be said that giving athletes who are training a 500 mL dose of hibiscus-ginger juice for 24 days did not significantly alter their blood lactate levels or aerobic power. However, because this research on hibiscus-ginger juice supplementation in athletes is new, more research with other doses and more extended supplementation periods is required before conclusive findings and supplementation recommendations can be made.
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