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a  b  s t  r  a c  t

Honey  is a natural product produced  by  both honey  bees  and  stingless  bees.  Both  types  of  honey  contain

unique  and distinct types  of phenolic  and  flavonoid  compounds  of variable  biological  and clinical  impor-

tance.  Honey  is  one  of  the  most effective  natural  products  used  for wound  healing.  In  this review,  the

traditional  uses and  clinical applications  of both honey  bee and  stingless bee  honey  – such  as antimicro-

bial,  antioxidant, anti-inflammatory,  anticancer,  antihyperlipidemic,  and  cardioprotective  properties;  the

treatment  of eye disorders, gastrointestinal  tract diseases,  neurological  disorders,  and fertility  disorders

and  wound  healing activity  are  described.

©  2016  Sociedade  Brasileira  de  Farmacognosia.  Published  by  Elsevier  Editora Ltda.  This  is  an  open

access article  under  the  CC BY-NC-ND  license  (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Honey is a natural sweetener that is  widely available across

the world. Among natural products, it is extensively used for

various applications, some clinical (Ahmed and Othman, 2013),

and contains approximately 200 distinct chemical compounds

(Ramanauskiene et al., 2012). Honey bee honey is  a  viscous solu-

tion containing various molecules, including fructose and glucose

(80–85%); water (15–17%); ash (0.2%); proteins and amino acids

(0.1–0.4%) and trace amounts of enzymes, vitamins and other sub-

stances, such as phenolic compounds. However, honey composition

varies depending on the types of plants from which the bee con-

sumes nectar. Nevertheless, nearly all honey worldwide contains

similar types of phenolic acids, including caffeic, ellagic, ferulic and

p-coumaric acids; flavonoids, such as apigenin, chrysin, galangin,

hesperetin, kaempferol, pinocembrin and quercetin; and antiox-

idants, such as tocopherols, ascorbic acid, superoxide dismutase

(SOD), catalase (CAT), and reduced glutathione (GSH). Each con-

stituent has unique nutritional and medicinal properties, and the

components act synergistically, lending honey utility in  a  variety

of applications (Patricia et  al., 2015a). Nevertheless, the physical

properties and chemical composition of  honeys fluctuate based on

the plants from which the bees collect raw material. In addition,
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differences in  the type of flora, climatic conditions and geographi-

cal region also influence honey’s physical and chemical properties.

In a recent study, different methods were used for discrimination

of the entomological origins of sting bee and stingless bee honeys

(Patricia et  al., 2011, 2015b) as well as  authentication of commercial

honeys by nuclear magnetic resonance (Schievano et al., 2015).

Several  research studies of honey have confirmed its biological

properties, such as antioxidant, anti-inflammatory, anti-bacterial,

antiviral, anti-ulcer activities; and antihyperlipidemic, antidia-

betic and anticancer properties (Erejuwa et al., 2010; Kishore

et al., 2011; Viuda-Martos et al., 2008). It  has been reported that

honey lowers cardiovascular risk in both healthy patients and

in those with increased risk factors. Various parameters, such as

plasma glucose, plasma insulin, cholesterol, triacylglycerides (TG),

blood lipids, C-reactive proteins and homocysteine, were inves-

tigated following in vivo administration of natural and artificial

honeys; natural honey was found to  have significant ameliora-

tive effects on the aforementioned parameters (Al-Waili, 2004). In

particular, Tualang (Koompassia excelsa) honey has been reported

to have protective effects in learning and memory, including

enhanced morphology of  memory-related brain areas, increased

levels of  brain-derived neurotrophic factor, reduced brain oxidative

stress, increased acetylcholine concentration, and reduced acetyl

cholinesterase activity in  brain homogenates (Al-Himyari, 2009;

Othman et al., 2015).

Stingless  bee honey is  a  precious bee product of  the stingless bee.

Stingless bee honey is  different from that produced by  the bees of
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Fig. 1. Honey comb (A) of sting bee honey and pot  (B) of  stingless bee honey.

the genus Apis (i.e., the honey bee) in terms of its color, taste and

viscosity (Almeida-Muradian et al., 2014; Guerrini et al.,  2009). This

valuable bee product has traditionally been consumed directly and

used in numerous medical practices: both traditional methods, in

which honey is harvested directly from the forest, and in the more

well-established meliponary (Souza et al.,  2006). The honey comb

of sting bee honey and honey pot of stingless bee honey are repre-

sented in Fig. 1. The aim of this review is to summarize information

on the traditional and clinical uses of honey bee and stingless

bee honey to augment various biological activities and to treat

diseases.

Chemical constituents of honey bee and stingless bee honey

Honey  contains approximately 200 compounds, such as vita-

mins, enzymes, amino acids and minerals, with the major content

being water and sugars. Sugars comprise approximately 95–99% of

honey’s dry matter. Of the sugars in honey, fructose is  the most

prevalent, comprising approximately 32–38% of its total sugar.

In addition to fructose and glucose, several other disaccharides

and oligosaccharides, including sucrose, maltose, maltotriose and

panose, can be found. Organic acids, minerals and trace elements

such as calcium, potassium, sodium, magnesium, phosphorus, sul-

phur, iron, zinc, copper and manganese are other components

present.

In addition, various vitamins, including ascorbic acid (Vitamin

C), thiamine (Vitamin B1), pantothenic acid (Vitamin B5), riboflavin

(Vitamin B2), nicotinic acid (Vitamin B3), pyridoxine (Vitamin

B6), biotin (Vitamin B8), folic acid (Vitamin B9)  and cyanocobal-

amin (Vitamin B12), are present (Ciulu et al., 2011). Enzymes

and proteins are minor constituents, with the enzymes playing

a vital role in various activities, including antimicrobial activ-

ity and facilitating calcium absorption (Ariefdjohan et al., 2008).

