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Biological applications of honeys produced by Apis mellifera
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ABSTRACT

Honey is a natural product with many attributes that are useful for humans. The consumption of honey is increasing because of its 
benefi cial biological properties, including antioxidant and antibacterial activities. Even though honey is produced worldwide, many 
variants of this product have not been studied and their biological potential for alternative uses has not been evaluated. Because of 
its varied endemic native fl ora, Chile produces several types of honey. It is likely that these apian products have important biological 
properties inherited from specifi c fl oral sources, but it is absolutely necessary to conduct further chemical analyses to identify and 
characterize these biological attributes. Sadly, the potential antimicrobial and antitumor activities of Chilean honeys remain unproven at the 
present time. Further studies are needed to identify these attributes. In addition, the impact of human activities on the natural production 
of honey by bees should be considered. The use of honey as an environmental marker of pollution should also be considered, and care must 
be taken to diminish the eff ect of industry and human procedures on natural environments
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INTRODUCTION

Honey has been defi ned as a natural sweet mixture produced 
by honeybees from the nectar of flowers or from living 
parts of plants. Bees combine this mixture with substances 
of their own and the mixture is deposited, dehydrated and 
stored in the honeycomb for further use (Codex Stan 12-
1981/2001). Honey is the best-characterized apian product, 
due to its nutritional value and the fact that it is a natural 
food (Gheldof and Engeseth, 2002). Honey is composed of 
several carbohydrates, especially fructose and glucose (85 to 
95% of total sugars). Glucose has a lower degree of solubility 
than fructose and the ratio of glucose to fructose determines 
the liquid state of a given honey. Other types of sugar can be 
present due to the union of two or more molecules of fructose 
or glucose to form polysaccharides (Ojeda de Rodríguez et 
al., 2004). Additionally, other substances are present in honey 
such as organic acids, amino acids, proteins, enzymes, lipids, 
fl avonoids and vitamins that are responsible for its biological 
properties (including antioxidant and antibiotic activities) 
(Mendes et al., 1998; González et al., 2000; Terrab et al., 2002; 
Meda et al., 2005; Finola et al., 2007).

Melissopalynological analyses are used to establish 
whether a honey is unifl oral. Unifl oral honey has a higher 
market price because at least 45% of the pollen grains in its 
solids are from one plant species (Montenegro et al., 1992; 
2005; 2008a). Thus the quality of a honey depends on the 
presence and concentration of specifi c compounds and the 
botanical origin classifi cation (Montenegro et al., 2003; 2006; 
2008b). Honey can have characteristics of the pollen grains, 
nectar and plants that were visited by the bees and used to 
make the honey. Thus the biological properties of honey are 
related to the plant species and its attributes (NCh 298. Of 
2005). Antioxidant activity is one such biological property 
of honey. The presence of enzymatic antioxidants (glucose 

oxidase, catalase) and non-enzymatic antioxidants (fl avonoids, 
ascorbic acid and phenolic acids) has been detected in many 
honeys (Aljadi and Kamaruddin, 2004; Marguitas et al., 2009). 
Antibacterial properties have also been described for honeys 
produced in diff erent places. The antimicrobial activity of 
honey is due to several parameters, including osmolarity, pH 
and the production of H2O2 and other chemical compounds. 
In addition, diff erences among honeys may be attributed to 
geographical origin, harvesting season, storage conditions and 
the botanical sources that are responsible for these biological 
activities (Sherlock et al., 2010). In this review we aim to 
illustrate the current advances in research related to honey and 
its natural properties and discuss important applications and 
uses of this product in biotechnology, medicine and food and 
environmental studies.

