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Abstract

Background: Ingestion of combination of carbohydrates (CHO) is beneficial for exercise performance. Honey
is a natural readily available source of CHO mixture which possesses anti-oxidant and immune boosting
properties, so it might enhance endurance performance by maintaining blood glucose level during exercise
and reducing exercise induced oxidative stress. The present study was conducted to investigate the efficacy
of acute supplementation of honey on endurance performance in healthy male individuals.

Methodology: In this PL-controlled double-blind randomized study, 12 healthy males (20-25 years) were
supplemented with Honey 30 g or Honey 60 g before they performed the treadmill running at a speed that
elicited 80% of HR

max
 after an overnight fast. Pre–exercise HR, body temperature and RPE were also

recorded. Blood samples were drawn before supplementation and at the time of exhaustion for analysis of
glucose, insulin, lactic acid, free fatty acid, superoxide dismutase, lipid peroxidation, catalase and total
thiol. Data were analyzed by two way RM ANOVA followed by post hoc test.

Results: Endurance time showed significant (p<0.05) difference between the PL and honey trials as well as
between H30 and H60 trials. Changes in working heart rate (HR) were significantly (p<0.05) different over
time in the same experimental trial compared to the respective resting value. Working HR had no significant
difference between H30 and H60 trials, except at 90th min and at the time of exhaustion. H30 trial showed
significant (p<0.05) difference in working HR in comparison to PL trial at 0th, 20 th, 40 th, 50 th, 60 th and 80th min.
Working HR of H60 trial were also significantly (p<0.05) different in comparison to PL trial. RPE was
significantly (p<0.05) different at the time of exhaustion in comparison to the 10th min value of the corresponding
trial. Values of lactate, glucose, insulin, free fatty acid, lipid peroxidase, total thiol, catalase and superoxide
dismutase depicted significant difference not only between H30 and H60 trials but also between PL trial and
two different honey trials.

Interpretation and conclusion: Acute honey supplementation has significant beneficial effect on endurance
performance and biochemical blood parameters. So it can be used as a natural ergogenic aid to boost
exercise performance.
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of  f ree  rad ica ls  and thus  im prove  exerc ise
performance and recovery time.

Chronic supplementation of honey enhanced exercise
performance by improving power output, heart rate
and blood glucose level during endurance trials (1,
6). However, the effect of acute supplementation of
honey on endurance performance has not yet been
explored. Moreover, literature regarding the efficacy
of  acute supplementation of  honey on Indian
population is also unavailable. Therefore, the present
study was aimed to investigate the effects of acute
supplementation of honey on endurance capacity in
young male University students of Kolkata, India.

Materials and Methods

Selection of the subject

Sample Size Calculation:

Twelve [12] male recreational athletes, who jog at
least 30 minutes twice in a week according to
Jackson  (8), belonging to the age group of 20 to 25
years were recruited in the study from the post-
graduate students’ populat ion of  Univers ity of
Calcutta, Kolkata, West Bengal, India. Individuals
who were undergoing any medication or suffering from
any health hazard l ike hyper tension, asthma,
diabetes, bronchitis, anemia, cardiac problems,
kidney or liver diseases or any other major diseases
were excluded to take part in the study.

The sample size was calculated by using PS Power
and Sample Size Calculation version 3.0 (9) where
the confidence interval was set at 95%. The calculated
number of subjects was nine [9]. This study was
executed with 12 subjects (n=12).

The entire experimental procedure along with probable
menace aspect was clearly clarified to each subject