Many studies have reported (Can et al., 2015; Escriche et al.,

2014; Flores et al., 2015; Habib et al., 2014) that the antioxi-

dant capacity of honey is dependent not only on the presence of

total phenolic compounds but also on the presence of flavonoids,

which play an important role in ameliorating oxidative stress.

Interglycosidic linkages in O-glycosil flavones from Tetragonula car-

bonaria have previously been detected by high-performance liquid

chromatography/photodiode-array (Truchado et al., 2015).

A  variety of  flavonoids and terpenoids have been reported in

various honeys. In  manuka honey, pinocembrin (1), chrysin (2),

pinobanksin (3), 8-methoxykaempferol (4), luteolin (5), isorham-

netin (6), galangin (7), kaempferol, sakuranetin (8), quercetin and

magniferolic acid (9) and 3�-hydroxy-24-methylenecycloartan-

26-oic acid (10) have been identified (Ahmed and Othman, 2013).

The various physicochemical properties of honey bee and sting-

less bee honey are summarized in Tables 1 and 2. Various types of

therapeutic efficacies of honey are depicted in  Fig. 2.

Table 1
Physicochemical properties of honey bee (Tualang and Manuka honey) and stingless bee honey.

Physico-chemical properties TH

(Erejuwa et  al.,

2010)

MH

(Stephens

et  al.,  2010)

Stingless bee honey

(Souza  et al., 2006)

IHC  guideline

(Bogdanov

et al., 1999)

Appearance Dark brown Light-dark

brown

Amber brown Colorless to

dark  brown

Moisture content 23.30% (Ahmed

and  Othman,

2013)

18.70% 25.02 <20.00

pH 3.55–4.00 3.20–4.20 3.05–4.55 3.40–6.00

Total reducing sugars 67.50% 76.00% 55.00–86.00% >60.00

Glucose 30.00% 36.20% 8.20–30.98 23.00–32.00

Fructose 29.60% 40.00% 31.11–40.20 31.20–42.40

Sucrose 0.60% 2.80% 0.31–1.26% 0.00–2.80

Maltose 7.90% 1.20% NA NA

Calcium 0.18% 1.00% NA NA

Potassium 0.51% 1.00% NA NA

Sodium 0.26% 0.0008% NA NA

Magnesium 0.11% 1.00% NA NA

Specific gravity 1.34  1.39 NA NA

Electrical conductivity (mS/cm) 0.75–1.37 0.53 0.49–8.77 0.80–4.40

HMF (mg/kg) 46.17 40.00 8.80–69.00 <80

Ash content (g/100 g) 0.19 0.03 0.01–0.12 <0.6

TH, Tualang honey; MH,  Manuka honey; HMF, hydroxylmethylfufural; IHC, International Honey Commission; NA, not available.
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Fig. 2. Schematic representation of  the therapeutic effects of honey.

Table 2
Color  quality analysis of honey bee  and stingless bee honey samples.

Color Pfund scale (mm)

Water white <08

Extra white 09–17

White 18–34

Extra light amber 35–50

Light amber 51–85

Amber 86–114

Dark amber >114

Source: The National Honey Board (2007).

Traditional uses of honey

Honey  has held a place of importance in traditional medicine

for ages (Jeffrey and Echazarreta, 1996; Patricia et al., 2004, 2013).

For many years, honey has been a  pivotal player as an  antioxidant,

and it has been reported that honey can be used as a hepatoprotec-

tive and cardioprotective agent (EL-Kholy et al., 2009; El Denshary

et al., 2012; Erejuwa et al., 2012a). In addition, honey has protec-

tive effects against gastrointestinal ailments (El-Arab et al., 2006;

Salem, 1981).

Honey is among the best wound healers available in the nature.

The ancient Chinese, Egyptians, Greeks, Assyrian and Romans uti-

lized different types of honey to  treat wounds and diseases of the

intestine. Honey exerts known antibacterial effects against several

microorganisms, including Escherichia coli, Shigella spp., Helicobac-

ter pylori and Salmonella spp. (Al Somal et al., 1994; McGovern et  al.,

1999). In addition, honey is  reported to have anti-inflammatory

(Kassim et al., 2010; Nasuti et al., 2006) and anti-cancer activities

against breast, cervical (Fauzi et al., 2011) and prostate cancers

(Samarghandian et al.,  2011) as well as osteosarcoma (Ghashm

et al., 2010). Furthermore, honey is  traditionally used as an anti-

diabetic (Erejuwa et al., 2012b) and hypolipidemic agent (Adnan

et al., 2011) and to ameliorate thyroid disturbances (Adewoye and

Omolekulo, 2014).

Antimicrobial activity

Tetragonisca  angustula (T. angustula) is  a  stingless bee widely

available in  Brazil and Mexico. The biological activity of T. angus-

tula honey – particularly its antimicrobial activity – has been well
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documented and was found to  possess good antimicrobial activ-

ity against the bacterium S. aureus (Miorin et al., 2003). Another

study revealed that T. angustula honey has significant antimicrobial

activity against several different bacterial strains, including Bacil-

lus cereus (Gram positive bacteria) and Pseudomonas aeruginosa

(Gram negative bacteria), as  well as against yeasts such as  Candida

albicans and Saccharomyces cerevisiae (DeMera and Angert, 2004).

A recent study has confirmed the antibacterial activity of  T. angus-

tula honey on Gram positive bacteria such as  Staphylococcus aureus

and Enterococcus faecali, as well as coagulase-negative methicillin-

sensitive and Gram negative bacteria such as P. aeruginosa and E. coli

(Sgariglia et al., 2010).

