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INTRODUCTION

ABSTRACT
INTRODUCTION: This study investigated the effects of Acacia honey drink on glucose

metabolism, total antioxidant status, and running performance in the heat and compared
it with a commercial sports drink. MATERIALS AND METHODS: In this randomised cross
-over study, ten participants completed two endurance running trials in the heat (31°C,
70% relative humidity) with either the honey drink (H) or sports drink (SPD)
consumption with a one-week interval between trials. The participants warmed up for 5
min at 50% of their respective maximum oxygen consumption (VO2max) and
subsequently ran at 60% of VO2max for 1 hour, immediately followed by a 20-min time
trial running performance. During the 20-min time trial, each participant’s furthest
running distance was recorded to determine the participants’ running performance. Blood
samples were analysed for glucose, insulin, cortisol, and total antioxidant status. RESULTS:
There was no difference in running performance during the honey and sports drink trials.
In addition, plasma glucose, insulin, and cortisol were also not statistically different at any
time points between H and SPD trials. However, the total antioxidant status was
significantly higher (p<0.01) than the resting value in the H tria. CONCLUSION: Our
findings indicate that H and SPD consumed before and during exercise elicited similar
effects on running performance, glucose metabolism and total antioxidant status during
prolonged running in the heat. Therefore, Acacia honey can be used as an alternative

ergogenic aid for athletes who train and compete in a hot and humid environment.

Carbohydrate is an important source of energy in The primary carbohydrates present in honey are

moderate to high-intensity exercise.! Athletes are often
advised to consume adequate carbohydrates before and
during exercise and replenish the carbohydrate stores
immediately after exercise.23 Carbohydrate intake has been
shown to delay muscular fatigue during prolonged
exercise and enhanced power output.>* In general, it is
recommended that athletes consume sports beverages
containing 6-8% carbohydrate to optimise gastric

emptying and fluid absorption during exercise.’

Honey is a natural supersaturated sugar that is primarily

composed of a complex mixture of carbohydrates.6
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monosaccharides glucose (~30-35%) and fructose (~35—
40%) depending on floral, geographical, entomological,
seasonal, and environmental factors.” Previous studies
have recommended that simultaneous consumption of
carbohydrates from multiple sources such as glucose and
fructose with a ratio of 2:1 (glucose: fructose) might
increase the oxidation capacity by up to ~75% higher
performance during prolonged exercise® compared to
consuming an equivalent dose of pure glucose.2?
Therefore, given the natural variation in the composition
of carbohydrates, honey might have a potential to be an

energy source for athletes or people who exercise.
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The honey used in the present study is Acacia honey.
Acacia honey is a Malaysian local product produced by
Apis Mellifera, cultured bees harvesting the extrafloral
nectar of Acacia Manginm trees.’9 Acacia honey has a
comparatively high concentration of fructose and a lower
glycaemic index than other honey types.!-12 Thus, Acacia
honey does not crystallise easily due to the high
concentration of fructose.!? This allows it to stay in a
liquid form much longer than other kinds of honey.
Furthermore, the lower glycaemic index of Acacia honey
might induce a lower insulinemic response and maintain
blood glucose concentrations for a much longer duration
during exercise, which is ideal for endurance sports as pre

- and during exercise nourishment.!3-15

In contrast, there are some conflicting findings on the
of

carbohydrates, including most commercially available

disadvantage consuming high glycaemic index
sports drinks, pre- and during prolonged strenuous
exercise.!617 It has been suggested that consumption of
high glycaemic index carbohydrates pre- and during
exercise elicited a hypoglycaemic response or a sharp

decline in the blood’s glucose concentrations.!3.18-19

Theoretically, this might be due to the surge of insulin
secretion in conjunction with enhanced muscle glucose
uptake and reduced liver glucose secretion. For example,
better maintenance of blood glucose concentration was
observed during the second half of simulated soccer
match-play when an 8% solution of low glycaemic index
isomaltose (GI: 32) was consumed during the pre-exercise
warm-up and at half-time, if compared with an equivalent
volume of high glycaemic index maltodextrin (GI: 90 -
100).13 This finding suggested a potential role for a low
glycaemic index carbohydrate such as Acacia honey as a
carbohydrate source for athletes involved in intermittent
team sports. This type of carbohydrate could release
glucose slowly from the gut into the bloodstream

throughout the exercise session.

It was reported that protein honey shakes sustained blood

sugar for over 2 hours following exercise compared to a
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placebo trial.20 Honey also elicits mild increases in blood
sugar and insulin, demonstrating that honey could
be an effective pre-workout energy source.?! Additionally,
consumption of honey has been shown to increase power
and speed during a cycling performance test compared to
dextrose, suggesting that honey may serve as a useful
alternative form of carbohydrates for athletes.?2 Yosef &
Shalaby (2010) demonstrated that honey intake resulted
in a lower skin temperature and improved blood glucose
among wrestlers.23 In this regard, exercising in the heat
causes profound thermoregulatory, cardiovascular, and
and
the

consumption of honey drinks during exercise in a hot and

metabolic changes that could impair performance

lead to heat injuries.2* Therefore, a study on
humid environment is warranted.