Introduction

Consumption of carbohydrate before and during
endurance exercise improves exercise performance
(1, 2). Honey is a natural yellowish or brown viscous
fluid produced by honey bees, Apis mellifera, from
the nectar of flowers. This supersaturated solution is
a mixture of carbohydrates mainly fructose and
glucose along with various compounds like proteins,
o rgan ic  ac ids ,  v i tam ins ,  m inera ls ,  enzym es ,
polyphenols, etc. (3). Honey as a natural sweetener
provides 64 calories of energy per tablespoon which
is generally absorbed within 15 mins and is released
into the blood stream at a steady rate throughout
the exercise tenure if ingested prior to performance
and may helps to maintain blood glucose level during
endurance performance and glycogen restoration
following exercise (3).  It has much therapeutic
signif icance which includes ant i-allergic, ant i-
inflammatory, anti-microbial, anti-parasitic, anti-viral
properties, probiotic effect, effects on eye and oral
health, wound healing, anti-cancer, anti-tumor, anti-
mutagenic, diabetes and weight management, reduce
coronary heart disease and maintains general health
and nutrition (3). Several researches revealed that
honey possesses antioxidant property due to the
presence of flavonoids and polyphenols which help
in the scavenging of superoxide anions (4). Generally
the darker the honey, the higher is its phenolic
content  and i ts  ant ioxidat ive power  (5) .  Th is
antioxidant property influences the activity of glucose
oxidase, catalase, ascorbic acid, flavonoids, phenolic
acids, carotenoid derivatives and organic acids (5,
6). The hypopharyngeal glands of honeybee workers
produce glucose oxidase and deposit it into honey
where this enzyme acts as a natural preservative.
Glucose oxidase remains present at the surface of
the honey and converts atmospheric oxygen to
hydrogen peroxide that acts as an antimicrobial
barrier (7). So, it is quite justified to speculate that
honey may neutralize the exercise induced generation

Abbreviations used: CHO- carbohydrate, PL- placebo, H30- honey 30g, H60- Honey 60 g, HR-Heart Rate,
HR

max 
- heart rate maximum, RPE- rate of perceived exertion, LA- lactic acid, FFA-free fatty acids, LPO- lipid

peroxidation, SOD- superoxide dismutase, RM- Repeated measures, ANOVA- analysis of variance.
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prior to signing the consent form. The ethical
clearance for the research work was approved by
the Human Ethics Commit tee, Department of
Physiology, University of Calcutta.

Doses:

Honey was supplemented at two different doses, i.e.,
30 g (H30) and 60 g (H60)  (3). Artificial sweetener
(which does not contain any calorie substance) was
used as placebo (PL) to match the taste with the
honey. Each of the supplements was diluted in 250 ml
plain water and it was supplied in opaque bottles to
omit the colour differences. Since raw honey causes
allergic reactions in some cases, marketed honey
by Dabur India Ltd. was used in the present study.
Each 100 g of Dabur honey was composed of 80 g
natural sugars, 17 mg sodium, 138 mg potassium,
13 mg calcium, 1.5 mg iron and 5 mg phosphorus.
This yields 320 kcal of energy (10).

Experimental Design:

The subjects were assessed in a randomized, PL–
controlled double blind manner. Each subject came
to the laboratory for 6 times. They had to perform
treadmill running on a motorised treadmill (Viasys,
Germany). The first three visits (Visit 1, 2 and 3)
were pre–experimental trials in which the subjects’
fitness were measured and they were familiarised
with the experimental protocol and the speed of the
treadmill was determined that elicited the subject’s
80% of HR

max
. Three experimental trials with different

supplements (PL / H30 / H60) were conducted in the
next three visits (Visit 4, 5 and 6) with at least 4
days  gap  between the days o f  consecu t ive
experimental  tr ials.  At least  7 days gap was
maintained between pre-trial and experimental trial
protocols.

Subjects reported to the laboratory at 8:00 am on all
occasions after an overnight fast of 12 hours. The
entire study was conducted during March 2017 to
August 2017 in a laboratory temperature of 29-32ºC
and relative humidity of 58-78%.

Preparation of subjects:

Subjects were asked to refrain from heavy exercise

for 24 hours before the days of the trials. Their food
diary and physical activity diary (11) for the last 72
hours was collected. Subjects were requested to
record their food intake for the last 3 days prior to
the first trial and repeat the same diet over 3 days
before the days of the consecutive trials (11). The
main purpose was to diminish the inequality in
muscle glycogen level of the subject’s prior to
exercise. They were reminded to ensure compliance.