A  recent study reported that the eleven types of stingless bee

honey, including that of Trigona carbonaria, have potential antimi-

crobial activity against several types of microorganisms collected

from thirteen clinical samples in  addition to standard reference

strains (Boorn et al., 2010). Furthermore, Trigona laeviceps, a  stin-

gless bee found in Thailand, produces honey with antimicrobial

activity against several types of bacteria (E. coli and S. aureus) and

the fungal strain Aspergillus niger, as well as two types of yeasts

(Auriobasidium pullulans and C.  albicans) (Chanchao, 2009).

Honey  bee honey also displays a  wide range of antimicrobial

activities against various types of bacteria, fungi and viruses (Aggad

and Guemour, 2014; Cooper et  al., 1999; Nasir et al., 2010). Manuka

honey is one of the most potent and well-investigated honeys for

its antimicrobial and wound healing activities (Al Somal et al.,

1994; Willix et al., 1992). Tualang honey from Malaysia was  also

reported to have significant antimicrobial and wound healing activ-

ities (Bergman et al., 1983; Efem, 1988). In our previous study (Tan

et al., 2009), both Tualang and Manuka honey were effective against

Stenotrophomonas maltophilia (Tan et al., 2009). However, Tualang

honey had a lower MIC (11.25%) against Acinetobacter baumannii

compared with manuka honey (12.5%).

Antioxidant activities

Two  types of stingless bee honeys (T. angustula and Plebeia

wittmanni) have been reported to have good antioxidant activ-

ity (Vattuone et al., 2007). A study conducted in the Northeastern

regions of Brazil revealed that stingless bee honey from Melipona

(Michmelia) seminigra merrillae possesses antioxidant potential (da

Silva et al., 2013). Furthermore, T. carbonaria, Melipona fasciculate,

Melipona subnitida and Melipona aff. Fuscopilosa honeys showed sig-

nificant antioxidant activity in vitro. Among all stingless bee honey

samples, T. carbonaria had the best antioxidant activities, indicating

that the antioxidant potential of honey varies based on type.

Several  studies have indicated that honey bees from differ-

ent geographical regions have sufficient but variable antioxidant

activity. In a study by Kishore et al. (2011), it was reported that

the radical scavenging activity of Tualang honey bees is high,

and their honey had the highest antioxidant activity among the

honey types compared. Tualang honey collected from forests

in Malaysia showed substantial antioxidant activity, as indi-

cated by several tests including the 1,1-diphenyl-2-picrylhydrazil

(DPPH)  and FRAP assay (Henderson et al., 2015), ORAC assay

(The Oxygen Radical Absorbance Capacity), ABTS [2,2-azinobis

(3-ehtylbenzothiazoline-6-sulfonic acid) diammonium salt assay,

TEAC (Trolox-equivalent antioxidant capacity) assay and ascorbic

acid content assay (Bashkaran et al., 2011; Erejuwa et al.,  2012a,b;

Ferreira et al., 2009; Khalil et al., 2012, 2015; Moniruzzaman et al.,

2012, 2013, 2014). Algerian and Bangladesh honeys have also been

reported to have good antioxidant activity (Khalil et al., 2012;

Moniruzzaman et al., 2014). Flavonoids and polyphenols found in

honey also have been reported to  have antioxidant activity (Pérez-

Pérez et al., 2013).

Anti-inflammatory activity

Melipona  marginata is  an endangered stingless bee species from

Brazil. It produces honey with unique physicochemical properties

and a  distinctive flavor. In  one study, the honey extracted from M.

marginata showed anti-inflammatory effects when applied to  the

skin (Borsato et al., 2014).

The efficacy of Manuka honey and its components as anti-

inflammatory agents have also been reported. The production of

various inflammatory cytokines has been assessed by  exposing

human monocytes to Manuka honey (Tonks et al., 2003). The results

of this study revealed that the honey stimulated the production

of inflammatory cytokines interleukin-1� (IL-1�) and IL-6 as well

as tumor necrosis factor-� (TNF-�) through a toll-like receptor 4

(TLR4)-dependent pathway. In particular, one of the main com-

ponents of Manuka honey, a  protein with a molecular weight of

5.8 kDa, is  reported to be responsible for the stimulation of  different

types of cytokines in  human monocytes through the TLR4 pathway

(Tonks et al., 2007).

Tualang  honey has been shown to  possess anti-inflammatory

activities in  animals. The administration of Tualang honey to a

chemically induced injury on rabbit cornea yielded effects sim-

ilar to those of conventional treatment (Bashkaran et  al., 2011)

indicating its potential to treat ailments of the eye. Another study

reported the effects of Tualang honey on early biomarkers of

photocarcinogenesis in  the PAM212 mouse keratinocyte cell line.

Keratinocytes treated with Tualang honey were protected against

exposure to  ultraviolet-B radiation. The same study also noted the

anti-inflammatory capacity of Tualang honey (Ahmad et al., 2012).

Eye diseases

Stingless bee honey also plays an important role in treat-

ing chemically induced cataracts. Honey from the stingless bee

Melipona favosa favosa exhibited activity against sodium selenite-

induced cataracts in  Wistar rats. Furthermore, the application of

stingless bee honey as an  eye wash agent has led to the retardation

of selenite-induced cataracts in rats (Patricia, 2002). In  addition,

Meliponini honey has been used as an  eyedropper to  treat eyesight

problems. Honey from the stingless bee species Tetragonisca is also

used in the treatment of glaucoma and cataracts (Costa-Neto and

Oliveira, 2000).

Gastrointestinal tract diseases

Another  important medicinal use of  honey is in  the treatment

of gastrointestinal tract diseases. Some honey preparations have

shown beneficial effects in  dyspepsia and in the treatment of peri-

odontal diseases. Honey also has beneficial effects in  children with

gastroenteritis. The continuous treatment with honey of  a group of

children resulted in a  reduction in the duration of diarrhea (Haffejee

and Moosa, 1985). One study reported the potential of honey to

treat ethanol-induced increased vascular permeability and gas-

trointestinal disturbances (Ali and Al-Swayeh, 1997). Nevertheless,

to our knowledge, no scientific report is available on the utility of

stingless bee honey for treating gastrointestinal disorders.