Free radical production has been shown to increase with
prolonged and strenuous exercises.?> Free radicals have
been postulated to be linked with muscular fatigue and
reduced exercise performance.?6 Antioxidants may play an
essential role for the sportspersons to enhance their
performance by reducing the deleterious effect of free
radicals.?” Honey has strong antioxidant properties, which
can help eradicate free radicals and alleviate oxidative
stress.28 The antioxidant activity of honey is attributed to
its content of flavonoids and phenolic compounds.?? A
recent study demonstrated that supplementation of bee
bread at a dosage of 20g daily for 8 weeks improved
running performance and increased the total antioxidant

status among recreational athletes.3V

Two recent systematic reviews demonstrated that honey

could provide multiple transportable carbohydrates
recommended for endurance athletes to improve
performance.’531  Moreover, honey exhibits natural

antioxidant properties that could provide a balance
between controlling the immunosuppressive response to
the

necessary for positive training adaptation. However, to

exercise and maintaining signalling  pathways
the best of our knowledge, the potential beneficial effect
of acute Acacia honey consumption at pre- and during
endurance running has not been reported yet. Therefore,
this study investigates the effects of Acacia honey drink

consumed before and during exercise on glucose



metabolism, total antioxidant status, and

performance in the heat.

MATERIALS AND METHODS

Study Design

This study employed the single-blind, randomised cross-
over design. The participants were provided with either a
honey drink or a commercial sports drink as a
supplement. As the randomisation and distribution
procedure was conducted by a laboratory technologist,
the researcher was not aware of the specific type of drinks
consumed by each participant during each actual
experimental trial. The participants then performed 2
separate experimental trials. The washout period between

these supplements was one week.

Study Participants

Ten male recreational athletes aged between 20-30 were
recruited as participants. Each participant was briefed
about the experimental design and protocol and the
possible risk before giving their written informed consent.
They were also given a personal details form to confirm
their overall health status. The inclusion criteria for the
participants were, 1) aged between 20-30, 2) have
exercised at least twice per week for more than 30 min per
session before the study, 3) healthy with no common
chronic illnesses and not under any medication
prescription, 4) non-smokers and did not consume any
type of honey supplement prior to the study, 5) able to
run at 60% VOoma for at least 60-min in a hot and humid
environment. The experimental protocol was approved by
Human Research FEthics Committee, Universiti Sains

Malaysia (USMKK/PPP/JEPeM[228.3(0.3)]).
Beverages
The beverages used in the present study comprised an

Acacia honey drink and a commercial sports drink which

contains 27kcal energy, 6.8g carbohydrate, 42mg sodium,
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running 19mg potassium, 4mg calcium, 40mg chloride, and 17 mg

phosphate for every 100mL.

Table 1: Results of Acacia honey analysis (Analysis Laboratory, Department
of Molecular Medicine, University Malaya, 2010)

Acacia Honey Per 100g
Energy (kcal) 302
Carbohydrate (g) 75.0
a) Fructose (g) 31.2
b) Glucose (g) 22.9
¢) Sucrose (g) 9.9
d) Maltose (g) 3.3
Protein (g) 0.1
Fats (g) 0
Cholesterol (mg)
Sodium (mg) 13
Dietary Fiber (g) 0

*(Ratio of Fructose/ Glucose (F/G) = 1.36)

Ratio F/G for pure Malaysian honey is within
the range of 0.90-1.35 (Blossom honey)

To ensure that the honey drink contains the equivalent
amount of carbohydrates to the sports drink, 100mL of
the honey drink should contain 6.8mL of honey (6.8%
concentration of CHO in the honey drink).

i) Volume of honey drink one hour before the
running trial.
500 mL of honey drink was consumed one hour before

running trials.

ii) Volume of honey drank during running trials
3 mL of honey drink per kg of body weight were
consumed at 20-min intervals throughout 60-min of

running.

Procedures

Experimental Design

The present study started with participants’ recruitment,
followed by preliminary tests, familiarisation trials, and
actual trials. The time interval between preliminary tests,
familiarisation trials, and actual trials was one week. Then,
the 2 actual trial sessions were performed with each
participant consuming either the honey drink or sports
drink during exercise. Both trial sessions were carried out

at a one-week interval.
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i. Preliminary Tests

The preliminary tests consisted of sub-maximal and
maximal oxygen uptake (VOzmax) tests. The participants
performed two separate tests on a motorised treadmill, i.e.
i) a 16-min incremental sub-maximal test for establishing
the relationship between running speed and oxygen
uptake (VOy), and i) an uphill incremental maximal
oxygen uptake (VOzmay) test where the participants have
to run until exhaustion to determine the participants’
VOomax. Based on the results of these two tests, the
running speed, which elicited 50% VOozmax and 60%
VOomax for each participant, was identified to determine
the the

experimental trials.