The age of the subjects was calculated from the
date of birth as recorded in their identity card issued
by the University authority. The body height was
measured with the subject standing barefoot with an
accuracy of ±0.50 cm, and the body mass was
measured to an accuracy of ±0.1 kg by using a
weight measuring instrument fitted with a height
measuring rod (Avery India Ltd., India) with the
subject wearing minimum clothing.

Pre-trial protocol:

The main objective of the pre-trial protocol was to
familiarise the subject with the exercise protocol as
well as to select the speed of the treadmill at which
the subject attained his 80% of HR

max
 or age-predicted

maximum heart rate (220 – Age). First the subject
underwent  a phys ical  exam inat ion procedure
(measurement of heart rate, blood pressure, recording
of ECG, measurement of body height, body weight
and skin temperature) to ensure that the subject
was fit to participate in the investigation. After that
the Polar heart rate monitor was placed on the chest
surface of the subject to record the heart rate. The
warm up exercise comprised of treadmill running at
a speed 5 km.h-1 at 0% elevation for 5 mins. During
the exercise trial the heart rate of the subject was
monitored at every 10 min. The speed of the treadmill
at which the subject attained a steady state heart
rate of 80% of his HR

max
 was noted.

Trial Protocol:

Subjects were tested in the morning at 8 am onwards
af ter  10-12 hours of overnight fast . But  they
were permitted to drink plain water (500 ml) and
were given a piece of bread on arrival in the laboratory
(11).
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Fig. 1 : The experimental design of the study.
[PL-Placebo, H30-Honey 30 g, H60-Honey 60 g]

During the experiment:

Just before the commencement of exercise (0 min),
8 ml of venous blood sample was withdrawn from
the antecubital vein by a competent phlebotomist
us ing  s tandard ized venipunc tu re techniques .
Supplementation was given in the form of solution at
this time in an opaque bottle, one hour before the
experimental  tr ial.  Af ter warm up the subject
performed treadmill running at the specified speed
that elicited 80% of age predicted heart rate in the

pre-exercise trial. The exercise continued till onset
of fatigue that was ensured by subjects’ own volition
in spite of verbal encouragement along with attainment
of peak heart rate that was within a range of HR

max
±10

beats. The blood sample was collected at the point
of exhaustion. During the trials, reading of fluid
sensory scale (to measure gastrointestinal tolerance)
was collected at an interval of 20 mins. Heart rate,
skin temperature, room temperature, room relative
humidity and RPE (Borg’s Scale) were collected at
intervals of 10 min. Cool water (4-8°C) @ 3 ml per
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Fig. 2 : Experimental trial Protocol.
[Here PL-Placebo, H30-Honey 30 g, H60-Honey 60 g]

kg of body weight was given to the subject at an
interval of 20 minutes to stay away from any possible
undesirable effects of dehydration (11). Once the
subject stopped running, he was requested to cool
down for about 2-3 minutes on the treadmill at a
walking speed of 4-6 km.h–1.

After the Experiment:

Body weight was taken after the test. Sweat rate
was determined by difference in nude body weight
and the amount of fluid consumed  (12). Besides, 8

ml of venous blood was drawn at the time of fatigue.
450 ml of water for every 0.45 kg loss of body weight
lost was given to the subject to prevent dehydration
(13). Same procedure was repeated with the subject
in the subsequent trial(s).

Blood Analysis Method:

8 ml of venous blood was drawn during each blood
sampling of which 1 ml was taken in EDTA vacutainer
for plasma lactate (LA) analysis and 7 ml was taken
in normal vial without EDTA for serum preparation.
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Collected blood was allowed to stay untouched for
at least 2 hours. After 2 hours, supernatant serum
was collected and centrifuged (Remi centrifuge, India)
at 3000 rpm for 10 min. The supernatant was
collected and transferred to properly labelled
eppendorfs for biochemical analysis. Serum was used
for the analysis of free fatty acid (FFA), glucose,
insulin, superoxide dismutase (SOD), catalase, lipid
peroxidation (LPO) and total thiol by enzyme assay.
Oxidative stress was assessed by LPO product in
the form of thiobarbituric acid reactive substances
(TBARS), enzymatic anti-oxidants in the form of SOD,
catalase, and total thiol.

