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ABSTRACT Bee product such as honey has been used thousands of years ago as a healthy supplement among human
being. Honey is a nutritious supplement and contains fructose, glucose amino acids and multivitamins-minerals. It is well
documented that honey has antioxidant, anti-inflammatory, antimicrobial and anti-mutagenic properties. An antioxidant agent
is proven able to prevent several acute and chronic disorders such as inflammatory, osteoporosis, osteoarthritis,
cardiovascular and cancer. It is believed that honey is beneficial on bone health and sports performance but it is lacking solid
scientific evidences to prove its efficacy. This article summarizes current evidences on the effects of honey supplementation
on bone metabolism markers and sports performance.
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INTRODUCTION

Honey is a popular natural supplement and frequently used by athletes to enhance health status.
Honey contains monosaccharide carbohydrate such as fructose, glucose, essential amino acids and
multivitamins-minerals (Bogdanov et al., 2008). It is well documented that honey has antioxidant
(Nagai et al., 2001; Al-Waili, 2003; Aljadi et al., 2004; Erejuwa et al., 2012; Tartibian et al., 2012; Ahmed
et al., 2018; Nayaka et al., 2020; Seung et al., 2020), anti-bacterial (Cooper et al., 2001; Lusby et al., 2005;
Sherlock et al., 2010; Abouda et al., 2011; Zaharil et al., 2011; Schneider et al., 2013; Nayaka et al., 2020;
Seung et al., 2020) and anti-mutagenic properties (Wang et al., 2002; Swellam et al., 2003; Yang et al.,
2007; Aryappalli et al., 2019; Tomasin et al., 2020). Honey contains natural vitamin C, phenolic and
flavonoid compounds as an antioxidant agent (Ferreres et al., 1992; Al-Mamary et al., 2002). Ingestion
of honey at dosage 1.2g per kg of body weight increased antioxidant agents such as beta-carotene,
vitamin C and glutathione reductase in human (Al-Waili, 2003).

Previous studies indicated that oxidative stresses are the major causes of osteoporosis (Zhou et al.,
2016; Domazetovic et al., 2017), osteoarthritis (Zahan et al., 2020) and cardiovascular diseases (Hertog
et al., 1993; Rakha et al., 2008). Reactive oxygen species (ROS) and reactive nitrogen species (RNS) were
found able to damage DNA in cells which cause inflammation and disease (Orrenius et al., 2007).
Antioxidants are able to reduce oxidative stress and scavenge free radical from damaging the cell.
Antioxidant properties of honey can protect bone primarily through its polyphenol content that acts
upon several signalling pathways which leading to bone anabolic and anti-resorptive effects
(Kamaruzzaman et al., 2019). In the review article by Nadia et al. (2012) summarize that
supplementation of honey was able to reduced osteoclatogenic activity and can be used as an
alternative treatment of postmenopausal osteoporosis.

Reactive oxygen species and reactive nitrogen species are related to the muscle damage and cause
inflammation in the active skeletal muscle (Sen, 1995). The increased intensity of exercise will augment
the free radicals production during and after exercise. Exercise is postulated to produce free radicals
and cause muscular fatigue (Dekkers et al., 1996). Antioxidant properties of honey are able to reduce
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free radicals production during and after exercise which it is beneficial on sports performance. To
date, there is limited information of clinical studies of honey supplementation on bone metabolism
markers and sports performance. There are only a few related studies of honey supplementation on
bone metabolism markers (Ariefdjohan et al., 2008; Chepulis & Starkey, 2008; Ooi et al., 2011;
Tavafzadeh et al., 2011; Mosavat et al., 2014) and sports performance (Earnest et al., 2004; Abbey &
Rankin, 2009; Shukri et al., 2011; Ahmad et al., 2015; Hajizadeh et al., 2016; Aly et al., 2019).This article
summarizes current findings and evidences on the effects of honey supplementation on bone
metabolism markers and sports performance.