Neurological disorders

Oxidative  stress is  one of the major causes of neuroinflamma-

tion, which leads to neuronal apoptosis and death. A recent study

on Tualang honey from Malaysia in  the context of neurodegener-

ative disorders reported that honey may  have significant activity

against chronic cerebral hypoperfusion, which is one of  several

factors contributing to  Alzheimer’s disease (Saxena et al., 2014).

Several studies have confirmed the beneficial effects of honey on



P.V. Rao et al. / Revista Brasileira de Farmacognosia 26 (2016) 657–664 661

memory and learning processes. A  long-term study on the efficacy

of honey in treating dementia in humans found that honey and the

components present in honey may  prevent dementia and other

cognitive diseases (Al-Himyari, 2009). Another study in  which

honey was continuously administered to animals revealed that

memory is enhanced and there is increased proliferation of neu-

rons in hippocampal regions (Al-Rahbi et al., 2014). However, to  our

knowledge, there is  lack of  investigation of the neurological effects

of stingless bee honey; thus, more studies should be conducted.

Effect  on fertility

Honey  has beneficial effects on fertility as well as in ameliorat-

ing the hormones related to fertility. A recent study on rats exposed

to auditory stress reported that a  decrease in  fertility could be

ameliorated with 0.2 ml  of  5% honey dissolved in water. Noise is

a natural teratogenic factor that severely impacts human health,

reproductive fitness, and the function of reproductive organs. This

study indicated that honey consumption ameliorated altered lev-

els of follicle stimulating hormone (FSH), luteinizing hormone (LH),

and testosterone. In addition, positive effects of vitamin E on these

parameters have been reported (Rajabzadeh et al., 2015a,b).

Stress  plays a  vital role in many diseases, disorders and dysfunc-

tions. Alterations in reproductive function are a  common feature

of increased levels of stress. In one study, the administration

of Tualang honey to restraint-stressed pregnant rats at 1.2 g/kg

daily conferred beneficial effects on various parameters, such as

corticosterone level, pregnancy outcome and adrenal histomor-

phometry (Haron et al., 2014). Mosavat et al. (2014) reported that

honey supplementation at 1 g/kg resulted in a  significant restor-

ative effect on altered gonadotropin levels in female rats (Mosavat

et al., 2014). Another study reported that smoke-induced repro-

ductive toxicity was ameliorated by  the oral administration of

honey at 1.2 g/kg/day, which improved the percentage of success-

ful intromission and ejaculation in  rats. By extension, this results in

increased fertility and mating rates (Mohamed et al., 2013). How-

ever, to our knowledge, reports on the effects of stingless bee honey

on fertility are lacking, and the possible effects require further

investigation.

Antidiabetic activity

The  antihyperglycemic effects of honey in rabbits with chemi-

cally induced diabetes have been confirmed. One study found that

different doses of honey (as low as 5 ml/kg) produced a significant

reduction in blood glucose levels and other related parameters.

The study indicated that even at low doses (5 ml/kg), honey may

be a good alternative to sucrose as a  natural sweetener for dia-

betic patients (Akhtar and Khan, 1989). Honey and its components

were found to have several health benefits with long-term usage.

Honey showed beneficial effects in one report, including weight

improvement and reduction in  blood glucose levels.

Honey contains a  high concentration of fructose, a  monosac-

charide capable of elevating blood glucose levels through oral

absorption. It is therefore a  paradox that researchers and nutrition-

ists have encouraged the use of honey as a  nutrition supplement

in diabetic individuals (Adesoji and Oluwakemi, 2008). A  recent

review has been published with a detailed information on the

antidiabetic action of honey (Erejuwa et al., 2012b). To  our knowl-

edge, no data have been reported on the antidiabetic activities of

stingless bee honey.

Anticancer  activity

Cancer  is one of the most important and dreadful diseases.

Numerous studies (Fauzi et al., 2011; Hawley et al., 2014;

Kustiawan  et al., 2014; Othman, 2012) on the efficacy of  honey

on various types of cancers have shown that honey has debrid-

ing potential and stimulates angiogenic action. A study on the

efficacy of honey against cancerous cells regarding their stability,

viability and even metastasis showed significant anti-angiogenic

effects (Fauzi et al., 2011). Several studies on honeys from Malaysia

reported good activities against various cancers, including oral,

bladder (Swellam et al., 2003), cervical (Fauzi et al., 2011), liver

(Baig and Attique, 2014), bone and breast (Fauzi et al., 2011) can-

cers.

Experimental evidence also shows that Tualang honey protects

non-cancerous cells from the adverse effects of tamoxifen through

a DNA repair mechanism in Michigan Cancer Foundation 10  A

(MCF-10A) cells compared with MCF-7 cells (Yaacob and Ismail,

2014). In addition, Manuka honey has been reported to possess

anticancer activities (Fernandez-Cabezudo et al.,  2013). A study

on the effect of Manuka honey on improving post-radiation symp-

toms of  esophagitis indicated its preventive effect on lung cancer

(Berk et al., 2014). In  a  study related to squamous cell carcinoma,

Manuka honey exhibited significant preventive effects, including a

reduction in inflammation and odor from wounds in the oral cav-

ity (Drain and Fleming, 2015). To our knowledge, although reports

on the anticancer effects of stingless bee propolis are available

(Choudhari et al., 2013; Kustiawan et al., 2014), the information on

the anticancer effects of stingless bee honey is  lacking and further

investigation is  required.

Cholesterol  and lipid-lowering effects in cardiovascular diseases

One  of the most noticeable applications of honey is  in reduc-

ing cholesterol levels in hyperlipidemic patients. For  example, the

continuous administration of 75 g of honey dissolved in 250 ml

water for 15 days significantly reduced lipid levels (Al-Waili, 2004).