appropriate running intensity for actual

The VOomax test was terminated if the participant could
not continue running despite verbal encouragement.
VOomax value of each participant during this test was
accepted when 2 of 3 criteria were met: 1) maximum
heartbeat is within 10 beats.min"! of their respective age-
predicted maximum heart rate, 2) a plateau in oxygen
uptake despite the increasing intensity, and 3) respiratory

exchange ratio more than 1.15.32

ii. Familiarisation Trial

Prior to the actual experimental trials, the participants
were required to run in the heat at 60% VOomax for 60-
min to familiarise them with the endurance testing
protocol in the heat (31°C, 70% relative humidity) and
The

participants were required to cover as much distance as

immediately followed by a 20-min time trial.

possible within 20-min. The heated environment was
produced in an improvised climatic chamber. During the
trial, halogen lamps (Philips-500W, France) were used to
raise the ambient temperature to 31°C, the relative
humidity was set at 70%, and a heated water bath

(Memmet W350t, Germany) was placed in the chamber.

The room temperatures and relative humidity were
constantly measured throughout the trial using a digital
psychrometer (Extexch Instruments RH300, China). In

addition, a standing fan was placed and directed to the
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participants during the trial to mimic airflow in an open

environment.

iii. Actual Experimental Trials

Actual

familiarisation trials. After arriving at the Sports Science

experimental trials were carried out after
Laboratory of Universiti Sains Malaysia, the participants’
body height and weight were measured using a
stadiometer (Seca 220, Germany) and a weighing scale
(Tanita, TBF-410, Japan) respectively. At one hour before
the warm-up, the participants were cannulated for
repeated blood withdrawals during the trials. Then, the
participants consumed 500 mL of either cool (~8°C)
honey or sports drink. Participants rested for an hour
before the commencement of the experimental trials,
wherein they were required to run in the heat (31°C) with

a relative humidity of 70%.

The participants’ blood samples were collected again
immediately before the warm-up. The participants
warmed up for 5 min at 50% of their respective VOomax.
Blood samples were also collected during the final minute
of the warm-up. Then, the running intensity was increased
to 60% of their respective VOamax. Blood samples were
collected at intervals of 20-min during the trials.
Following ecach blood withdrawal, participants were
required to consume 3 mL.kg body weight! of either the
cool honey drink or the sports drink. The 20-min running
time trial was carried out immediately after 60-min of
running at 60% of VOomw.3* The longest distance
covered in 20-min was used to indicate endurance
running performance. During the actual experimental
trials, the participants were required to drink the beverage
at five different time points, resting, post-warm-up, 20,
40, and 60-min of running. As this study is a randomised
cross-over study, the participants were required to return
to the lab 7 days after the first trial for their second trial.
The second trial was similar to the first trial, except for

the drink consumed by the patticipants.3*

Blood sample collection and analysis

During the experimental trials, 4 mL of blood was



withdrawn from the participants at 7 different time
points, specifically at resting, immediately after warm-up,
and every 20-min during the trials and at the end of the
time trial. Blood parameters measured in the present study
were blood glucose, cortisol, insulin, and total antioxidant

status.

Two mL of the blood sample was transferred into the
sodium fluoride (NaF) anticoagulant tubes to determine
the plasma glucose, insulin, and cortisol concentration.
The remaining 2 mL blood samples were transferred into
plain tubes for serum separation. The blood was
centrifuged using Ratina 46 RS refrigerated centrifuge
(Hettich Zentrifugen GmbH, Germany) at a rotational
speed of 4000 revolutions per min at 4°C for 10 minutes
to separate the plasma from the blood. The plasma was
then pipetted into a test tube in equal proportions and
stored at -80°C (Thermo Forma -86 ULT Freezer, USA)
for subsequent analysis of plasma glucose, cortisol, and
insulin. Another 2 ml of blood was transferred into a plain
tube and separated by centrifugation. The serum was
stored at -80° C for the analysis of the serum total

antioxidant status.

Plasma glucose concentration was determined using a
chemistry analyser (Selectra E, The Netherlands) and a
glucose reagent kit (Randox, United Kingdom). Plasma
cortisol and insulin concentrations were determined using
electrochemiluminescence immunoassay ‘ECLIA’ kits
(Roche, USA). Total antioxidant power ELISA kit
(Oxford Biomedical Research, USA)

determine the concentration of the total antioxidant

was used to

status.

Statistical Analysis

All statistical analyses were performed using Statistical
Package for Social Sciences (SPSS version 22). Descriptive
statistics were used to calculate the mean VOoma and
maximum heart rate. The differences in the time trial
performance and serum TAS between the trials with
honey and sports drinks were analysed using a paired t-
test. The two-way repeated measure ANOVA with the
Post hoc Bonferroni test was used to determine the

differences in plasma glucose, insulin, and cortisol
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concentrations between the honey and sports drink trials
at each time point and the changes in these parameters
over time. Two-way repeated measure ANOVA was also
used to determine the differences in total antioxidant
status at pre- and post-exercise between trials. The
statistical significance was set at p<0.05. Results are

expressed as means T and standard deviations (SD).