EFFECTS OF HONEY SUPPLEMENTATION ON BONE METABOLISM MARKERS

Bone metabolism or bone remodelling is a process of bone formation or bone resorption in human.
Bone resorption is referring to the mature bone tissue being removed from the skeleton, while bone
formation is referring to new bone tissue being formed. Remodelling responds also have functional
demands on the mechanical loading. To date, several studies related to bee product, i.e. honey
supplementation combined with jumping exercise in animals (Tavafzadeh et al., 2011; Mosavat et al.,
2014); honey supplementation combined with aerobic dance in humans (Ooi et al., 2011) and honey
supplementation alone in animals (Ariefdjohan et al., 2008; Chepulis & Starkey 2008) were beneficial
for enhancing bone metabolism markers.

Chepulis and Starkey (2008) reported that honey feeding alone for 52 weeks increased bone
mineral density in rats in comparison with sucrose and sugar free diet feeding. Ariefdjohan et al. (2008)
reported that ingestion of honey for 8 weeks increases calcium absorption after acute feeding in
growing rats. It is reported higher calcium retention and calcium absorption in the group of rats given
10% of honey than 5% of honey and control group. However, there were no significant differences in
femur density and femur bone mineral between the groups. In an animal study done by Tavafzadeh
et al. (2011), forty eight of 12-week old female rats were divided into four groups: control group, honey
supplementation group, jumping exercise group without supplementation group, and combined
jumping exercise and honey supplementation group. Oral honey supplementation was given to the
rats at dosage of 1 g/kg of body weight/day for 8 weeks. Jumping exercise consisted of 40 jumps per
day for 5 days per week at the height of 40 cm. This study found that combination of jumping exercise
and honey supplementation may elicit beneficial effects on lower extremity bone properties and bone
metabolism when compared to either jumping exercise or honey supplementation alone or control
group in young female rats.

In a human study by Ooi et al. (2011), it was found that combination of aerobic dance exercise and
honey supplementation i.e. 20 g of honey diluted in 300 mL of plain water for 8 weeks elicited more
beneficial effects on bone turnover markers generally compared to aerobic dance exercise or honey
supplementation alone in sedentary young female. A study by Mosavat et al. (2014) investigated honey
supplementation combined with different jumping exercise intensities on bone mass and serum bone
metabolism markers. This study indicated that supplementation of honey with 80 jumps per day, 5
days per week for 8 weeks elicited greatest beneficial effects on tibial and femoral mass, bone
metabolism markers such as serum total calcium and alkaline phosphatase concentrations. This study
concluded that high intensity jumping exercise combined with honey supplementation has more
discernable beneficial effects on bone mass and bone metabolism.
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EFFECTS OF HONEY SUPPLEMENTATION ON SPORTS PERFORMANCE

To date, there is scanty data on effect of honey supplementation on sports performance. It only
has several studies showed ergogenic beneficial effects of pre-exercise supplementation (Earnest et al.,
2004; Shukri et al., 2011; Aly et al., 2019) and post-exercise supplementation (Ahmad et al., 2015) of
honey on sports performance will be summarised in this article. There have two studies by (Abbey &
Rankin, 2009; Hajizadeh et al., 2016) reported that honey supplementation did not show ergogenic
effect on sports performance will be excluded for summarizing in this article. Table 1 summarizes
current published research areas related to the honey supplementation on sports performance.

Table 1. Research areas related to the honey supplementation on sports performance.

Author Research areas

Earnest et al. (2004) Low versus high glycemic index carbohydrate gel ingestion during stimulated
64 km cycling time trial performance

Shukri et al. (2011) Effects of acacia honey drink supplementation compared to sports drink on
blood glucose and running performance in the heat

Ahmad et al. (2015) Effects of post-exercise honey drink ingestion on blood glucose and subsequent
running performance in the heat