Estimation of Total Protein:

Total serum protein concentration was determined
by the method of Lowry et al. (14).

Estimation of Glucose:

Plasma glucose was estimated by UV test- Ezymatic
reference method with hexokinase (15, 16) on Roche/
Hitachi cobas c 311 systems. Precisely, hexokinase
catalyzes the phosphorylation of glucose to glucose-
6-phosphate  by ATP. G lucose-6-phosphate
dehydrogenase oxidizes glucose-6-phosphate in the
presence of NADP to gluconate-6-phosphate. No
other carbohydrate is oxidized. The rate of NADPH
formation during the reaction was directly proportional
to the glucose concentration and it was measured
photometrically at 340 nm. The values are expressed
in Units mmol/L.

Estimation of Insulin:

Serum insulin was measured according to Sapin et
al. (17)  by Electrochemiluminescence immunoassay
(ECLIA) by using Roche Elecsys Insulin 2010 reagent
kit (Roche Diagnostics Corporation, Indianapolis, IN
46250). The Elecsys Insulin assay employed two
monoclonal antibodies which together were specific
for human insulin.

Estimation of Plasma Free Fatty Acid:

FFA present in serum was estimated by the method
of Kwon and Rhee (18). An aqueous solution of
cupric acetate was prepared [5% (w/v), pH 6.1 by

using pyridine] and filtered. The solution did not
require any other color reagent. The standard curves
of FFAs versus absorbance were determined by
measuring the absorbance of isooctane solution at
715 nm against the control which contains no free
fatty acids. The values are expressed in Units mmol/
L.

Estimation of Superoxide dismutase:

SOD was assessed according to the method of
Marklund and Marklund (19). 1 ml Tris-HCL-EDTA
buffer (50 mM, pH-8.2) and 17 µl serum was mixed
well in a micro-centr ifuge tube (wrapped with
aluminum foil) and incubated in dark at 25ºC for 10
min. Pyrogallol was prepared freshly and kept in
dark due to its light sensitivity. The enzyme activity
was measured at 420 nm and was expressed as
units/mg of protein. One unit of enzyme is defined
as the activity that inhibits autooxidation of pyrogallol
by 50%.

Estimation of Catalase:

The catalase activity was measured by the method
of Claiborne (20). The assay mixture consisted of
1.95 ml phosphate buffer (0.05 mM, pH-7.0), 100 µl
serum and 1.0 ml H

2
O

2 
(0.019 M). The disappearance

of H
2
O

2 
was monitored at 240 nm wavelength at an

interval 1 min for 5 mins. Catalase activity was
calculated in terms of nmol H

2
O

2 
consumed/minute/

mg protein.

Estimation of Lipid Peroxidation:

LPO was estimated by the method of Wright et al.
(21). Reaction mixture containing 580 µl phosphate
buffer (0.1 M, pH-7.4), 200 µl FeCl

3 
(100 mM), 300 µl

serum and 200 µl ascorbic acid (100 mM) was
incubated at 37ºC in a water bath for 1 hour. The
reaction was stopped by the addition of 1.0 ml
trichloroacetic acid (TCA) (10% w/v), followed by the
addition of 1.0 ml thiobarbituric acid (0.67% w/v).
The test tube was placed in a boiling water bath for
20 min and cooled and then centrifuged at 3000 × g
for 10 min. The supernatant containing TBARS was
assessed by measuring the optical density at 535 nm.
The result was expressed as nmol of MDA formed/
mg protein.
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Estimation of Total Thiol:

Total thiol was estimated by Ellman’s method (22).
Assay mixture consisted of phosphate buffer (1M,
pH-7.4), 50 µl serum and 50 µl Ellman’s reagent
[5, 5’-dithiobis-(2-nitrobenzoic acid) (DTNB)] and
incubated in dark for 30 min at room temperature.
The thiols interacted with DTNB, forming a highly
coloured anion with maximum peak at 412 nm,
absorbance were recorded at 412 nm.