RESULTS

Physical and physiological characteristics of the

participants and endurance running performance

The participants’ physical characteristics and physiological
capacities (n=10) are presented in Table 2. There was
no significant difference in the endurance running
performance between the trials with a sports drink (SPD)
and honey drink (H). The mean running distance covered
during the SPD and H trials in 20-min was 3.25%£0.4 and
3.34%0.3 km, respectively.

Table 2: Physical characteristics and physiological capacities of the
participants (n=10)

Parameters Mean £ SD
Age (years) 223+13
Body Weight (kg) 632157
Standing Height (cm) 168.7 £ 2.6
Maximum heart rate (HRmax) 197.7£1.3
VOzmax (mlkgL.min-t) 514+ 42
Body fat percentage (%) 18.7+ 3.9
Body mass index (BMI) 222+1.9

Data are expressed as mean (SD). VOoma = maximum oxygen uptake.

Endurance running performance

There was no significant difference (p=0.120) in
endurance running performance between the trials with a
sports drink (SPD) and the honey drink (H). The mean
distance running covered during the SPD and H trials in

20-min was 3.2520.4 and 3.34£0.3 km, respectively.
Plasma glucose
There was no significant interaction in plasma glucose

concentration (p=0.845) between SPD and H trials (Fig.
1A). However, during the 1-hour resting phase, plasma

IMJM Volume 21 No.3, July 2022



glucose concentration increased non-significantly in the
SPD trial but not in the H trial. Plasma glucose decreased
at the onset of exercise before increasing after 40-mins
until the end of both trials, despite the lack of statistical
significance. At the end of the trials, the plasma glucose
concentration of SPD and H trials was 6.0£0.4 and
6.0+0.5 mmol.L!, respectively.

Plasma insulin

During the trials, it was observed that there was no
significant interaction between trials on plasma insulin
concentration (p=0.742). (Fig. 1B). However, a significant
main effect of time on plasma insulin concentration
during SPD trials (p<<0.001) was observed. The plasma
insulin increased significantly during the 1-hour resting
phase of the SPD trial, but not in the H trial. At the end

of the time trial, the plasma insulin level was significantly
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Figure 1: Plasma glucose concentrations (mmol. L-!) (A) and plasma insulin
concentrations (pmol. L-1) (B) in sports drink (SPD) and honey (H) trials
(Mean £ SD)

W= Warm up, TT= Time Trial.

+ plasma insulin significantly different from respective resting value at -60 min
in SPD trial (p < 0.05).

$ plasma insulin significantly different from respective resting value at -5 min
in SPD trial (p < 0.01).
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Plasma cortisol

There was no significant interaction in the plasma cortisol
interval between trials
(p=0.589) (Fig. 2). However, it was revealed that there
was a significant main effect of time on plasma cortisol

concentration during the H trial (p<0.001). During the H

concentration at each time

trial, the plasma cortisol concentration was significantly
lower at 40-min compared to its resting value. There was
a decreasing trend in plasma cortisol from resting to the
beginning of warm-up in both the trials despite the lack of
statistical significance. In both trials, plasma cortisol
decreased from 0 min to 40-min. Then, it increased from
40-min until the end of the time trial, despite the absence
of statistical significance. At the end of the trial, the
plasma cortisol concentration for SPD and H trials was
505.0 £27.3 and 530.2+32.6 nmol.L-1 respectively.
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Figure 2: Plasma cortisol concentration (nmol.L.-1) in sports drink (SPD)
and honey (H) trials (Mean + SD).

W= Warm-up, TT= Time Trial.

* significantly different from respective resting values at -60 min in H trial

(p < 0.05).

Serum Total Antioxidant Status

Two-way ANOVA with repeated measures revealed
that there was no significant interaction on serum total
(p=0.450).
However, during the H trial, there was a significantly

antioxidant status between both trials
higher level of serum TAS at the end of time trial
compared to its resting value (»<0.01) (Fig. 3). The serum
TAS at the end of the SPD and H trials was 1.57£0.08

and 1.69£0.09 mmol.L-, respectively.
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Figure 3: Total antioxidant status (mmoL-) for honey (H) and sports drink
(SPD) trials at rest and at the end of the time trial (Mean * SD).

*Hsignificantly different from respective resting values in the H trial (p<<0.01

respectively).
DISCUSSION

A notable finding in the present study is that the honey
drink elicited a similar effect as a sports drink on running
performance since there was no difference between

the

Furthermore, given that honey contains multiple sources

distances recorded during 20-min time trial.
of carbohydrates (i.c., primarily fructose and glucose),
this natural substance may theoretically exert positive
effects as a “food-first” approach for carbohydrate
supplementation. Thus, consuming the Acacia honey
drink has similar endurance running performance as
commercial sports drinks in the present study. It is
believed that the same concentration of carbohydrates in
these two drinks may have caused similar effects on the

running performance.