Another study by Yaghoobi et al. (2008) reported the effects of

honey on fasting blood glucose (FBG), body weights, low-density

lipoprotein cholesterol (LDL-C), total cholesterol, high-density

lipoprotein cholesterol (HDL-C), triacylglycerol, and C-reactive pro-

tein (CRP) in  55 patients and showed that oral administration

of 70 g of honey for 30 days leads to a  reduction in  LDL, tri-

acylglycerols, and cholesterol in overweight patients (Yaghoobi

et al., 2008). In addition, HDL-C levels were elevated following

the consumption of 10% honey over a  prolonged period of time,

suggesting that regular honey consumption has the health bene-

fits of glycemic control and an improvement in  the lipid profile,

which directly or indirectly leads to a  reduction in the occurrence

of cardiovascular disease (Chepulis and Starkey, 2008). Tualang

honey administration (3 g/kg/day) for 45 days showed an effect

on myocardial ischemia in rats. Amelioration of the disturbance

in cardiac marker enzymes [creatine kinase-MB (CK-MB), lactate

dehydrogenase (LDH), and aspartate transaminase (AST)] has been

reported (Khalil et al., 2015).

Wound  healing activity

Many  studies have examined the wound healing effects of

honey. The wound healing activity of honey on experimental mice,

which received topical application of honey, has been positive.

Histopathology findings showed significant improvement in  gran-

ulation tissue thickness and open wound size. This study also

suggested that the topical application of honey to  wounds may

exhibit a  wound healing capacity (Bergman et al., 1983). In a  human

study of 59 patients, honey was found to improve wound heal-

ing. Honey also acts as debriding agent when applied directly to a

wound. One study reported that honey ameliorates granulation tis-

sue thickness, epithelialization, and edema around wounds (Efem,

1988).
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A randomized clinical study of 25 patients with wounds was

conducted to investigate the efficacy of honey for wound healing.

This study indicated that honey heals wounds rapidly and acts as

an antiseptic agent (Subrahmanyam, 1998). A study by Cooper et al.

(1999) demonstrated the antibacterial effects of Manuka honey on

wounds (Alvarez-Suarez et al., 2014; Cooper et al., 1999). Another

study revealed the substantial antimicrobial activity of Australian

stingless bee honey and suggested that stingless bee honey would

also possess wound healing activity (Boorn et al., 2010).

Conclusions and future prospects

Honey possesses numerous biological, biochemical and phys-

iological activities in  animals as well as in humans. The efficacy

of these properties depends on the types of phenolic com-

pounds present in the honey. Different types of honey have been

investigated for their antimicrobial, anticancer, antidiabetic, anti-

hypercholesterolemic, anti-inflammatory, antioxidant, and wound

healing properties. Unfortunately, research on stingless bee honey

has not been conducted systematically, so little information is  avail-

able. A small number of reports have documented the beneficial

effects of stingless bee honey in different contexts, such as  antimi-

crobial, antioxidant, and cataract studies and anti-inflammatory

activity. The information provided in  this review makes clear

the need for evaluation of the many potential biological and

pharmacological activities of stingless bee honey, including in

the treatment of diabetes, metabolic and neurological disorders,

cancer, cardiovascular-disease-related complications and hyper-

cholesterolemia and in wound healing.

Authors’ contributions

PVR  wrote the manuscript, drawn the structures of the com-

pounds, KT contributed in  the honey analytical part, tabulations,

NS made contributions in correcting the manuscript, GSH has

proofread the manuscript and given several inputs to improve the

manuscript technically.

Conflicts  of interest

The  authors declare no conflicts of interest.

Acknowledgements

We acknowledge the financial supports from the Research

Acculturation Collaborative Effort (RACE) (R/RACE/A07.00/01147A/

001/2015/000237) and RUT grants (1001/PPSP/853005).

References

Adesoji, F., Oluwakemi, A., 2008. Differential effect of honey on selected variables in
alloxan-induced and fructose-induced diabetic rats. Afr. J. Biomed. Res., 11.

Adewoye, E.O., Omolekulo, T., 2014. Effect of honey on altered thyroid state in female
Wistar rats. Arch. Basic Appl. Med. 2, 63–68.

Adnan, F., Sadiq, M., Jehangir, A., 2011. Anti-hyperlipidemic effect of Acacia honey
(desi kikar) in cholesterol-diet induced hyperlipidemia in rats. Biomedica 27,
62–67.

Aggad, H., Guemour, D., 2014. Honey antibacterial activity. Med. Aromat. Plants 3,
http://dx.doi.org/10.4172/2167-0412.1000152.

Ahmad, I., Jimenez, H., Yaacob, N.S., Yusuf, N., 2012. Tualang honey protects kera-
tinocytes from ultraviolet radiation-induced inflammation and DNA damage.
Photochem. Photobiol. 88, 1198–1204.

Ahmed, S., Othman, N.H., 2013. Review of the medicinal effects of Tualang honey
and a comparison with Manuka Honey. Malays. J. Med. Sci. 20, 6.

Akhtar,  M.S., Khan, M.S., 1989. Glycaemic responses to  three different honeys given
to normal and alloxan-diabetic rabbits. J. Pak. Med. Assoc. 39, 107–113.

Al-Himyari, F.A., 2009. The use of honey as a  natural preventive therapy of cognitive
decline and dementia in the middle east. Alzheimer Dement. 5, P247.

Al-Rahbi, B., Zakaria, R.,  Othman, Z., Hassan, A., Ismail, Z.I.M., Muthuraju, S.,
2014. Tualang honey supplement improves memory performance and hip-
pocampal  morphology in stressed ovariectomized rats. Acta Histochem. 116,
79–88.

