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Abstract 

The biological activity of important honey, one of the most characteristics, which distinguishes it from other natural 
products and makes it important for the medical and therapeutic field. Its potential health benefits can be influenced 
both by its composition, which varies between different types of honey, and by the bioavailability of various 
phytochemical components and how they are absorbed and metabolized. It was found that a series of compounds 
contained in honey such as phenolic compounds, especially flavonoids, have an inhibitory effect against a wide 
spectrum of bacterial species, Gram-positive (G+) and Gram-negative (G-), but also an important  antifungal and 
antiviral action. These important properties of honey are due both to the quality of the polyphenols contained, which 
is more important than their quantity, but also to the high osmolarity, acidity, H2O2 content and the composition of 
non-peroxidic components. 
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1. Introduction  
 
Beekeeping has seen increasing interest in recent 
years, both as a science and as an art, due to the 
many advantages related to bee products. 
Throughout history, people have widely consumed 
honey, the benefits of this product being 
recognized and recorded in the ancient world, in 
India, Egypt and Greece, it being used both as a 
food and for therapeutic purposes, in the treatment 
of various ailments [1]. Honey is a miraculous 
product of nature, due to its content in important 
bioactive compounds, such as polyphenols. 
Despite their variability in the chemical 
composition of honey, the most important 
polyphenols are flavonoids, such as apigenin, 
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quercetin, chrysin, luteolin, kaempferol, galangin, 
genistein, pinobanksin and pinocembrin, and 
phenolic acids represented by gallic acid, 
chlorogenic acid, syringic acid , p-coumaric acid, 
caffeic acid, vanillic acid and p-hydroxybenzoic 
acid [2], respectively vitamins (vitamin C), 
enzymes, sugars and, to a lesser extent, volatile 
compounds. These compounds show important 
medical benefits such as anti-inflammatory action 
[3], antioxidant [4], antimicrobial, prebiotic [5; 6] 
and immunostimulators [7]. It has been observed 
that the quality of honey and its therapeutic 
properties depend on its chemical composition 
which, in turn, is dependent on the geographical 
area, the floristic composition, the season, 
environmental factors but also the beekeepers' 
practices such as processing methods, handling 
and storage conditions. Currently, a number of 
compounds present in honey, especially 
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polyphenols, are of particular interest for medical 
and food research, mainly due to their functional 
properties. In addition to being considered to be 
strong agents of peroxide radicals, mainly due to 
the presence of high mobility of hydrogens in their 
molecular structures [8], polyphenols are both 
effective immune modulators, but it also exhibits 
important antibacterial, antifungal, antiviral and 
antiprotozoal properties [8-11]. Numerous studies 
point to the fact that honey, particularly Manuka 
honey, exhibits significant antibacterial and 
antibiofilm activity against a wide range of Gram-
positive and Gram-negative bacteria, including; 
Streptococcus pyogenes, Mycobacterium, 
Escherichia coli, Pseudomonas aeruginosa, 
Salmonella typhi, Salmonella paratyphi, 
Salmonella enterocolitis, Shigella dysenteriae, 
Pseudomonas aeruginosa, Mycobacterium 
tuberculosis, Staphylococcus acuptococcus, 
Streptococcus, Methicillin-resistant Streptococcus 
acuptococcus [12-18]. The strong antibacterial 
properties of honey are related to its high 
osmolarity, acidity, content in H2O2 and 
composition of non-peroxidic components [19]. 
On the other hand, the antibacterial capacity of 
honey is also linked to an improvement of the 
intestinal microbial balance due to the large 
number of contained oligosaccharides, which 
function as a substrate for the growth of prebiotic 
microorganisms, especially of the genera 
Lactobacillus and Bifidobacterium [20]. Also, 
numerous studies have highlighted the antiviral 
action of honey. Shahzad, A., [21] evaluated in 
vitro, the effect of Manuka honey and clover 
honey on varicella-zoster virus-infected human 
malignant melanoma (MeWo) cells, and the 
results showed reduction of viral plaques under 
treatment with both types of honey. A similar 
study revealed the anti-HIV-1 RT activity of 
Manuka honey, an effect that was associated with 
its constituents, 2-methoxybenzoic acid (2-MBA) 
and methylglyoxal (MGO), which inhibited HIV-1 
RT activity in a dose-dependent manner [22]. In 
addition, studies have shown that honey also has 
an important antifungal activity against Candida 
infection (Candida albicans, Candida glabrata, 
Candida dubliniensis, Candida tropicalis, 
Candida krusei and Candida parapsilosis) and 
Rhodotorula sp. [23,24]. Research by Guttentag, 
A. et al., [25] indicated that jarrah honey has 
unique antifungal attributes, inhibiting and killing 
dermatophyte infection, making it a potentially 

promising candidate for the treatment of tinea 
[25]. 
Currently, the installation of the antibiotic 
resistance process requires the investigation of 
effective therapeutic solutions, regarding the 
action of some microorganisms. For these reasons, 
worldwide, there is a major concern of researchers 
and industry, regarding the use of the therapeutic 
potential of natural compounds, implicitly those 
found in different types of honey, for the 
development of effective treatment schemes, 
without adverse effects, cheap and ecological. 
 