Several studies examined the influence of acute honey
supplementation on exercise or sports skill performance
during team sports3>, running'4, and cycling’¢. However,

the

performance benefits could be observed when honey is

these findings were inconsistent, whereby
compared to placebo or plain water.!436 A previous study
examined people consuming Acacia honey solution
during a 2 hr recovery petriod to optimise restoration. It
was found that rehydration with a honey drink after 150%
of body mass loss following a 60-min run in the heat
improved the subsequent 20-min running time trial
performance compared to a trial with plain water.!
Another study reported no significant differences between

honey or dextrose treatment for the time taken to
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complete a 64km cycling time trial. However, consuming
15 g of either honey or dextrose in a gel form, every 16
km maintained the average 16 km time throughout the
exercise and increased the average power output during
the final 16 km compared with the preceding 16 km
segments.’® In contrast, when compared to placebo, the
in both

treatments, and the cycling performance in the last 16km

finishing time was quicker carbohydrate

significantly declined when placebo was consumed.3¢

Since the present study revealed no significant difference
in distance covered during 20-min time trial performance
with honey supplementation compared to sports drinks,
the finding suggests that honey could be a useful form of
Therefore,

consuming honey pre and during exercise might serve as

carbohydrate for endurance athletes.

an effective source of carbohydrates to enhance

performance. Nevertheless, further study with different
types of honey is recommended to investigate the effects
of honey supplementation on exercise performance
the

depending on many factors such as the pollen source,

because actual composition of honey varies,
climate, environmental conditions, and the processing it

undergoes.

The absence of a significant difference between plasma
glucose concentration during exercise in the heat between
SPD and H trials indicated that the honey and sports
drink might have a similar effect on maintaining blood
glucose concentration when exercising in the heat. This
observation is consistent with findings from other studies
that reported no significant differences in the blood
glucose level following supplementation with
carbohydrate-electrolyte drink regardless of the number of

carbohydrates and types of carbohydrates consumed.37-38

However, as shown in Fig. 1A, there was an increasing
trend in plasma glucose one hour before exercise after
sports drink consumption compared to honey drink. It
could be speculated that the high glycaemic index of the
commercial sports drink might induce the increasing trend
in plasma glucose when consumed one hour before the
running trial.340In line with the previous findings, the
high glycaemic index foods ensued in higher blood

glucose concentrations than the low glycaemic index
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foods if consumed one hour before cycling#!, running*?,

and simulated soccer match.43

At the onset of exercise (Fig. 1A), a rapid fall in plasma
glucose was recorded, which might be due to higher
muscle glucose uptake with the onset of exercise.
However, it started to increase after 20-min and was
maintained throughout the exercise. After 1 hour of
exercise, the blood glucose concentration was higher in
the honey trial than in the sports drink trial, even though
it was not statistically significant. This could be because
the low glycaemic index honey drink consumed by the
participants only showed its potential to increase plasma
glucose at a later stage of exercise. This might also be
due to the utilisation of stored endogenous glucose in the
liver, contributed by the eatlier consumption of honey
during the later stage of the exercise.

Plasma and insulin concentrations

glucose are

interrelated. The results of plasma insulin concentrations
implied that both H and SPD had similar effects on
the

consuming a sports drink one hour before exercise

insulin  regulation in participants. However,
caused a significant increase in insulin from the baseline
level, while there was no significant increase after
consuming the honey drink. This finding demonstrated
that the insulin response in high glycaemic index drinks is
higher than in low glycaemic index drinks. In this regard,
the higher carbohydrate oxidation might trigger a higher
quantity of insulin released one hour before exercise
during the SPD trial. This metabolic finding is in
agreement with previous works.43-44 With the increase
in insulin (Fig. 1B), the glucose concentration in the
blood was maintained (Fig. 1A) after consuming sports
drinks. Even when blood glucose levels are normalised,
insulin levels can remain high because the liver might not
be able to remove the circulating insulin fast enough.45
These phenomena can be observed in the H trial, where
the plasma glucose concentration was normalised (Fig.
1A) during warm-up, but the insulin concentration (Fig.

1B) remained high in the H trial.

Subsequently, the study observed a decreasing level of
plasma insulin during the 1 hour run in both trials. The

decline of plasma insulin during an exercise session is
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consistent with findings from other studies.* It is
postulated that this decrease in plasma insulin
concentrations could be necessary for preserving blood
glucose for storage or utilisation.**Even though the
insulin levels were not significantly different between H
and SPD trials at any time point during the 1-hour run, it
was shown that consuming low glycaemic index foods
such as Acacia honey caused a lower insulinemic response
compared to higher glycaemic food such as sports drink

(Fig. 1B).