Estimation of Lactate:

Calorimetric determination of LA in human plasma
was es t imated by the method of  Barker  and
Summerson (23). Lactic acid was converted into
acetaldehyde by reacting with concentrated sulfuric
acid, and the acetaldehyde was measured by its
colour  react ion with p-hydroxydiphenyl in  the
presence of cupric ions. The colour was read in a
photoelectric calorimeter at 560 nm.

Statistical analysis

Statistical analyses were computed by using the
Statistical Package for the Social Sciences (SPSS)
version 21.0 (SPSS Incorp, United States). Level
of significance for all analyses was set at p<0.05.
Data were expressed as mean±standard deviation
(S.D).

All data were examined for the normality by using
Shapiro-Wilk Test of normality. Repeated measures
analysis of variance (ANOVA) was used to compare
the different physiological variables over time among
the three supplemental tr ials. These variables
included heart rate, mean skin body temperature,
plasma glucose, plasma lactate, plasma free fatty
acid and plasma insulin. Bonferroni adjustment for
mult iple comparisons was used to locate the
differences when repeated measures analysis of
variance revealed a significant main effect of time.
RPE and fluid sensation scale were analysed by
using Kruskal-Wallis test.

Two tail paired t-test was conducted to test the
significance of difference between mean values of
pre- and post-trial data.

Results

Physical  and physiolog ical parameters of  the
subjects have been tabulated in Table I that indicated
that the participants of the present study were within
the normal range of BMI. There was no significant
al terat ion in room temperature (30.0±0.89ºC,
30.5±1.38ºC and 29.5±1.87ºC, respectively) and
relative humidity (67.67±5.09, 67.5±6.63% and
67.83±8.3%, respectively) among the three experimental
trials, i.e. PL trial (PL), honey supplementation trial
with 30 g of honey (H30) and honey supplementation
trial with 60 g of honey (H60), respectively.

Running time to exhaustion was significantly (p<0.05)
different between the PL and H30 trial and PL and
H60 trial and also between the trials with two doses
of honey, i.e., H30 and H60 trials respectively (Fig. 3).

TABLE I : Physical parameters of the subjects (n=12).

Age (yrs) 22.5±0.84
Body mass (kg) 60±8.34
Body height (cm) 167.4±0.04
BMI (kg.m–2) 21.36±2.37
Resting heart rate (beats.min–1) 71±1.24
HRmax (beats.min–1) 197.5±0.84
Systolic blood pressure (mmHg) 118±7.44
Diastolic blood pressure (mmHg) 78±9.57

HRmax = Maximum heart rate, BMI = Body Mass Index.

Fig. 3 : Endurance time in different time trials.
*p<0.05 when compared H30 trial with PL trial.
#p<0.05 when compared between H30 and H60 trials.
¥p<0.05 when compared H60 trial with PL trial.

 
 

* 

#, ¥ 
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HR increased significantly (p<0.05), over time in the
same experimental trial compared to the respective
resting value (Table II). All the working HR of H60
trial was significantly (p<0.05) higher than the PL
trial. However, work ing HR had no signif icant
difference between H30 and H60 trials, except at
90th min and the time of exhaustion. H30 trial showed
significant (p<0.05) difference in working heart rate
at 5th, 20th, 40th, 50th, 60th and 80th min in comparison
to the PL trial. However, the pre-exercise heart rate,
i.e., the heart just at the beginning of each exercise
trial did not show any significant difference between
the trials.

Changes in blood parameters have been presented
in Table III. Two way repeated measure ANOVA
depicted significant difference in post-exercise values
of plasma lactate, blood glucose, free fatty acids,
insulin, superoxide dismutase, catalase, total thiol
and lipid peroxidation not only between the H30
and H60 trials but also between PL trial and two
doses of honey trials. However, pre-exercise values
did not show any inter-trial variation. Pre- and post-
exercise values of all these parameters showed
significant (p<0.05) difference in all the three trials
(Table III).