Aly et al. (2019) The effect of honey supplementation formula on delaying some fatigue

markers on 1500 meters runners

Earnest et al. (2004) investigated effect of honey supplementation or placebo feedings during a
simulated 64-km cycling time trial. In this study, nine subjects consumed 15 g of honey or placebo
every 16 km during cycling time trial. This study found that time to complete 64 km cycling time trial
for honey trial was significantly shorter in comparison with placebo trial. This finding reflected that
supplementation of 15 g of honey at every 16 km cycling was able act as ergogenic aid for cyclists
compared to the placebo. Shukri et al. (2011) investigated the effects of honey supplementation and
sports drink pre-exercise on endurance running performance. Subjects run at 60% VOazmax for 60
minutes and immediately followed by 20 minutes time trial performance on a motorized treadmill.
Subjects consumed 500 ml of honey drink or sports drinks one hour before trial. Subjects also
consumed 3ml per kg of body weight of cool honey or sports drink every 20 minutes during the
running trial in a randomized controlled trial. This study discovered that there was no significant
difference in distance covered in the 20 minutes time trial performance between the two trials. This
finding reflected that honey drink can replace sports drink as an ergogenic drink to improve
endurance running performance in the hot and humid condition (31°c & 70% relative humidity).

Ahmad et al. (2015) conducted a research to investigate effects of honey drink supplementation
during rehydration post exercise on subsequent endurance performance. Ten athletes were recruited
in this study. During exercise test, subject was required to run on a motorized treadmill at 65% VOzmax
intensity for 60 minutes. During two hours recovery, subjects were given honey drink or placebo with
equivalent to 150% of body weight lost in a randomized controlled trial. After recovery, subjects
performed 20 minutes running time trial performance. This study discovered there was a longer
distance covered in the running time trial performance in the honey trial compared to the placebo
trial. Blood glucose concentration in the honey trial was significant higher in comparison with the
placebo trial. High blood glucose concentration during recovery and running will be used as energy
and augment endurance running performance. This study showed that honey supplementation
contributed more ergogenic effects than placebo on subsequent running performance after two hours
recovery.

UMS Colloquium on Fundamental Research and Applications 2020 (UMS Co-FA2020)



>
O
Q
o
=)
Z
=
O
e
-
=
Z
<
o
—
Z
=
o
w
Z
=)
v
Z
=
=
)
<
w
E
=

Wong, 2021. Transactions on Science and Technology. 8(3-2), 184 - 190 187

There was a field test conducted by Aly et al. (2019) investigated effects of honey supplementation
on 1500 meters run. Fifty subjects were voluntary participated in this study. The experimental design
of this study was divided into experimental group and control group. Subjects in the experimental
group consumed honey drink for one week before and after running while the subjects in the control
group was running without using the honey drink. Subjects in the experimental group were given
honey drink that contains 50g of honey + 0.5g of royal jelly + 0.5g bee-pollen. This study found that
experimental group was faster to complete 1500 meter run in comparison with control group. The
blood glucose concentration was reported higher in the experimental group compared to the control
group. Blood glucose will be used as adenosine triphosphate that provides energy for enhancing
sports performance. This finding indicated that honey supplementation was more beneficial on 1,500
meter run compared to the placebo.

CONCLUSION

The evidences from the above-mentioned previous studies indicating the ergogenic beneficial
effects of honey supplementation on bone metabolism markers and sports performance are due to the
natural antioxidant properties and nutritious content of honey. Further studies are still warranted to
investigate effects of honey supplementation on sports performance at different types, intensity and
duration of exercise. Additional clinical studies are also required to investigate long term
supplementation of honey on bone health among athletes. The findings will be beneficial for those
athletes who want to enhance their sports performance and bone health. As a conclusion, honey is a
natural ergogenic aid supplement that should be used by athletes to enhance their bone health and
sports performance.

ACKNOWLEDGEMENTS
The author thanks to Universiti Malaysia Sabah for supporting this research (SBK0361-2017).

REFERENCES

[1] Abbey, E.L. & Rankin, J.W. 2009. Effect of ingesting of honey sweetened beverage on soccer
performance and exercise induced cytokine response. International Journal of Nutrition and
Metabolism, 19, 659-672.

[2] Abouda, Z., Zerdani, I., Kalalou, I., Faid, M. & Ahami, M.T. 2011. The antibacterial activity of
Moroccan bee bread and bee-pollen (fresh and dried) against pathogenic bacteria. Research Journal
of Microbiology, 6, 376-384.