NATURAL ANTIBIOTIC

Several unifl oral honeys produced around the world have 
a wide spectrum of antibacterial properties against human 
microbiological pathogens. Manuka honey produced from the 
tree Leptospermum scoparium is known to have some of the most 
eff ective natural antibiotic eff ects against approximately 60 
species of bacteria, including aerobes and anaerobes and Gram 
positives and Gram negatives. This powerful inhibitory eff ect 
of Manuka honey is related to the increased osmolarity, high 
acidity and high methylglyoxal (MGO) content of the honey 
(Mandal and Mandal 2011).
Visavadia et al. (2008) showed that Manuka honey has 
important antibacterial properties that can be used in patients 
with injuries infected with methicillin-resistant Staphylococcus 
aureus. Similarly, in vitro assays showed that honey from 
Ireland decreased the presence of this strain of bacteria (Maeda 
et al; 2008). Similar in vitro studies conducted with Manuka 
and Sidr honey have shown that dilutions of these samples 
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were able to limit the growth of strains of Staphylococcus aureus 
and Pseudomonas aeruginosa (Alandejani et al; 2009). Chemical 
analyses of several Manuka honeys identifi ed three major 
constituents that appear to be responsible for the described 
biological activities of these honeys: phenyllactic acid, methyl 
syringate and a methoxylated benzoic acid. The amount of 
each compound may be modifi ed after heating. In addition, 
the methoxylated compounds in Manuka honey diff er with the 
age of the honey (Stephens et al., 2010).

The antimicrobial properties of honeys have also been related 
to the presence of other chemical compounds such as fl avonoids 
and phenolics. One of the strategies for inhibiting the growth of 
bacteria in food is to prevent the interaction between the bacteria 
and the food matrix, decreasing food spoilage. An analysis of 
twenty nine unifl oral samples of European honeys showed an 
interesting correlation between antibacterial properties and the 
ability of the honey to inhibit quorum sensing (QS) (or the cell-
to-cell communication) of the bacteria. In this case, however, 
total phenolic compounds were not directly related to this ability 
to reduce spoilage (Truchado et al., 2009).

Despite the important differences in the botanical 
composition and thus the chemical profi les of many unifl oral 
honeys, several authors have concluded that the antibacterial 
performance of honey is associated with the phenolic content 
of the honey. The biological properties of fi fty samples of 
Rhododendron honey produced in the Black Sea region of 
Turkey were studied. The antibacterial activity of the honey 
was found to be partially correlated with the phenolic 
content of each analyzed sample. However, even when the 
selected honeys belonged to the same unifl oral species, the 
phenolic content was strongly aff ected by the fi nal percentage 
of Rhododendron in the total floral residual composition. 
In addition, the geographical origin and the climatic 
characteristics of the region played an important role that may 
have aff ected the effi  ciency of the phenolic compounds against 
bacteria. This fi nding could explain the diff erences in these 
honeys (Silici et al., 2010).

Although the best-characterized honeys around the world 
are unifl oral samples, multifl oral honeys have also been found 
to have important biological activities. In Argentina (one of 
the most important producers of honey in the world), studies 
have aimed to analyze the attributes of both unifl oral and 
multifl oral honeys. The antibiotic properties of several honeys 
against human pathogenic bacteria such as Staphylococcus 
aureus, Enterococcus faecalis, Pseudomona aeruginosa, Escherichia 
coli, Morganella morganii and Klebsiella pneumonia were studied. 
In every assay, it was possible to identify a group of unifl oral 
and multifl oral honeys with important antibacterial properties. 
In both cases, the antibacterial properties were correlated with 
the total phenolic content of the honey (Isla et al., 2011).

In Chile, several studies have identified the botanical 
origins of native Chilean honeys and their physical-chemical 
attributes, which are essential for characterizing the biological 
properties of the honey.

In the case of Ulmo (Eucryphia cordifolia)  honey, 
approximately 20 peaks appeared in chromatographic studies 
and 10 of them have been identifi ed. The peaks that appeared 
most frequently corresponded to caff eic, chlorogenic, salicylic 
and p-coumaric acids (this last compound was found at very 
low concentrations) and esculetin, escopoletin and quercetin 
fl avonoids (this last compound was also found at very low 
concentrations) (Muñoz et al., 2007).

Other studies of Quillay honey have shown a relationship 
between the content of phenolic compounds and the 
antioxidant and antibacterial activities of the honey. Quillay 
honey had higher levels of antioxidant activity than other 
Chilean unifl oral honeys. The concentrations of polyphenols 
were measured according to the total content determined by 
the Folin-Ciocalteau method in the chromatograms of this 
honey obtained by HPLC; approximately 40 peaks appeared 
(each corresponding to a different compound) but fewer 
than 15 have been eff ectively identifi ed. The most commonly 
appearing compounds were phenolic acids (chlorogenic, 
ferulic, gallic and salicylic acids) and flavonoids such as 
kaempferol, naringenine and rutine (Montenegro et al. 2006; 
Muñoz et al; 2007).