Subjects expressed their conditions on a numerical
scale (RPE by Borg’s Scale) to indicate the fatigue
level (Table IV). RPE increased significantly (p<0.05)
from 10 th min of exercise to end time of exhaustion
in PL, H30 and H60 trials, but no significant variation
was found in this parameter when compared among
the three experimental trials.

TABLE II : Exercise heart rates (beats.min–1) in three different experimental trials (n=12).

Exercise Duration (min)
Supple-
mentation 0 5 10 20 30 40 50 60 70 80 90 At

Exhaustion

PL 72.66 116.66 148 162.67 173.33 178.67 186.5 190.67 196.67 200.83 210.33 222.16
±1.97 ±1.50 ±4.05 ±2.42 ±4.32 ±2.73 ±1.87 ±2.16 ±3.98 ±2.64 ±2.16 ±1.33

H30 73.33 114 144.5 159.5 171.33 174.33 184.5 188 193.67 198.17 208.17 220
±1.50 ±2.6 ±4.85 ±2.17* ±3.83 ±3.27* ±1.64* ±2.28* ±3.4 ±1.72* ±2.23 ±1.09*

H60 72.17 110.83 141 157.67 169.33 172 183 185.67 191.33 196.17 205 225.5
 ±1.47 ±3.6¥ ±4.29¥ ±4.23¥ ±3.88¥ ±4.56¥ ±2.19¥ ±3.01¥ ±3.67¥ ±1.72¥ ±1.1#¥ ±1.38#¥

Values were expressed as Mean±SD; PL, Placebo; H30, Honey 30 g; H60, Honey 60 g.
*p<0.05 when compared H30 trial with PL trial.
¥p<0.05 when compared H60 trial with PL trial.
#p<0.05 when compared between H30 and H60 trials.

TABLE III : Values of different blood parameters during the
experimental trials (n=12).

Parameters Trial Pre exercise Post exercise

Plasma Glucose (mg/dl) PL 92.83±1.94 80±1.4$

H30 93.17±1.47 90±2.1*$

H60 93.83±1.17 92.5±1.64#¥$

Plasma insulin (µU/ml) PL 7.22±0.25 1.52±0.17$

H30 7.25±0.24 1.92±0.03*$

H60 7.33±0.14 2.50±0.16#¥$

Plasma Lactate (mmol/L) PL 1.48±0.1 5.28±0.25$

H30 1.42±0.1 4.55±0.13*$

H60 1.39±0.09 4.38±0.14#¥$

Plasma Free Fatty PL 0.55±0.03 1.07±0.01$

Acid (mmol/L) H30 0.53±0.02 0.99±0.03*$

H60 0.52±0.01 0.76±0.03#¥$

Lipid peroxidation PL 1.56±0.01 2.05±0.12$

(µmol/L) H30 1.57±0.02 1.26±0.01*$

H60 1.54±0.01 0.99±0.02#¥$

Catalase (µmol of H
2
O

2
/ PL 72.24±0.89 77.22±1.21$

min/mg of protein) H30 71.61±1.8 79.24±1.52 *$

H60 70.25±1.21 82.4±1.47#¥$

Superoxide dismutase PL 16.76±1.58 21.39±1.74$

(nmol/mg of protein) H30 16.3±1.82 24.53±1.68*$

H60 15.32±1.42 27.67±1.32#¥$

Total Thiol (µmol/L) PL 15.96±1.64 20.20±1.51$

H30 15.2±1.61 23.46±1.6*$

H60 14.45±1.22 26.05±1.53#¥$

Values were expressed as Mean±SD.
PL= Placebo; H30 = Honey trial with 30 g dose; H60 =
Honey trial with 60 g dose.
*p<0.05 when compared H30 trial with PL trial
#p<0.05 when compared between H30 and H60 trials
¥p<0.05 when compared H60 trial with PL trial.
$p<0.05 when compared with the corresponding pre–
exercise value

