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The aim of this review is to describe the chemical characteristics of compounds present in honey, their
stability when heated or stored for long periods of time and the parameters of identity and quality.
Therefore, the chemical characteristics of these compounds were examined, such as sugars, proteins,
amino acids, enzymes, organic acids, vitamins, minerals, phenolic and volatile compounds present in
honey. The stability of these compounds in relation to the chemical reactions that occur by heating or
prolonged storage were also discussed, with increased understanding of the behavior regarding the com-
mon processing of honey that may compromise its quality. In addition, the identity and quality standards
were described, such as sugars, moisture, acidity, ash and electrical conductivity, color, 5-HMF and dias-
tase activity, along with the minimum and maximum limits established by the Codex Alimentarius.
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1. Introduction

Honey is a natural food, mainly composed of sugars and other
constituents such as enzymes, amino acids, organic acids, carote-
noids, vitamins, minerals, and aromatic substances. It is rich in fla-
vonoids and phenolic acids that exhibit a wide range of biological
effects and act as natural antioxidants (Alqarni, Owayss, &
Mahmoud, 2012). The composition, color, aroma and flavor of
honey depend mainly on the flowers, geographical regions, climate
and honeybee species involved in its production, and are also
affected by weather conditions, processing, manipulation, packag-
ing and storage time (Escuredo, Dobre, Fernández-González, &
Seijo, 2014; Tornuk et al., 2013).

Moreover, honey is a food that undergoes many changes in its
composition during storage. Thus, these are expected changes that
usually occur due to different chemical reactions, including fer-
mentation, oxidation and thermal processing, thereby modifying
honey constituents (Moreira, Maria, Pietroluongo, & Trugo, 2010).
For example, 5-hydroxymethylfurfural (5-HMF), which is a Mail-
lard reaction product, can be formed when honey is submitted to
heat treatment or a long storage time (Tornuk et al., 2013), becom-
ing volatile and toxic, depending on its concentration. In addition,
5-HMF can also be formed by the dehydration of sugars in an acidic
environment, such as honey (Barra, Ponce-Díaz, & Venegas-
Gallegos, 2010; Castro-Vázquez, Díaz-Maroto, & Pérez-Coello,
2007; Wang, Juliani, Simon, & Ho, 2009).

The limited availability and high price of honey have provided a
heightened interest in its adulteration. The identity and quality
parameters of honey are considered useful for detecting these pos-
sible adulterations, and also for confirming the hygiene conditions
for the manipulation and storage of honey (Puscas, Hosu, &
Cimpoiu, 2013).

Honey is a viscous, aromatic, sweet food that is consumed and
enjoyed by people around the world. For this reason, it requires
certain standards and norms that guarantee its identity and quality
so that consumers may safely consume honey, and the same shall
have free circulation in the internal market and access to the exter-
nal market (Codex Standard for Honey, 2001). The most common
forms of honey tampering are the addition of cheap sweeteners
(such as cane sugar or refined beet sugar, corn syrup, high fructose
or maltose syrup) and honeybees fed with sucrose (Puscas et al.,
2013).

This review aims to describe the characteristics of the com-
pounds present in honey to expand knowledge about the stability
of chemical compounds in order to identify markers that could
attest to the chemical stability of honey as a food and the quality
safety measure for consumers. In addition, this review describes
the parameters that confirm the quality and authenticity of honey
and finds similar characteristics in the different honeys produced
throughout the world, using requirements such as purity, maturity
and deterioration, as defined by the Codex Alimentarius.
2. Chemical composition and reaction products

Honey is a food that contains about 200 substances (Escuredo,
Míguez, Fernández-González, & Seijo, 2013), and consists mainly
of sugars, water, and other substances such as proteins (enzymes),
organic acids, vitamins (especially vitamin B6, thiamine, niacin,
riboflavin and pantothenic acid), minerals (including calcium, cop-
per, iron, magnesium, manganese, phosphorus, potassium, sodium
and zinc), pigments, phenolic compounds, a large variety of volatile
compounds, and solid particles derived from honey harvesting
(Alqarni et al., 2012; Ciulu et al., 2011; Pontes, Marques, &
Câmara, 2007). In order to better understand each component pre-
sent in honey and their behavior in prolonged storage, the topics
listed below describe each compound present in honey, outlining
their chemical structures, their importance as a structural con-
stituent of honey and studies that show the stability of these com-
ponents during storage time.
2.1. Sugars

Monosaccharides represent about 75% of the sugars found in
honey, along with 10–15% disaccharides and small amounts of
other sugars. The sugars present in honey are responsible for prop-
erties such as energy value, viscosity, hygroscopicity and granula-
tion (Kamal & Klein, 2011).