The most recent study of the biological properties of 
Chilean honeys showed that the presence of other species in 
the total botanical content of honey plays an important role in 
the modulation of its biological properties. In particular, the 
chemical composition and antibacterial capabilities of Ulmo 
honey (Eucryphia cordifolia), Quillay honey (Quillaja saponaria), 
Avellano honey (Gevuina avellana) and Tiaca honey (Caldcluvia 
paniculata) were analyzed; the methanolic extract of these 
honeys had better antibacterial capabilities than the honeys 
themselves. In in vitro assays, all of the obtained extracts 
were able to inhibit the growth of Escherichia coli, Pseudomonas 
aeruginosa, Staphylococcus aureus and Streptococcus pyogenes 
(Montenegro et al., 2013).

As mentioned previously, phenolic compounds are 
determined by botanical origin and the diff erences in unifl oral 
honeys are mainly determined by geographical conditions. 
Estevinho et al. (2008) analyzed the ethanol extracts from 
two unifl oral honeys produced in Portugal and found that 
phenolic compounds were responsible for the antibacterial 
and antioxidant properties of those honeys; however, the 
differences in biological activity (and therefore phenolic 
profi les) of the extracts could be explained by the diff erent 
geographical places of origin.

Honeys with antibacterial activity could be used as an 
alternative treatment against multi-drug resistant pathogens. 
Arabian honeys such as Acacia honey have shown eff ectiveness 
against the following bacteria isolated from humans: Escherichia 
coli, Staphylococcus aureus, Bacillus subtillis, Pseudomona aeruginosa, 
Klebsiella pneumonia, Salmonella typhimurum, Micrococcus luteus, 
Staphylococcus epidermidis, Bacillus cereus, Aspergillus nidulans, 
Serratia marcescens and Enterobacter aerogene. Another advantage 
of honey is that a low dose is required for antibacterial eff ect. 
In addition, the natural origin of this apian product reduces the 
chances of a cross reaction with undesirable eff ects in the patient 
receiving these alternative treatments for bacterial diseases (Al-
Waili et al., 2013).

NATURAL ANTIOXIDANT

One of the best-characterized natural attributes of honey is 
its antioxidant property. As mentioned previously, honeys 
contain several bioactive compounds such as enzymes, organic 
acids, carotenoids and phenols. The chemical composition and 
antioxidant capabilities of the honey are directly related to the 
fl oral sources, environmental conditions and the post-harvest 
processing. In addition, the intensity of the color of a honey 
may be associated with the antioxidant strength of the honey. 
The phenolic, fl avonoid and carotenoid content is increased 
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in darker honeys and reduced in lighter more transparent 
honeys. As a result, biological properties (such as antioxidant 
activities and antibacterial capabilities) of the honey are 
related to its color, and darker honeys tend to have enhanced 
properties (Álvarez- Suárez et al., 2010). A comparison 
study carried out with 24 samples of Romanian honeys with 
diff erent botanical origins showed a direct correlation between 
the antioxidant activity and the concentration of phenols 
in the samples. Honeydew honey had the best antioxidant 
performance and the highest concentrations of total phenols 
and total fl avonoids. It is important to note that every studied 
sample had some degree of antioxidant capability; however, in 
all cases, the honeys with greater amounts of these molecules 
had the highest activities (Liviu Al et al., 2009). In a similar 
study, three unifl oral honeys from northeastern Portugal had 
good antioxidant activities that diff ered with the phenolic 
extract measured in the honey after processing. This result 
suggests that even if a good extraction procedure for phenolic 
compounds is used, other molecules remain in the honey that 
could act as complements of phenolic compounds and thereby 
improve the antioxidant activity of the honey. This would 
explain why the extracts have lower antioxidant capabilities 
than the original honey (Ferreira et al., 2009).
It is important to emphasize that the antioxidant activity 
may be determined more by protein content than by phenolic 
compounds. In India, the physical-chemical characteristics 
and antioxidant activities of seven honeys obtained from 
a supermarket were characterized. The samples had a 
wide range of antioxidant activities but there was no clear 
correlation between this attribute and the total phenolic 
content of the honey. In contrast, the protein content and 
the concentration of proline were found to be statistically 
signifi cantly correlated with the antioxidant properties of the 
honey (Saxena et al., 2010).