Al-Waili, N.S., 2004. Natural honey lowers plasma glucose, C-reactive protein, homo-
cysteine, and blood lipids in healthy, diabetic, and hyperlipidemic subjects:
comparison  with dextrose and sucrose. J.  Med. Food 7,  100–107.

Al  Somal, N., Coley, K., Molan, P., Hancock, B., 1994. Susceptibility of Helicobac-
ter  pylori to  the antibacterial activity of manuka honey. J. R. Soc. Med. 87,
9–12.

Ali,  A.M., Al-Swayeh, O., 1997. Natural honey prevents ethanol-induced increased
vascular  permeability changes in the rat stomach. J. Ethnopharmacol. 55,
231–238.

Almeida-Muradian,  L.B., Stramm, K.M., Estevinho, L.M., 2014. Efficiency of the FT-
IR ATR spectrometry for the prediction of the physicochemical characteristics
of  Melipona subnitida honey and study of the  temperature’s effect on those
properties.  Int. J.  Food Sci. Technol. 49, 188–195.

Alvarez-Suarez, J.M.,  Gasparrini, M., Forbes-Hernández, T.Y., Mazzoni, L., Giampieri,
F., 2014. The composition and biological activity of honey: a  focus on  Manuka
honey.  Foods 3, 420–432.

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.
J. Agric. Food Chem. 56, 2649–2654.

Baig, S.,  Attique, H., 2014. Cytotoxic activity of honey in hepatoma cells: in  vitro
evaluation. Pak. J. Med. Dent. 3,  12.

Bashkaran, K., Zunaina, E.,  Bakiah, S.,  Sulaiman, S.A., Sirajudeen, K., Naik, V., 2011.
Anti-inflammatory and antioxidant effects of Tualang honey in alkali injury on
the eyes of rabbits: experimental animal study. BMC Complement. Altern. Med.
11, 90.

Bergman, A., Yanai, J., Weiss, J., Bell, D., David, M.P., 1983. Acceleration of wound
healing by  topical application of honey: an animal model. Am. J. Surg. 145,
374–376.

Berk,  L., Deshmukh, S.,  Fogh, S., Roof, K., Yacoub, S., Gergel, T., Stephans, K., Rimner,
A., DeNittis, A., Pablo, J., 2014. Randomized phase 2 trial of best supportive care:
Manuka  honey liquid and Manuka honey lozenges for prevention of radiation
esophagitis  during chemotherapy and radiation therapy for lung cancer. Int. J.
Radiat. Oncol. Boil. Phys. 90, S5.

Bogdanov, S.,  Lüllmann, C., Martin, P.,  1999. Honey quality, methods of analysis
and  international regulatory standards: review of the work of the International
Honey  Commission. Mitt. Lebensmittelunters. Hyg. 90, 108–125.

Boorn,  K., Khor, Y.Y., Sweetman, E.,  Tan, F., Heard, T., Hammer, K., 2010. Antimicrobial
activity  of honey from the stingless bee Trigona carbonaria determined by  agar
diffusion, agar dilution, broth microdilution and time-kill methodology. J. Appl.
Microbiol. 108, 1534–1543.

Borsato,  D.M., Prudente, A.S., Döll-Boscardin, P.M., Borsato, A.V., Luz, C.F., Maia,
B.H., Cabrini, D.A., Otuki, M.F., Miguel, M.D., Farago, P.V., 2014. Topical anti-
inflammatory  activity of  a monofloral honey of  Mimosa scabrella provided
by  Melipona marginata during winter in Southern Brazil. J.  Med. Food 17,
817–825.

Can,  Z., Yildiz, O., Sahin, H., Turumtay, E.A., Silici, S., Kolayli, S., 2015. An investigation
of  Turkish honeys: their physico-chemical properties, antioxidant capacities and
phenolic profiles. Food Chem. 180, 133–141.

Chanchao, C., 2009. Antimicrobial activity by Trigona laeviceps (stingless bee) honey
from Thailand. Pak. J.  Med. Sci. 25, 364–369.

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. J. Food Sci. 73, H1–H7.

Choudhari, M.K., Haghniaz, R., Rajwade, J.M.,  Paknikar, K.M., 2013. Anticancer activ-
ity of Indian stingless bee propolis: an in vitro study. Evid-Based Complement.
Altern.  Med., 2013.

Ciulu,  M., Solinas, S.,  Floris, I., Panzanelli, A., Pilo, M.I., Piu, P.C., Spano, N., Sanna, G.,
2011. RP-HPLC determination of water-soluble vitamins in honey. Talanta 83,
924–929.

Cooper,  R., Molan, P., Harding, K., 1999. Antibacterial activity of honey against strains
of Staphylococcus aureus from infected wounds. J. R. Soc. Med. 92, 283–285.

Costa-Neto, E.M., Oliveira, M.V.M., 2000. Cockroach is  good for asthma: zoothera-
peutic practices in Northeastern Brazil. Hum. Ecol. Rev. 7, 41–51.

da  Silva, I.A.A., da Silva, T.M.S., Camara, C.A., Queiroz, N., Magnani, M.,  de Novais,
J.S., Soledade, L.E.B., de Oliveira Lima, E.,  de Souza, A.L., de Souza, A.G., 2013.
Phenolic  profile, antioxidant activity and palynological analysis of  stingless bee
honey from Amazonas, Northern Brazil. Food Chem. 141, 3552–3558.

DeMera,  J.H., Angert, E.R., 2004. Comparison of the antimicrobial activity of  honey
produced by Tetragonisca angustula (Meliponinae) and Apis mellifera from dif-
ferent phytogeographic regions of Costa Rica. Apidologie 35, 411–417.

Drain, J., Fleming, M.O., 2015. Palliative management of malodorous squamous cell
carcinoma of the oral  cavity with Manuka honey. J. Wound Ostomy Cont. Nurs.
42, 190–192.