Sugar composition depends mainly on the honey’s botanical
origin (the types of flowers used by the bees), geographical origin,
and is affected by climate, processing and storage (Escuredo et al.,
2014; Tornuk et al., 2013). The concentration of fructose and glu-
cose, as well as the ratio between them, are useful indicators for
the classification of monofloral honeys (Kaskoniene, Venskutonis,
& Ceksteryte, 2010). In almost all types of honey, fructose is the
carbohydrate in greatest proportion, except in some honeys such
as rape (Brassica napus) and dandelion (Taraxacum officinale),
wherein the fraction of glucose may be higher than the fraction
of fructose (Escuredo et al., 2014), and consequently these honeys,
generally, have a rapid crystallization.

The sugar profile of honey has been studied by scientists
throughout the world. In these profiles, many sugars were
detected, such as fructose, glucose, sucrose, rhamnose, trehalose,
nigerobiose, isomaltose, maltose, maltotetraose, maltotriose, mal-
tulose, melezitose, melibiose, nigerose, palatinose, raffinose, erlose
and others (Fuente, Ruiz-Matute, Valencia-Barrera, Sanz, & Castro,
2011).

Sugars in honey are represented by monosaccharides, glucose
and fructose, followed by disaccharides, sucrose, maltose, turanose,
isomaltose, maltulose, trehalose, nigerose, kojibiose and trisaccha-
rides maltotriose and melezitose. Disaccharides and trisaccharides
like sucrose and maltotriose are hydrolyzed enzymatically to
monosaccharides. Sucrose consists of one molecule of fructose
linked with glucose through a-1,4 binding. It is hydrolyzed by
the enzyme invertase, yielding an equimolar mixture of hexoses
(Kamal & Klein, 2011).

Maltotriose consists of three glucose units (a-1,4 glycosidic
bonds), which are hydrolyzed by enzymes to maltose. Maltose is
also hydrolyzed by enzymes, but in this case, the enzyme is a-
glucosidase, resulting in two glucose molecules (Soldatkin et al.,
2013).

Sugars and other components of honey may change during stor-
age. Rybak-Chmielewska (2007) analyzed both stabilized (at a
temperature of 100 �C for 15 min – enzyme inactivated) and non-
stabilized honeys stored for 24 weeks. Sucrose concentration in
honeys that were not stabilized decreased 14% in honey stored at
4 �C, and 79% in honey stored at room temperature (20 �C). For
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other sugars, such as trehalose and isomaltose, percentages
showed no significant changes during prolonged storage. The fruc-
tose content increased 4% and glucose content increased 1.1% com-
pared to their initial value at 4 �C; however, at a temperature of
20 �C, the fructose content increased 7% and the glucose content
increased 8.8%. In stabilized honeys, the percentages of sugars var-
ied 0.1% higher in sucrose, trehalose and melezitose + erlose or
0.1% lower in turanose. Comparing the honeys at different temper-
atures of 4 and 20 �C, the variation in levels of individual sugars
was 0.2%. Over time, in addition to the chemical changes, there
are physical changes in honey, such as darker color and change
in flavor.

When honey is heated or stored for a long time, pentoses and
hexoses decompose in a slow enolization and a fast b-elimination
of three molecules of water to form undesirable compounds such
as furans (Chernetsova & Morlock, 2012). The main furans formed
are furfural, which is derived from pentoses, and 5-
hydroxymethylfurfural (5-HMF), derived from hexoses such as glu-
cose and fructose (Moreira et al., 2010). These are the main degra-
dation products of sugars and their occurrence in foods is usually
related to non-enzymatic browning reactions, i.e., Maillard reac-
tion, sugar degradation in an acidic medium and caramelization.
Actually, these furans have been used as markers for the heat treat-
ment of food (Moreira et al., 2010). The furfuryl alcohol is also an
indicator of thermal treatment and storage conditions. Thus, these
compounds are not considered to be good markers of floral honey,
although they may indicate a possible loss of freshness due to
exposure to high temperatures or prolonged storage (Barra et al.,
2010; Castro-Vázquez et al., 2007).

In addition to the previously mentioned compounds, other
products of sugar degradation, such as 2-acetylfuran (Wang
et al., 2009), isomaltol (Ota, Kohmura, & Kawaguchi, 2006), 3,5-di
hydroxy-2-methyl-5,6-diidropiran-4-one and maltol (Jelen, 2012)
are formed when submitted to heat in the presence of amino acids,
contributing to the change in color, taste and odor of honey.