Similar studies have characterized honeys from a specifi c 
country or region. The differences among the samples of 
honey were found to be determined by two principal aspects: 
the composition and percentage of fl oral residues and the 
amount of bioactive phenolic compounds. This latter fi nding 
is remarkable, because after comparing two diff erent samples 
of honey with similar total phenolic contents, significant 
diff erences were found in the antioxidant activities associated 
with the nature of each phenolic profi le. Therefore, to assess 
this biological property accurately a complete antioxidant assay 
after phenolic quantifi cation is necessary (Lachman et al., 2010).

Recently, the increasing use of honey around the world 
has produced interest in characterizing the quality of a honey 
by identifying and quantifying these bioactive molecules. The 
organoleptic properties of a given honey are determined by the 
ratio of these molecules. It is therefore important to analyze 
both parameters to produce a tasty honey with desirable 
biological properties. In addition, these molecules may be 
used as markers of the geographical origin of the honey 
(Alqarni et al., 2013). It is therefore necessary to improve the 
analysis of these phenolic compounds by chromatographic 
analysis or an equivalent technique. Quillay honey is a 
Chilean honey with potent antioxidant activities inherited 
from a variety of vegetable species. The identification of 
gallic acid and salicylic acid in eight samples of unifl oral 
Quillay honey by capillary electrophoresis with diode array 
detector (CE-DAD) enabled the establishment of a reference 
profi le of these compounds with a similar ratio in all the 

studied samples. The same compounds were also detected 
in nectar from the flowers of Quillaja saponaria and from 
the ethanolic extraction of the honey sac from the beehives 
where the honeys were produced. These data resulted in an 
important advance in the characterization of the phenolic 
profi le of a native Chilean honey with antioxidant activity 
(Mejias et al., 2012). In contrast, the phenolic profi le of Jandaíra 
(Melipona subnitida) honey produced by the stingless bee 
Melipona subnitida was analyzed by HPLC-DAD. This honey 
is produced in northeastern Brazil and widely used for its 
medicinal properties even though it is not included in the 
International Standard for Honey (Codex Stan 12-1981/2001). 
The analysis of the phenolic profi les of nine samples of this 
honey showed that the flavonoids naringenin, quercetin, 
and isorhamnetin were regularly present. In addition, gallic, 
vanillic, 3,4-dihydroxybenzoic and cumaric acids were 
detected (Sarmento Silva et al. 2013). In both Quillay honey 
and Jandaíra honey, the chemical identifi cation of phenolic 
compounds associated with the biological activities of the 
honey is a useful tool; in addition, this type of analysis may 
help certify the geographical origin of honeys.

BIOINDICATOR OF ENVIRONMENTAL POLLUTION

Honeys can inherit the attributes of the fl oral sources responsible 
for their botanical origin (NCh 298. Of2005). For this reason, 
it is possible to detect certain undesirable compounds and/
or residual molecules from diff erent human activities. These 
pollutants can be deposited onto the surfaces of melliferous 
plants and fl owers, especially in the case of plants growing near 
industries, highways or volcanoes (Mejias et al., 2009).

Metals are listed among the pollutant residues that can be 
detected in the fi nal composition of honeys. They can be toxic 
for human beings if found at levels over the permitted limits 
(AAFCO, 1996)

Some studies have sought to establish the relationship 
between the metal content and the biological properties of 
honey (Baroni et al., 2009; Pohl, 2009). Early results were 
obtained by Jones (1987) who analyzed honeys produced in 
the United Kingdom. The aim of this work was to determine 
if any of these honeys could be used as a bioindicator of 
environmental pollution. Honey samples and soil samples 
from where the beehives were located were processed by wet 
digestion and analyzed by atomic absorption spectroscopy 
(AAS). This fi rst approach did not detect a strong correlation 
between the pollutants in honey and the pollutants in the 
soils. However, because metals are present in very low 
concentrations in the honeys, this analytical procedure may 
not have been appropriate, as any loss of sample during the 
analysis may have an important eff ect on the fi nal results.