Efem, S., 1988. Clinical observations on the wound healing properties of honey. Brit.
J. Surg. 75, 679–681.

El-Arab,  A.M.E., Girgis, S.M., Hegazy, E.M., El-Khalek, A.B.A., 2006. Effect of dietary
honey on  intestinal microflora and toxicity of mycotoxins in mice. BMC Com-
plement. Altern. Med. 6, 6.

EL-Kholy, W.M., Hassan, H.A., Nour, S.E., Abe Elmageed, Z.E., Matrougui, K., 2009.
Hepatoprotective effects of  Nigella sativa and bees’ honey on hepatotoxicity
induced by administration of sodium nitrite and sunset yellow. FASEB J. 23,
732–733.



P.V. Rao et al. / Revista Brasileira de Farmacognosia 26 (2016) 657–664 663

El  Denshary, E.S., Al-Gahazali, M.A., Mannaa, F.A., Salem, H.A., Hassan, N.S.,
Abdel-Wahhab, M.A., 2012. Dietary honey and ginseng protect against carbon
tetrachloride-induced hepatonephrotoxicity in rats. Exp. Toxicol. Pathol. 64,
753–760.

Erejuwa, O., Sulaiman, S., Wahab, M.,  Sirajudeen, K., Salleh, M., Gurtu, S., 2012a.
Hepatoprotective effect of tualang honey supplementation in streptozotocin-
induced  diabetic rats. Int. J. Appl. Res. Nat. Prod. 4,  37–41.

Erejuwa, O., Sulaiman, S.,  Wahab, M., Sirajudeen, K., Salleh, M.M., Gurtu, S., 2010.
Antioxidant protection of Malaysian tualang honey in pancreas of normal and
streptozotocin-induced diabetic rats. Ann. Endocrinol., 291–296.

Erejuwa,  O.O., Sulaiman, S.A., Ab Wahab, M.S., 2012b. Honey – a novel antidiabetic
agent.  Int. J. Biol. Sci. 8,  913.

Escriche, I., Kadar, M.,  Juan-Borrás, M.,  Domenech, E., 2014. Suitability of antioxidant
capacity,  flavonoids and phenolic acids for floral authentication of  honey. Impact
of industrial thermal treatment. Food Chem. 142, 135–143.

Fauzi,  A.N., Norazmi, M.N., Yaacob, N.S., 2011. Tualang honey induces apoptosis and
disrupts the mitochondrial membrane potential of human breast and cervical
cancer  cell lines. Food Chem. Toxicol. 49, 871–878.

Fernandez-Cabezudo, M.J., El-Kharrag, R., Torab, F., Bashir, G., George, J.A., El-Taji,
H., Al-Ramadi, B.K., 2013. Intravenous administration of manuka honey inhibits
tumor growth and improves host survival when used in combination with
chemotherapy  in a melanoma mouse model. PLOS ONE 8, e55993.

Ferreira,  I.C., Aires, E., Barreira, J.C., Estevinho, L.M., 2009. Antioxidant activity of Por-
tuguese honey samples: different contributions of the entire honey and phenolic
extract.  Food Chem. 114, 1438–1443.

Flores, M.S.R., Escuredo, O., Seijo, M.C., 2015. Assessment of physicochemical and
antioxidant characteristics of Quercus pyrenaica honeydew honeys. Food Chem.
166, 101–106.

Ghashm, A.A., Othman, N.H., Khattak, M.N., Ismail, N.M., Saini, R., 2010. Antiprolifer-
ative  effect of Tualang honey on oral squamous cell carcinoma and osteosarcoma
cell  lines. BMC  Complement. Altern. Med. 10, 49.

Guerrini, A., Bruni, R., Maietti, S.,  Poli, F., Rossi, D., Paganetto, G., Muzzoli, M., Scal-
venzi, L., Sacchetti, G., 2009. Ecuadorian stingless bee (Meliponinae) honey: a
chemical and functional profile of an ancient health product. Food Chem. 114,
1413–1420.

Habib,  H.M., Al Meqbali, F.T., Kamal, H., Souka, U.D., Ibrahim, W.H., 2014. Bioactive
components,  antioxidant and DNA damage inhibitory activities of honeys from
arid regions. Food Chem. 153, 28–34.

Haffejee, I., Moosa, A., 1985. Honey in the treatment of infantile gastroenteritis. BMJ
290, 1866–1867.

Haron, M.N., Rahman, W.F.W.A., Sulaiman, S.A., Mohamed, M., 2014. Tualang honey
ameliorates restraint stress-induced impaired pregnancy outcomes in rats. Eur.
J. Integr. Med. 6, 657–663.

Hawley,  P., Hovan, A., McGahan, C.E., Saunders, D., 2014. A randomized placebo-
controlled  trial of manuka honey for radiation-induced oral mucositis. Support.
Care  Cancer 22, 751–761.

Henderson,  T., Nigam, P.S., Owusu-Apenten, R.K., 2015. A universally calibrated
microplate  ferric reducing antioxidant power (FRAP) assay for foods and appli-
cations to Manuka honey. Food Chem. 174, 119–123.

Jeffrey, A.E., Echazarreta, C.M., 1996. Medical uses of honey. Rev. Biomed. 7,  43–49.
Kassim, M.,  Achoui, M., Mustafa, M.R., Mohd, M.A., Yusoff, K.M., 2010. Ellagic acid,

phenolic acids, and flavonoids in Malaysian honey extracts demonstrate in vitro
anti-inflammatory activity. Nutr.  Res. 30, 650–659.

Khalil, M.I., Moniruzzaman, M.,  Boukraâ, L., Benhanifia, M., Islam, M.A., Islam, M.N.,
Sulaiman, S.A., Gan, S.H., 2012. Physicochemical and antioxidant properties of
Algerian honey. Molecules 17, 11199–11215.