The results of plasma cortisol concentration during
exercise between SPD and H trials imply that the honey
drink and sports drink have exerted a similar effect on
The

consumption of honey and sports drinks stimulated a

plasma cortisol concentration during exercise.
similar stress response to exercise during the trials. The
plasma cortisol levels were slightly maintained throughout
the 60-min of exercise. This phenomenon is consistent
the the

consumption of carbohydrates during prolonged cycling,

with previous observation that following
running or resistance exercise reduced the cortisol
level.46-47 The present study finding implies that the
consumption of carbohydrates during exercise could
reduce stress hormone levels. Moreover, the increase of
cortisol at the end of both trials could be attributed to the
the the

participants were exerted to run the furthest distance

stress and high-intensity ~exercise*® where

possible during the time trial.

This study indicates that there was no difference between
the serum TAS levels in both trials. This finding is similar
to Keong et al. (2006), who reported that TAS was not
significantly different between the group with tocotrienol-
rich palm vitamin E-supplement and the group with a
placebo supplement.#® The resting serum TAS recorded
immediately before exercise did not demonstrate any
significant difference between trials, indicating that the
participants have similar TAS in their bodies before the
experimental trials. At the end of the time trial, it was
observed that there was also no significant difference
between trials. However, TAS in the H trial at the end of
the trial was significantly higher (p<<0.01) than the resting
value. This could be due to the antioxidant properties of

Acacia honey. It has been shown that activities of



antioxidant enzymes increase as a response to prolonged
exercise, consequently increasing the TAS. TAS is a
combination of various antioxidant defenses, including
enzymatic and nonenzymatic systems. As shown in this
present study (Fig. 3), TAS levels increased after an
exhaustive exercise, and this antioxidant tesponse to
exercise is well documented.*-50 This present study
concludes that the antioxidant properties of the Acacia

honey might have contributed to the increased TAS level.

CONCLUSION

The present study suggests that Acacia honey drink could
be used as an alternative ergogenic aid before and during
exercises. This is because the honey drink elicited similar
positive effects on glucose metabolism, total antioxidant
status, and running performance as sports drinks, which
are deemed as an effective aid for enhancing endurance
sports performance of athletes in a hot and humid

environment.

CONFLICT OF INTEREST

The authors declare no conflict of interest.

ACKNOWLEDGMENTS

We want to thank the financial support provided by the
Fundamental Research Grant Scheme (FRGS) of the
Malaysian government (Grant account number: 203/
PPSP/6171176). We also like to thank Professor Dr. Siti
Amrah from Pharmacology Department to arrange the
sponsorship of the Acacia honey used in this study.
Special thanks are given to Ms. Jamaayah Meor Osman,
Ms. Nur Hafizah Hamzah, Ms. Norlida Azalan, Ms.
Parimalah Velo, Ms. Aini Sudin, and Ms. Nurul Ain
Fathma Abdullah for their assistance throughout this
study. Last but not least, our gratitude to all participants
who have participated in this study.

REFERENCES

1. Kanter M. High-quality carbohydrates and physical
performance: Expert panel report. Nutrition Today
2018; 53(1): 35.

93

10.

11.

12.

13.

Jeukendrup, A. A Step Towards Personalized Sports
Nutrition: Carbohydrate Intake During

Exercise. Sports Med 2014; 44, 25-33.

Burke LM, van Loon LJC, Hawley JA. Postexercise
muscle glycogen resynthesis in humans. ] Appl
Physiol (1985). 2017;122(5):1055-1067.

Hargreaves M, Dillo P, Angus DA, Febbraio M.
Effect of fluid ingestion on muscle metabolism
during prolonged exercise. Journal of Applied
Physiology 1996; 80(1): 363-366.

Orru, S., Imperlini, E., Nigro, E., Alfieri, A.,
Cevenini, A., Polito, R., Daniele, A., Buono, P., &
Mancini, A. Role of Functional Beverages on Sport
Performance and Recovery. Nutrients, 2018; 10(10),
1470.

Samarghandian S, Farkhondeh T, Samini F. Honey
and health: A review of recent clinical reseatch.
Pharmacognosy Research 2017; 9(2): 121-127.

Hills, S. P., Mitchell, P., Wells, C., & Russell, M.
Honey Supplementation and Exercise: A Systematic
Review. Nutrients 2019; 11(7), 1586.

Jeukendrup AE. Carbohydrate and exercise
performance: the role of multiple transportable
carbohydrates. Curr Opin Clin Nutr Metab Care
2010;13(4):452-457.

Triplett D, Doyle JA, Rupp JC, Benardot D. An
isocaloric glucose-fructose beverage's effect on
simulated 100-km cycling performance compared
with a glucose-only beverage. Int | Sport Nutr Exerc
Metab. 2010; 20(2):122-131.

Moniruzzaman M, Khalil MI, Sulaiman SA, Gan SH.
Physicochemical and antioxidant properties of
Malaysian honeys produced by Apis cerana, Apis
dorsata and Apis mellifera. BMC Complement Altern
Med. 2013;13:43.