Przybylowski and Wilczynska (2001) examined honeys 
with different botanical origins produced in Poland to 
establish a connection between quality parameters (such as 
pH, glucose/fructose ratio, humidity, electric conductivity, 
amount of hydroxymethylfurfural (HMF) and the presence 
of cadmium, lead and zinc) and metals. The analytical 
methodology used in this study was based on the proposal 
of the Association of Analytical Communities (AOAC) 
International (970.20; 2000). However, these authors did not 
fi nd a clear association between metals and the parameters 
assessed. Nevertheless, the low presence of cadmium and 
lead in honeys from the same geographical origin allowed 
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the authors to deduce that a certain degree of environmental 
pollution had occurred in that region.

In another study, the metal contents of 81 honeys from 
the Canary Islands were studied. The data from these honeys 
were compared with data obtained from 35 samples of honey 
from other regions of Europe. The concentrations of alkali and 
alkali earth metals in these honeys were found to be at the 
same level as those of honeys produced in Spain. As a result, 
the author concluded that chemical determinations would be 
useful for the certifi cation of the geographical origin of honeys. 
In addition, chemical analyses would constitute an important 
tool for determining the presence of environmental pollution 
(Hernández et al. 2005).

A similar trend was found in an analysis of different 
samples of avocado honey from Spain. In this study, the 
metal content in honeys allowed the authors to identify the 
geographical origins of the samples. Unfortunately, these 
studies were restricted to unifl oral honeys. In addition, it is 
necessary to analyze a large number of samples of the same 
honey to identify its chemical profi le. The association between 
the botanical origin and metal content of honey remains 
unclear (Terrab et al. 2005). Fredes and Montenegro (2006) 
studied the potential correlation between botanical origins and 
metal contents in Chilean honeys produced throughout the 
country. After several analyses, the metal contents of honeys 
with similar botanical origins had an increased deviation. 
Thus, even if the metal content of honey was a marker of 
pollution in the environment, it was not able to determine the 
botanical origin of the honey. Instead, it would be interesting 
to determine how metallic elements modify the natural 
properties or attributes of a given honey.

Some authors have tried to detect the changes in the 
natural antibacterial activity of honeys caused by metals. 
The metallic composition and the eff ect on the antibacterial 
activities of a group of honeys produced in Turkey were 
analyzed. The microbiological assays showed that honeys 
with higher metallic contents had more potent antibacterial 
properties. In all of the studied samples, the presence of metals 
did not exceed the permitted limits of the relevant elements in 
honeys and food (Küçük et al. 2007).

Recently, the eff ect of metals on the antioxidant properties 
of honeys produced near the Llaima Volcano was analyzed. 
Samples of Lotus uliginosus honey were studied to identify 
the presence of copper (Cu), magnesium (Mg), zinc (Zn), 
iron (Fe), cadmium (Cd), chromium (Cr) and lead (Pb). 
Subsequently, the antioxidant activities of the selected honeys 
were measured. In this study, the levels of Cu, Mg and Fe 
were higher in the Llaima samples than in the control samples. 
Similarly, the honeys with the highest metal content had the 
lowest levels of antioxidant activity. A negative correlation 
between the concentration of each element and the antioxidant 
parameters confi rmed the eff ect of the metals on the natural 
antioxidant properties of the honeys. The most important 
contribution of this study was to establish an indirect way 
to assess the impact of polluted environments on natural 
products produced or processed near the source of pollution 
(Mejias and Montenegro, 2012).

SUMMARY

Honey is a natural product with many attributes useful for 
human beings. Nowadays, the consumption of honey is 

increasing due to its described biological properties such as 
antioxidant and antibacterial activities. However, honey is 
produced around the world and there still are many samples 
of this product that have not been studied or characterized in 
terms of their biological potential or alternative uses.

Chile produces several kinds of honey, owing to the 
presence of a diverse endemic native fl ora. These bee products 
appear to have important biological properties inherited 
from specifi c fl oral sources, but further chemical analyses 
directed to determine the presence of biological attributes are 
absolutely necessary. Sadly, many potential eff ects against 
bacteria, fungi or antitumor or antiviral activities remain 
unknown at the present time. Further studies may reveal those 
attributes in the future.

Another fact to be considered is the human activities that 
may aff ect the natural production of honey by bees. Despite 
the limited usefulness of honeys as environmental markers of 
pollution, they warn that industrial and human procedures 
should aim to decrease their impact on natural environments.
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