 
2. Antibacterial, antifungal and antiviral 
activity of honey 
Currently, worldwide, antibiotic resistance is a 
serious problem, this aspect determining the need 
to search for new, natural antimicrobial 
compounds [26,27]. Numerous in vitro studies 
have shown the antimicrobial activity of different 
types of honey against a wide range of skin-
colonizing bacteria and food-borne bacterial 
species, including antibiotic-resistant bacteria [28-
30]. Also, in vivo studies have demonstrated that 
honey has beneficial actions against wound 
infections [31] so that the practice of using honey 
in the treatment of wounds is gaining popularity in 
modern medicine, as a result of its function its 
antimicrobial properties [32]. Moreover, certain 
types of honey exhibit broad-spectrum 
antimicrobial activity, having an important role 
against antibiotic-resistant bacterial pathogens 
[33-36]. Floral sources are responsible for 
differences in the type and level of antimicrobial 
activity [37,38]. Julie, I., et al., [39] found that 
honey has clinical potential and exhibits a wide 
range of antibacterial activities with possible 
therapeutic uses. The antibacterial action was 
mainly due to the hydrogen peroxide formed by 
the enzyme glucose-oxidase, secreted by the bees. 
The antibacterial activity of honey is largely 
dependent on its peroxidic activity and 
nonperoxidic mechanisms [40]. There is evidence 
that honey had broad-spectrum activity against 
gram-positive and gram-negative bacteria [41]. 
Honey is a natural product used for its anti-fungal 
properties, and this activity is influenced by many 
factors. Honey varieties from different phyto-
geographical areas have been found to vary in 
their ability to inhibit the growth of fungal yeasts, 
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suggesting that the botanical origin of honey 
varieties influences fungal activity.  
Flavonoids such as chrysin and kaempferol, 
present in different types of honey [42], are very 
active in inhibiting the replication of several 
herpes viruses, adenoviruses and rotaviruses [43]. 
A series of studies showed that quercetin and rutin 
exerted antiviral activity against HSV (Herpes 
Simplex Virus), syncytial virus, poliovirus and 
Sindbis virus [44]. These compounds exert their 
action by inhibiting viral polymerase and binding 
to viral nucleic acids or viral capsid proteins [44]. 
Also, Chen S, et al., [45] demonstrated the 
involvement of honey flavonoids, such as chrysin, 
acacetin, and apigenin, in inhibiting the activation 
of latent human immunodeficiency virus-1 (HIV-
1) through a mechanism that likely includes 
inhibition of viral transcription. 
 
 
3. The mechanism of antimicrobial activity of 
honey 
The antimicrobial activity of honey is an 
extremely complex process, determined by many 
of its physico-chemical properties [46,13], such as 
low pH, high osmolarity, hydrogen peroxide 
[47,48], defensin – 1 and polyphenols [29]. Most 
often honey is acidic (pH below 7), the pH of 
flower honey varying between 3.03 and 5.5 – 6.0 
[49,50], depending on the botanical source, nectar 
pH, soil or plant association, and the concentration 
of various acids and minerals such as calcium, 
sodium, potassium, and other ash constituents. In 
general, the lower the pH value of honey, the 
higher the activity of inhibiting the activity of 
microorganisms [13]. 
The high concentration of sugars (approximately 
80% of the weight of this product) is an important 
factor in the elimination of microorganisms, 
mainly bacteria sensitive to high osmotic pressure 
Defensin-1, a peptide secreted by the 
hypopharyngeal glands of bees, exhibits activity 
against Gram-positive bacteria, including 
Staphylococcus aureus, Bacillus subtilis, and 
Paenibacillus. This protein could be used to treat 
infections and in the development of new drugs 
that could fight antibiotic-resistant bacteria [51]. 
Another constituent of honey, with a strong 
antibacterial effect, is the glucose-oxidase 
enzyme, the oxidoreductase that catalyzes the 
oxidation of glucose into gluconic acid. The 
byproduct of this reaction, hydrogen peroxide 