[3] Ahmad, N.S., Ooi, F.K,, Ismail, M.S. & Mohamed, M. 2015. Effects of post-exercise honey drink
ingestion on blood glucose and subsequent running performance in the heat. Asian Journal of
Sports Medicine, 6, 1-8.

[4] Ahmed, S., Sulaiman, S. A., Baig, A.A., Ibrahim, M., Liaqat, S., Fatima, S., Jabeen, S., Shamin, N.
& Othman, N.H. 2018. Honey as a potential natural antioxidant medicine: an insight into its
molecular mechanisms of action. Oxidative Medicine and Cellular Longevity, 10, 1-19.

[56] Aljadi, AM. & Kamaruddin, M.Y. 2004. Evaluation of the phenolic contents and antioxidant
capacities of two Malaysian floral honeys. Food Chemistry, 85(5), 513-518.

[6] Al-Mamary, M., Al-Meeri, A. & Al-Habori, M. 2002. Antioxidant activities and total phenolic of
different types of honey. Nutrition Research, 22, 1041-1047.

[7] Al-Waili, ].N.S. 2003. Effects of daily consumption of honey solution on hematological indices
and blood levels of minerals and enzymes in normal individuals. Journal of Medicinal Food, 6 (2),
135-140.

UMS Colloquium on Fundamental Research and Applications 2020 (UMS Co-FA2020)



>
O
Q
o
=)
Z
=
O
e
-
=
Z
<
o
—
Z
=
o
w
Z
=)
v
Z
=
=
)
<
w
E
=

Wong, 2021. Transactions on Science and Technology. 8(3-2), 184 - 190 188

[8] Aly, M.O., Elgohary, R. & Tayel, D.I. 2019. The effect of honey supplementation formula on
delaying some fatigue markers on 1500 meters runners. International Journal of Sports Science, 9,
47-53.

[9] Ariefdjohan, M.W., Martin, B.R., Lachcik, P.J. & Weaver, C.M. 2008. Acute and chronic effects of
honey and its carbohydrate constituents on calcium absorption in rats. Journal of Agricultural and
Food Chemistry, 56(8), 2649-2654.

[10] Aryappalli, P., Shabbiri, K., Masad, R., Al-Marri, R.H., Haneefa, S.M., Mohamed, Y.A., Attoub,
S., Marques, O., Ramadi, K.N., Cabezudo, M.]. & Ramadi, B.K. 2019. Inhibition of tyrosine-
phosphorylated STAT3 in human breast and lung cancer cells by Manuka honey is mediated by
selective antagonism of the IL-6 receptor. International Journal of Molecular Sciences, 20, 1-21.

[11] Bogdanov, S., Jurendic, T., Sieber, R. & Gallmann, P. 2008. Honey for nutrition and health: A
review. Journal of the American College of Nutrition, 27, 677-689.

[12] Chepulis, L. & Starkey, N. 2008. The long term effects of feeding honey compared with sucrose
and a sugar free diet on weight gain, lipid profiles, and DEXA measurements in rats. Journal of
Food Science, 73, 1-7.

[13] Cooper, R.A., Molan, P., Krishnamoorthy, L. & Harding, K. 2001. Manuka honey used to heal a
recalcitrant surgical wound. European Journal of Clinical Microbiology and Infection Disease, 20, 758—
759.

[14] Dekkers, J.C., Van Doornen, L.J. & Kemper, H.C. 1996. The role of antioxidant vitamins and
enzymes in the prevention of exercise-induced muscle damage. Sports Medicine, 21(3), 213-238.

[15] Domazetovic, V., Marcucci, G., Lantomasi, T., Brandi, M.L. & Vincenzini, M.T. 2017. Oxidative
stress in bone remodelling: role of antioxidant. Clinical Cases in Mineral and Bone Metabolism, 14(2),
209-216.

[16] Earnest, C.P., Lancaster, S.L., Rasmussen, C.J., Kerkisck, C.M., Lucia, A., Greenwood, M.C,,
Almada, A.L., Cowan, P.A. & Kredier, R.B. 2004. Low versus high glycemic index carbohydrate
gel ingestion during stimulated 64 km cycling time trial performance. Journal of Strength and
Conditioning Research, 18, 466-472.