Discussion

In the present study, acute supplementation of honey
in two different doses significantly (p<0.05) improved
the endurance performance compared to PL trial.
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Endurance time to exhaustion was significantly higher
in H30 and H60 trials in comparison to PL trial and
also between H30 and H60 trials (Fig. 3). This finding
was similar with previous study where chronic honey
supplementation was found to be beneficial for
exercise performance as it improved power output
and blood glucose level during endurance trials. In
one study, effect of low glycemic index (honey; GI
= 35) and high GI (dextrose; GI = 100) carbohydrate
feedings during a simulated 64-km cycling time trial
(TT) showed improvement in time and power output
over the last 16 km of a 64-km simulated TT
regardless of glycemic index (6). This was probably
due to the fact that honey consists of mainly fructose
along with glucose which helps to maintain blood
glucose level during endurance exercise and help to
spare muscle glycogen  (3).

Exercising hear t rates of each tr ial increased
significantly (p<0.05) compared to the corresponding
resting value to meet the increased demand of the
body during physical exercise. The working heart
rates were significantly (p<0.05) lower in the H60
trial than the PL trial. H30 trial also had significantly
(p<0.05) lower values of working heart rates than the
PL trial at 0th, 20th, 40 th, 50 th, 60 th, 80th min and at
the time of exhaustion. However, working heart rates
had no significant variation between H60 and PL trials.
These f indings indicated that  honey exer ted
significant beneficial effects on heart rate during
endurance trials which is in agreement with the earlier
findings of Kreider (1). The components of honey i.e.
fructose and glucose along with the anti-oxidant

enzymes were possibly the reason behind this
lowering of heart rate.

In this investigation, post-exercise blood glucose
level was increased after ingestion of honey in both
the doses than PL. Existence of significantly higher
(p<0.05) post exercise blood glucose in H30 and
H60 trials compared with that of PL trial was in
agreement with ear lier invest igat ions (2, 24) .
Beneficial effects of consuming a high-maltodextrin,
low-fructose beverage (Mf) over normal carbohydrate-
rich diet on energy exchange, substrate metabolism,
and performance were also established (25). There
was statistically significant glycogen sparing effect
along with super-compensatory effect within 24 h of
recovery following Mf supplementation. Performance
improved to a better extent for 1h time trial with
ingestion of a 2:1 glucose-fructose mixture than with
ingestion of glucose only (26). In fact, the oxidation
rate of a 2:1 mixture of glucose and fructose was
higher than glucose alone and endogenous CHO
oxidation was lower (27). It was quite evident as the
constituents of honey are mainly fructose and
glucose, it prevented the decrease in blood glucose
level during exercise in H30 and H60 trial than PL
trial (1).

Post exercise serum insulin level was significantly
higher (p<0.05) in honey trials than PL trial. H30
and H60 trials also showed significant (p<0.05)
difference in post exercise insulin level. Carbohydrate
feeding leads to elevated level of blood glucose, which
in turn increases the synthesis of insulin by the
pancreatic beta cells for adjusting the excess glucose
in blood. The greater insulin level might be due to
better regulatory mechanism of blood glucose by
honey supplementation (28).

A significant (p<0.05) increase in plasma lactate
concentration was noted in all the three experimental
trials. PL trial showed greater post-exercise lactate
production than honey trials (p<0.05). This increase
in post-exercise lactic acid might be either due to
increased lactate product ion or  i ts  decreased
clearance or combination of both or due to increased
contribut ion of  non-oxidative energy pathways
imposed by insufficient blood flow to the exercising
muscles  (11).

TABLE IV : Rate of perceived exertion (RPE) of the subjects
(n=12) during exercise in different trials.