(H2O2), is a powerful antimicrobial agent. The 
concentration of hydrogen peroxide varies, 
however, depending on the floral source and 
geographical area [52], respectively environmental 
conditions, and these differences are reflected in 
the value of the minimum inhibitory concentration 
(MIC) required for to inhibit various bacteria 
(<3% - ≥ 50%) [53]. Recent studies [54] have 
shown that H2O2 is the main compound involved 
in conferring the antibacterial effect of European 
honey. However, some studies showed that the 
level of H2O2 in different types of honey did not 
directly correlate with antibacterial activity [51]. 
More importantly, through the degradation of 
H2O2 in various honeys, hydroxyl radicals are 
generated, involved in the generation of oxidative 
stress in bacterial cells [55]. In addition, the 
phenolic compounds or polyphenols in the 
structure of honey can contribute to its 
antimicrobial activity [56]. They represent a 
chemically heterogeneous group, containing 
approximately 10,000 compounds, which include 
phenolic acids and flavonoids, secondary 
metabolites, derived from plants [57]. Phenolic 
compounds such as quercetin, caffeic acids, 
caffeic acid phenethyl ester (CAPE), acacetin, 
kaempherol, galangin, chrysina, pinocembrin, 
pinobanksin apigenin have been detected in 
honey, which have a promising effect in the 
treatment of chronic diseases [58]. Phenolic 
compounds have an antioxidant effect, acting by 
eliminating free radicals and inhibiting lipid 
oxidation [59], but many researches have 
demonstrated that they are also responsible for the 
antimicrobial properties of honey. Through the 
hydrolysis of H2O2, oxygen is generated, which 
can accelerate the auto-oxidation process of 
polyphenols in honey. These, in turn, becoming 
pro-oxidant agents, can lead to the generation of 
other H2O2 molecules, which, in the presence of 
transition metals, can generate hydroxyl radicals 
[60]. In this way, polyphenolic compounds can 
significantly contribute to the modulation of 
honey's antibacterial effects. However, the 
observed differences could also be caused by 
differences in the activity or concentration of 
glucose oxidase or the concentration in defensin-1, 
an aspect that has not been investigated so far. The 
results of these studies also revealed that the 
concentrations of individual constituents are too 
low to contribute substantially to the antimicrobial 
activity of the product. It is possible, however, that 
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a combination of different ingredients, for 
example, phenolic compounds, could contribute 
significantly to the activity of honey [61]. A fairly 
satisfactory activity of the composition of 
phenolic compounds extracted from several types 
of honey, Malaysian and Polish, was observed by 

Aljadi and Yusoff [62], respectively by Mazol et 
al. [63]. 
 
 
 
 
 

 
 

 
Figure 1. Glucose oxidase catalysis reaction – generation of hydrogen peroxide [64] 

 
 
Interesting results in this field were presented by 
Mundo et al [65], who observed a non-peroxide 
activity against Bacillus stearothermopnilus in 
most of the 27 honey samples diluted in water 
containing catalase (the enzyme that degrades 
hydrogen peroxide). In contrast to Bacillus, 
neutralization of H2O2 with catalase resulted in 
loss of activity against S. aureus in all honey 
samples tested. This result could suggest the 
presence of non-protein components in these types 
of honey, which were responsible for the 
inhibition of Bacillus growth in honey suspensions 
not containing hydrogen peroxide [65]. The 
presence of antimicrobial components 
(combination of cationic and non-cationic 
substances) other than methylglyoxal, glucose 
oxidase and defensin-1 in Manuka honey was 
confirmed in studies by Kwakman et al [29]. 
 
4. Conclusions 
 
Numerous in vitro and in vivo studies have 
demonstrated that some compounds contained in 
honey such as methylglyoxal, glucose oxidase and 
defensin-1 show important antimicrobial activity. 
Thanks to these compounds, honey can be used in 
the antibacterial prophylaxis of numerous bacterial 
species such as Streptococcus pyogenes, 
Mycobacterium, Escherichia coli, Pseudomonas 
aeruginosa, Salmonella typhi, Salmonella 

paratyphi, Salmonella enterocolitis, Shigella 
dysenteriae, Pseudomonas aeruginosa, 
Mycobacterium tuberculosis, Staphylococcus 
acuptococcus, Streptococcus aureus , 
Streptococcus acuptococcus Staphylococcus 
aureus, Bacillus subtilis, and Paenibacillus. In the 
pus, a number of other compounds such as 
chrysin, kaempferol, quercetin and rutin, present 
in different types of honey exert an important 
antiviral activity, by inhibiting the replication of 
several herpes viruses, adenoviruses and 
rotaviruses, by inhibiting viral polymerase and 
binding to nucleic acids viral or viral capsid 
proteins. The antimicrobial activities of honey 
against certain types of microorganisms, as well as 
its antibiofilm activity, mechanism of action, 
chemical composition and clinical indications, 
remain largely unknown, which encourages the 
development of clinical trials targeting the use of 
honey-based products as therapy complementary. 
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