Bogdanov S, Jurendic T, Sieber R, Gallmann P.
Honey for nutrition and health: a review. Journal of
the American College of Nutrition 2008; 27(6): 677-
689.

Czipa, N., Phillips, C., & Kovacs, B. Composition of
acacia honeys following processing, storage and
adulteration. Journal of food science and technology
2019; 56(3), 1245-1255.

Stevenson EJ, Watson A, Theis S, Holz A, Harper

LD, Russell M. A comparison of isomaltulose versus

IMJM Volume 21 No.3, July 2022



14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

maltodextrin ingestion during soccer-specific
exercise. European Journal of Applied Physiology
2017, 117(11): 2321-2333.

Ahmad NS, Ooi FK, Ismail MS, Mohamed M.
Effects of post-exercise honey drink ingestion on
blood glucose and subsequent running performance
in the heat. Asian Journal of Sports Medicine 2015; 6
(3): e24044.

Yusof A, Ahmad NS, Hamid A, Khong TK. Effects
of honey on exercise performance and health
components: A systematic review. Science and
Sports 2018; 33(5): 267-281.

O'Reilly ], Wong SH, Chen Y. Glycaemic index,
glycaemic load and exercise performance. Sports
Med. 2010; 40(1):27-39.

Heung-Sang Wong S, Sun FH, Chen Y], Li C, Zhang
Y], Ya-Jun Huang W. Effect of pre-exercise
carbohydrate diets with high vs low glycemic index
on exercise performance: a meta-analysis. Nutr Rev.
2017; 75(5):327-338.

Kingsley, M.; Penas-Ruiz, C.; Terry, C.; Russell, M.
Effects of carbohydrate-hydration strategies on
glucose metabolism, sprint performance and
hydration during a soccer match simulation in
recreational players. J. Sci. Med. Sport 2014; 17, 239—
243.

Hills SP, Russell M. Carbohydrates for Soccer: A
Focus on Skilled Actions and Half-Time Practices.
Nutrients. 2017;10(1):22.

Kreider R, Rasmussen C, Lundberg J, Cowan P,
Greenwood M, Earnest C, Almada A. Effects of
ingesting carbohydrate gels on glucose, insulin, and
perception of hypoglycemia. In FASEB Journal
2000; 14(4): A490-A490.

Kreider RB, Rasmussen CJ, Lancaster SL, Kerksick
C, Greenwood M. Honey: An alternative sports gel.
Strength & Conditioning Journal 2002; 24(1): 50-51.
Kreider RB, Earnest CP, Lundberg J, Rasmussen C,
Greenwood M, Cowan P, Almada AL. Effects of
ingesting protein with various forms of carbohydrate
following resistance-exercise on substrate availability
and markers of anabolism, catabolism, and
immunity. Journal of the International Society of
Sports Nutrition 2007; 4(1): 18.

Yosef ES, Shalaby MN. Effect of a nutrition

IMJM Volume 21 No.3, July 2022

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

compound (honey and water) on blood glucose, body
temperature and some physiological variables in
wrestlers. World Journal of Sport Sciences 2010; 3:
930-935.

Cheung SS. Advanced environmental exercise
physiology. Human Kinetics Publishers, 2009.
Powers S. Exercise physiology: Theory and
application to fitness and performance. McGraw-Hill
Higher Education. New York, 2014.

Reid MB. Free radicals and muscle fatigue: Of ROS,
canaries, and the IOC. Free Radical Biology and
Medicine 2008; 44(2): 169-179.

Gomez-Cabrera MC, Borras C, Pallardé FV, Sastre J,
JiLL, Vifia J. Decreasing xanthine oxidase-mediated
oxidative stress prevents useful cellular adaptations to
exercise in rats. The Journal of Physiology 2005; 567
(1): 113-120.

Mohamed M, Sirajudeen KN, Swamy M, Yaacob M,
Sulaiman S. Studies on the antioxidant properties of
Tualang honey of Malaysia. African Journal of
Traditional, Complementary and Alternative
Medicines 2010; 7(1): 59-63.

Aljadi AM, Kamaruddin MY. Evaluation of the
phenolic contents and antioxidant capacities of two
Malaysian floral honeys. Food Chemistry 2004; 85(4):
513-518.

Chen CK, Ping FW, Ooi FK, Mohamed MA. Effects
of bee bread supplementation during recovery on
time trial performance and selected physiological
parameters. International Journal of Pharma and Bio
Sciences 2018; 9(2): 281-288.

Hills SP, Mitchell P, Wells C, Russell M. Honey
supplementation and exercise: a systematic review.
Nutrients 2019; 11(7): 1586.

American College of Sports Medicine. ACSM's
guidelines for exercise testing and prescription.
Health related physical testing and interpretation (7th
Ed). Lippincott Williams & Wilkins, 2006.

Muhamad AS, Keong CC, Kiew OF, Abdullah MR,
Lam CK. Effects of Eurycoma longifolia Jack
supplementation on recreational athletes’ endurance
running capacity and physiological responses in the
heat. International Journal of Applied Sports Sciences
2010, 22(2): 1-19.