[17] Erejuwa, O.O., Sulaiman, S.A. & AbWahab, M.S. 2012. Honey: A novel antioxidant. Molecules, 17,
4400-4423.

[18] Ferreres, F., Ortiz, A., Silva, C. & Garcia-Viguera, C. 1992. Flavonoids of La Alcarria honey: A
study of their botanical origin. International Journal of Food Research and Technology, 194, 139-143.

[19] Hajizadeh, M.B., Tartibian, B., Mooren, F.C., Kruger, K., FitzGerald, L.Z. & Chehrazi, M. 2016. A
randomized controlled trial examining the effects of 16 weeks of moderate-to-intensive cycling
and honey supplementation on lymphocyte oxidative DNA damage and cytokine changes in
male road cyclists. Cytokine, 88, 222-231.

[20] Hertog, M.G., Feskens, E.J. & Hollman, P.C. 1993. Dietary antioxidant flavonoids and risk of
coronary heart disease: the zutphen elderly study. Lancet, 342, 1007-1011.

[21] Kamaruzzaman, M.A., Chin, K.Y. & Ramli, E.S. 2019. A review of potential beneficial effects of
honey on bone health. Evidence-Based Complementary and Alternative Medicine, 10(1), 1-10.

[22] Lusby, P.E., Coombes, A.L. & Wilkinson, J.M. 2005. Bactericidal activity of different honeys
against pathogenic bacteria. Archives of Medical Research, 36(5), 464-467.

[23] Mosavat, M., Ooi, F.K. & Mohamed, M. 2014. Effects of honey supplementation combined with
different jumping exercise intensities on bone mass, serum bone metabolism markers and
gonadotropins in female rats. BMC Complementary and Alternative Medicine, 14, 1-8.

[24] Nadia, M.E., Norazlina, M., Norliza, M., Isa, N. & Ahmad, N.S. 2012. Review article: The effects
of Tualang honey on bone metabolism of postmenopausal women. Evidence-Based Complementary
and Alternative Medicine, 1, 1-7.

[25] Nagai, T., Sakai, M., Inoue, R., Inoue, H. & Suzuki, N. 2001. Antioxidative activities of some
commercially honeys, royal jelly and propolis. Food Chemistry, 75, 237-240.

UMS Colloquium on Fundamental Research and Applications 2020 (UMS Co-FA2020)



>
O
Q
o
=)
Z
=
O
e
-
=
Z
<
o
—
Z
=
o
w
Z
=)
v
Z
=
=
)
<
w
E
=

Wong, 2021. Transactions on Science and Technology. 8(3-2), 184 - 190 189

[26] Nayaka, N.M.D., Fidrianny, L., Rika, S. & Singgih, M. 2020. Antioxidant and antibacterial activities
of multiflora honey extracts from the Indonesian Apis cerana bee. Journal of Taibah University
Medical Sciences, 15(3), 211-217.

[27] Ooi, E.K,, Ismail, N.S. & Abdullah, M.Y. 2011. Effects of combined aerobic dance exercise and
honey supplementation on bone turnover markers in young females. Asian Journal of Exercise and
Sports Science, 8(1), 53-63.

[28] Orrenius, S., Gogvadze, V. & Zhivotovsky, B. 2007. Mitochondrial oxidative stress: implications
for cell death. Annual Review of Pharmacology and Toxicology, 47, 143-183.

[29] Rakha, M.K., Nabil, Z.I. & Hussien, A.A. 2008. Cardioactive and vasoactive effects of natural wild
honey against cardiac malperformance induced by hyperadrenergic activity. Journal of Medicinal
Food, 11(1), 91-98.

[30] Rao, L.G & Rao, A.V. 2013. Oxidative stress and antioxidants in the risk of osteoporosis —role of
the antioxidants lycopene and polyphenols. Topics in Osteoporosis, 5, 117-144.

[31] Schneider, M., Coyle, S., Warnock, M., Gow, L. & Fyfe, L. 2013. Anti-microbial activity and
composition of manuka and portobello honey. Phytotherapy Research, 27, 1162-1168.