Exercise Duration (min) PL H30 H60

10 10.9±3.2 10.5±2.7 10.3±2.2
20 11.4±2.4 11.1±2.3 10.7±2.1
30 11.9±2.6 11.4±2.5 11.2±2.5
40 12.5±2.8 12.3±2.4 11.8±2.6
50 13.1±2.7 12.4±2.8 12.1±2.4
60 13.9±2.9 13.6±2.6 13.4±2.7
70 14.7±1.9 14.5±1.2 14.3±2.3
80 16.6±2.3 16.4±2.1 16.2±2.2
90 18.8±1.2 17.8±1.0 17.5±1.1
At exhaustion  19.8±0.5*  19.3±0.5*  19.2±0.4*

Values were expressed as Mean±SD.
PL = Placebo trial; H30 = Honey trial with 30 g dose.
H60 = Honey trial with 60 g dose.
*p<0.05 when compared with 10th min value in the same trial.
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Plasma f ree fatty ac id increased signif icant ly
(p<0.05) at the end of the exercise trials compared
to their corresponding resting values. Plasma free
fatty acid is the most important energy source to
sustain prolonged endurance act ivity (29). The
increase of FFA was probably due to the availability
of the substrate (fat) for its utilization as the major
energy source during the endurance running trials.
Signif icantly (p<0.05) lower post-exercise FFA
concentrations were observed in H30 and H60
trials than PL trial. Between honey trials, H60 causes
less increase in post exercise FFA concentration
than H30 tr ial. Other study also indicated that
carbohydrate supplementation meets the energy
demand during exercise by sparing muscle glycogen
and body lipids (2). Increase in serum insulin
after carbohydrate feeding in H30 and H60 trials
might be a reason behind this decrease in plasma
FFA.

Honey has free-radical scavenging capacity. Honey
supplementation depicted a signif icant (p<0.05)
increase in oxidative stress markers (SOD and total
thiol) and a significant (p<0.05) decrease in LPO
level in H30 and H60 trials compared to the PL trial.
Significant (p<0.05) variation in catalase activity was
observed not only between H30 and H60 and trials
but also between PL trial and honey trials with two
different doses. Similar changes were noted in SOD,
catalase and total thiol. Honey is made up of various
phenolic and non-phenolic anti-oxidant components
(e.g. glucose oxidase, vitamin C, vitamin E, beta
carotene etc.) which helps to neutralise the free
radicals generated during endurance exercise and
thus the blood levels of oxidative stress markers
increased (30).

A significant increase (p<0.05) in RPE was observed
between pre-exercise (0 min) value and end time to
exhaustion value in all the three trials. But RPE did
not show any significant (p<0.05) difference between
the three trials. Although statistically insignificant,
the end time to exhaustion value of RPE was greater
in PL trial than H30 and H60 trials. This reduction of
RPE af ter honey feeding might be linked with
increased oxidation of carbohydrate, well maintained
blood glucose as well as elevated levels of serum

insulin (11). But the exact reason behind having the
existence of insignificant difference in RPE between
any of the trials is not known.

Therefore significant changes in all the parameters
were observed in the present study during both the
honey trials in comparison to PL trial. Moreover, H60
proved to be better than H30 in all the aspects. So,
it can be hypothesized that the active ingredients in
honey were sufficiently absorbed during the trials
and elicited positive effects towards performance
enhancement by means of increasing the endurance
time.

In conclusion, acute supplementation of different
doses of honey one hour prior to the exercise
performance exerted significant effect than that of
PL on the physiological parameters measured during
the endurance running performance in healthy
recreational runners probably by maintaining blood
glucose level during endurance exercise as well as
by reducing oxidative stress in healthy individuals.
This  s tudy also s igni f ied that  60 g o f  honey
supplementation was more potent as ergogenic aid
than 30 g of honey supplementation. Hence, honey
can be a prospective ergogenic aid for endurance
athletes.

Practical / Social application of the study:

Endurance exercise performance can be increased
by carbohydrate feeding.  Honey is  a natural
carbohydrate source, a combination of  mainly
fructose and glucose which helps to maintain blood
glucose level required for strenuous exercise. Due
to its low glycemic index, honey helps in sustained
release of glucose in blood stream, sparing stored
muscle glycogen. It consists of various antioxidant
enzymes which can combat oxidative stress. Hence
it can be used as energy drink prior to exercise for
optimum exercise performance.
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