Nikolaidis MG, Kyparos A, Dipla K, Zafeiridis A,



35.

36.

37.

38.

39.

40.

41.

42.

43.

Sambanis M, Grivas GV, Paschalis V, Theodorou
AA, Papadopoulos S, Spanou C, Vrabas 1S. (2012)
Exercise as a model to study redox homeostasis in
blood: the effect of protocol and sampling point.
Biomarkers. 2012;17(1):28-35.

Abbey EL, Rankin JW. Effect of ingesting a honey-
sweetened beverage on soccer performance and
exercise-induced cytokine response. Int | Sport Nutr
Exerc Metab. 2009; 19(6):659-72.

Earnest, C.P.; Lancaster, S.L.; Rasmussen, C.J.;
Kerksick, C.M.; Lucia, A.; Greenwood, M.C.;
Almada, A.L.; Cowan, P.A.; Kreider, R.B. Low vs.
high glycemic index carbohydrate gel ingestion
during simulated 64-km cycling time trial
performance. J. Strength Cond. Res. 2004; 18, 466—
472.

Ivy JL, Sprague RC, Widzer MO. Effect of a
carbohydrate-protein supplement on endurance
performance during exercise of varying intensity.
International Journal of Sport Nutrition and Exercise
Metabolism 2003; 13(3): 382-395.

Khanna GL, Manna I. Supplementary effect of
carbohydrate-electrolyte drink on sports
performance, lactate removal & cardiovascular
response of athletes. Indian Journal of Medical
Research 2005; 121(5): 665-669.

Sunarja, F. Sports nutrition - Practical use of
glycaemic index value in sport setting. The Singapore
family physician 2008; 34, 24-27.

Little, J.P.; Chilibeck, P.D.; Bennett, C.; Zello, G.A.
Food for endurance: The evidence, with a focus on
the glycaemic index. CAB Rev. Perspect. Agric. Vet.
Sci. Nutr. Nat. Resour 2009; 4, 1-13.

Jamurtas AZ, Tofas T, Fatouros I, Nikolaidis MG,
Paschalis V, Yfanti C, Raptis S, Koutedakis Y. The
effects of low and high glycemic index foods on
exercise performance and beta-endorphin responses.
J Int Soc Sports Nutr 2011; 20;8:15

Bennett, C.B.; Chilibeck, P.D.; Barss, T.; Vatanparast,
H.; Vandenberg, A.; Zello, G.A. Metabolism and
performance during extended high-intensity
intermittent exercise after consumption of low- and
high-glycaemic index pre-exercise meals. Br. J. Nutr.
20125108, 81-90.

Kaviani M, Chilibeck PD, Gall S, Jochim J, Zello

95

44,

406.

47.

48.

49.

50.

GA. The Effects of Low- and High-Glycemic Index
Sport Nutrition Bars on Metabolism and Performance
in Recreational Soccer Players. Nutrients. 2020;12
(4):982.

Qin L, Wang QR, Fang ZI, Wang T, Yu AQ, Zhou
Y], Zheng Y, Yi MQ. Effects of Three Commercially
Auvailable Sports Drinks on Substrate Metabolism and
Subsequent Endurance Performance in a Postprandial
State. Nutrients. 2017; 9(4):377.

. Brand-Miller, J. Brand-Miller, J. & Foster-Powell, K.

(2002). The New Glucose Revolution: The Glycemic
Index Solution for Optimum Health. Hodder. Sydney,
Australia.

Bird SP, Tarpenning KM, Marino FE. Effects of
liquid carbohydrate/essential amino acid ingestion on
acute hormonal response during a single bout of
resistance exercise in untrained men. Nutrition 20006;
22(4):367-75.

McAllister MJ, Webb HE, Tidwell DK, Smith JW,
Fountain BJ, Schilling MW, Willlams RD Jr.
Exogenous Carbohydrate Reduces Cortisol Response
from Combined Mental and Physical Stress. Int ]
Sports Med. 2016; 37(14):1159-1165.

Keong CC, Singh HJ, Singh R. Effects of palm
vitamin E supplementation on exercise-induced
oxidative stress and endurance performance in the
heat. Journal of Sports Science and Medicine 20006; 5
(4): 629-639.

Berzosa C, Cebrian I, Fuentes-Broto L, Gomez-
Trullén E, Piedrafita E, Martinez-Ballarin E, Lépez-
Pingarréon L, Reiter RJ, Garcia JJ. Acute exercise
increases plasma total antioxidant status and
antioxidant enzyme activities in untrained men. ]
Biomed Biotechnol. 2011; 540458.

Kabasakalis A, Tsalis G, Zafrana E, Loupos D,
Mougios V. Effects of endurance and high-intensity
swimming exercise on the redox status of adolescent
male and female swimmers. ] Sports Sci 2014; 32

(8):747-56.

IMJM Volume 21 No.3, July 2022