[32] Sen, A. (1995). Oxidants and antioxidants in exercise. Journal of Applied Physiology, 79(3), 675-686.

[33] Seung, H.P., Young, KK, Moon, S.K. & Seung, H.L. 2020. Antioxidant and antibacterial
properties of Hovenia (Hovenia dulcis) monofloral honey produced in South Korea. Food Science
and Animal Resources, 40(2), 221-230.

[34] Sherlock, O., Dolan, A. & Athman, R. 2010. Comparison of the antimicrobial activity of Ulmo
honey from Chile and Manuka honey against methicillin-resistant Staphylococcus aureus,
Escherichia coli and Pseudomonas aeruginosa. BMC Complementary and Alternative Medicine, 10,
321-328.

[35] Shukri, N., Ooi, F.K.,, Chen, CK. & Sirajudeen, K.N.S. 2011. Effects of acacia honey drink
supplementation compared to sports drink on blood glucose and running performance in the
heat. Proceedings of 16" National Conference on Medical and Health Sciences. 22-23 June 2011,
Kelantan, Malaysia. pp 201-205.

[36] Swellam, T. Miyanaga, N. & Onozawa, M. 2003. Antineoplastic activity of honey in an
experimental bladder cancer implantation model: in vivo and in vitro studies. International Journal
of Urology, 10, 213-219.

[37] Tartibian, B. & Maleki, B.H. 2012. The effects of honey supplementation on seminal plasma
cytokines, oxidative stress biomarkers and antioxidants during 8 weeks of intensive cycling
training. Journal of Andrology, 3, 449-461.

[38] Tavafzadeh, S.S., Ooi, F.K., Krasilshchikov, O. & Sulaiman, S.A. 2011. Effect of a combination of
jumping exercise and honey supplementation on the mass, strength and physical dimensions of
bones in young female rats. Journal of ApiProduct and ApiMedical Science, 3(1), 26-32.

[39] Tomasin, R., Pascoal, A.C.R.F., Salvador, M.]. & Gomes-Marcondes, M.C.G. 2020. Aloe vera and
honey solution and their ethanolic extraction solution could act on metastasis-regulating
processes in walker 256 tumor tissues in vivo? Nutrition and Cancer, 1, 1-9.

[40] Wang, X.H., Andrae, L. & Engeseth, N.J. 2002. Antimutagenic effect of various honeys and sugars
against Trp-p-1. Journal of Agricultural and Food Chemistry, 50(23), 6923-6928.

[41] Yang, X.P., Guo, D., Zhang, ] M. & Wu, M.C. 2007. Characterization and antitumor activity of
pollen polysaccharide. International Immunopharmacology, 7, 401-408.

[42] Zahan, O.M., Serban, O., Gherman, C. & Fodor, D. 2020. The evaluation of oxidative stress in
osteoarthritis. Medicine and Pharmacy Reports, 93(1), 12-22.

[43] Zaharil, M.S., Sulaiman, S.A., Halim, A.S., Jumaat, M.Y.S. & Jaafar, H. 2011. The efficacy of
Tualang honey in comparison to silver in dressing wounds in rats. Journal of ApiProduct and
ApiMedical Science, 3, 45-53.

UMS Colloquium on Fundamental Research and Applications 2020 (UMS Co-FA2020)



Wong, 2021. Transactions on Science and Technology. 8(3-2), 184 - 190 190

[44] Zhou, Q.Z,, Li, Zhu, Zhang, D.F,, Li, N, Li, Q., Dai, P.P., Mao, Y.X,, Li, XM., Ma, J.F. & Huang,
S.B. 2016. Oxidative stress-related biomarkers in postmenopausal osteoporosis: a systematic
review and meta-analyses. Disease Markers, 2, 1-12.

o
&)
=)
]
=
Z
=
o
22
ot
a
Z
<
<2
=
Z
=
-
v
Z
o
%)
Z
=
=
(=)
<
%)
E
e

UMS Colloquium on Fundamental Research and Applications 2020 (UMS Co-FA2020)