Khalil, M.I., Tanvir, E., Afroz, R., Sulaiman, S.A., Gan, S.H., 2015. Cardioprotective
effects  of Tualang honey: amelioration of cholesterol and cardiac enzymes levels.
BioMed Res. Int., 2015.

Kishore,  R.K., Halim, A.S., Syazana, M.N., Sirajudeen, K., 2011. Tualang honey has
higher phenolic content and greater radical scavenging activity compared with
other honey sources. Nutr. Res. 31, 322–325.

Kustiawan, P.M., Puthong, S., Arung, E.T., Chanchao, C., 2014. In  vitro cytotoxicity of
Indonesian stingless bee products against human cancer cell lines. Asian Pac. J.
Trop. Biomed. 4, 549–556.

McGovern,  D., Abbas, S., Vivian, G., Dalton, H., 1999. Manuka honey against Heli-
cobacter  pylori. J. R.  Soc. Med. 92, 439.

Miorin, P., Levy Junior, N., Custodio, A., Bretz, W.,  Marcucci, M.,  2003. Antibacterial
activity  of honey and propolis from Apis mellifera and Tetragonisca angustula
against  Staphylococcus aureus. J. Appl. Microbiol. 95, 913–920.

Mohamed,  M.,  Sulaiman, S.A., Sirajudeen, K.N.S., 2013. Protective effect of honey
against cigarette smoke induced-impaired sexual behavior and fertility of male
rats. Toxicol. Ind. Health 29, 264–271.

Moniruzzaman, M.,  Khalil, M.,  Sulaiman, S., Gan, S.,  2012. Advances in the analytical
methods  for determining the antioxidant properties of honey: a  review. Afr. J.
Trad. Complement. Altern. Med. 9, 36–42.

Moniruzzaman, M., Khalil, M.I., Sulaiman, S.A., Gan, S.H., 2013. Physicochemical and
antioxidant properties of Malaysian honeys produced by Apis cerana, Apis dorsata
and  Apis mellifera. BMC  Complement. Altern. Med. 13, 43.

Moniruzzaman, M.,  Yung An, C.,  Rao, P.V., Hawlader, M.N.I., Azlan, S.A.B.M., Sulaiman,
S.A.,  Gan, S.H., 2014. Identification of phenolic acids and flavonoids in monofloral
honey from Bangladesh by high performance liquid chromatography: determi-
nation  of antioxidant capacity. BioMed Res. Int., 2014.

Mosavat, M.,  Ooi, F.K., Mohamed, M.,  2014. Effects of honey supplementation com-
bined with different jumping exercise intensities on bone mass, serum bone

metabolism markers and gonadotropins in female rats. BMC  Complement.
Altern.  Med. 14, 126.

Nasir,  N.-A.M., Halim, A.S., Singh, K.-K.B., Dorai, A.A., Haneef, M.-N.M., 2010. Antibac-
terial properties of Tualang honey and its effect in burn wound management: a
comparative  study. BMC  Complement. Altern. Med. 10, 31.

Nasuti,  C., Gabbianelli, R., Falcioni, G., Cantalamessa, F., 2006. Antioxidative and
gastroprotective activities of anti-inflammatory formulations derived from
chestnut honey in rats. Nutr. Res. 26, 130–137.

Othman, N.H., 2012. Honey and cancer: sustainable inverse relationship particu-
larly for developing nations – a  review. Evid-Based Complement. Altern. Med.,
2012.

Othman, Z., Zakaria, R., Hussain, N.H.N., Hassan, A., Shafin, N., Al-Rahbi, B., Ahmad,
A.H.,  2015. Potential role of honey in learning and memory. Med. Sci. 3,
3–15.

Patricia, V., 2002. Effect of stingless bee honey in selenite induced cataracts. Apiacta
3, 1–2.

Patricia, V., Deliza, R.,  Pérez, A., 2011. How a  Huottuja (Piaroa) community perceives
genuine and false honey from the Venezuelan Amazon, by free-choice profile
sensory  method. Rev. Bras. Farmacogn. 21, 786–792.

Patricia, V.,  Medina, M.,  Enriquez, M.E., 2004. Quality standards for medicinal uses
of Meliponinae honey in Guatemala, Mexico and Venezuela. Bee World 85, 2–5.

Patricia, V., Pedro, S.R., Roubik, D., 2013. Pot-honey: A Legacy of Stingless Bees.
Springer Science &  Business Media.

Patricia, V.,  Vargas, O., López, T., Valle, F.M., 2015a. Meliponini biodiversity and
medicinal uses of pot-honey from El Oro province in Ecuador. Emirates J.  Food
Agric. 27, 502–506.

Patricia, V., Zuccato, V., Uddin, J., Schievano, E.,  Maza, F., 2015b. Entomological origin
of honey discriminated by NMR  chloroform extracts in Ecuadorian honey. Int. J.
Biol.  Biomol. Agric. Food Biotechnol. Eng. 9, 4.

Pérez-Pérez, E., Vit, P.,  Huq, F., 2013. Flavonoids and polyphenols in studies of honey
antioxidant activity. Int. J. Med. Plant Altern. Med. 1,  063–072.

Rajabzadeh,  A., Sagha, M.,  Gholami, M.R.,  Hemmati, R., 2015a. Honey and vitamin
E restore the plasma level of gonadal hormones and improve the fertilization
capacity  in noise-stressed rats. Crescent J.  Med. Biol. Sci., 2.

Rajabzadeh,  A., Saki, G., Khodadadi, A., Sarkaki, A., Jafai, A., Hemadi, M.,  2015b. A
survey of  the relationship between noised pollution, honey and vitamin E  and
plasma  level of blood sexual hormones in noise-exposed rats. Jentashapir J.
Health Res., 6.

Ramanauskiene, K., Stelmakiene, A., Briedis, V., Ivanauskas, L., Jakštas,  V., 2012. The
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