2.2. Proteins

The protein content of honey varies according to the species of
the honeybees. Apis cerana honey contains from 0.1% to 3.3% pro-
tein, while Apis mellifera honey contains between 0.2% and 1.6%
protein (Won, Li, Kim, & Rhee, 2009). Proteins and amino acids in
honeys are attributed both to animal and vegetal sources, includ-
ing fluids and the nectar secretions of the salivary glands and phar-
ynx of honeybees (Escuredo et al., 2013; Sak-Bosnar & Sakac,
2012), but the main source of protein is the pollen.

Amino acids are responsible for 1% (w/w) of the constituents of
honey and their relative proportions depend on the origin of the
honey (nectar or honeydew) (Hermosín, Chicón, & Cabezudo,
2003). The most abundant amino acid in honey and pollen is pro-
line (Iglesias et al., 2006). Besides proline, other amino acids pre-
sent in honey include glutamic acid, aspartic acid, glutamine,
histidine, glycine, threonine, b-alanine, arginine, a-alanine, c-
aminobutyric acid, proline, tyrosine, valine, methionine, cysteine,
isoleucine, leucine, tryptophan, phenylalanine, ornithine, lysine,
serine, asparagine and alanine (Hermosín et al., 2003; Keckes
et al., 2013; Rebane & Herodes, 2010), with the most common of
these being glutamic acid, alanine, phenylalanine, tyrosine, leucine
and isoleucine (Girolamo, D’amato, & Righetti, 2012).

Proline originates mainly from the salivary secretions of honey-
bees (Apis mellifera L.) during the conversion of nectar into honey.
In honey, proline represents a total of 50–85% amino acids (Iglesias
et al., 2006; Truzzi, Annibaldi, Illuminati, Finale, & Scarponi, 2014).
Proline has been used as a criterion for the evaluation of the mat-
uration of honey, and in some cases, adulteration with sugar. A
minimum value of 180 mg kg�1 of proline is accepted as the limit
value for pure honey (Hermosín et al., 2003; Manzanares, García,
Galdón, Rodríguez, & Romero, 2014).

A small fraction of the proteins present in honey are enzymes
such as invertase, the a-and b-glucosidase, catalase, acid phos-
phatase, diastase, and glucose oxidase (Sak-Bosnar & Sakac,
2012; Won, Lee, Ko, Kim, & Rhee, 2008). Diastases are a group of
amylolytic enzymes that include a- and b-amylases. a-Amylase
hydrolyzes starch chains in the a-D-(1?4) linkages, producing dex-
trin. b-Amylase hydrolyzes starch chain at the end, leading to the
formation of maltose (Sak-Bosnar & Sakac, 2012). Another enzyme
present in honey is glucose oxidase. It converts glucose into d-
gluconolactone, which is hydrolyzed to gluconic acid. Besides d-
gluconolactone, glucose oxidase also produces hydrogen peroxide,
which has bactericidal action (Moreira, Maria, Pietroluongo, &
Trugo, 2007).

The conditions of storage and processing may lead to the forma-
tion of undesirable products due to the reaction of the carboxylic
group on the reducing end of sugars and the free amino groups
of amino acids and proteins (Maillard reaction). The Maillard reac-
tion occurs as an initial step to the formation of Amadori com-
pounds, which then form melanoidins, during the storage of
foods with high sugars or amino acids, such as honey. Amadori
compounds are derived from the amino acids lysine, proline, c-
aminobutyric acid and arginine (Iglesias et al., 2006). These amino
acids are present in honey and therefore can trigger the Maillard
reaction.

Iglesias et al. (2006) analyzed the free amino acids of different
honey nectar, honeydew and honey blend stored at room temper-
ature and unpasteurized over 24 months of storage. The authors
found that the content of the amino acids: aspartic acid, b-
alanine and proline increased during the first 6 months of storage.
Proline concentration decreased after 6 months of storage, while
the concentration of aspartic acid decreased after 12 months of
storage. b-Alanine concentration did not change between 6 and
24 months. This result may suggest that while b-alanine is
involved in the Maillard reaction, its reactivity is lower than that
of other amino acids. The increase of aspartic acid and proline dur-
ing the first months of storage can be explained by the presence of
enzymes such as protease and/or peptidase in honey, because
these amino acids are present in pollen. The concentration of free
amino acids decreased over the first nine months of storage, while
no significant difference was observed in the 15 months of storage.

Quantitative and qualitative changes of protein content were
related to protein–polyphenol complex formations in honey stored
for six months at different temperatures (Brudzynski, Sjaarda, &
Maldonado-Alvarez, 2013). These authors stated that the polyphe-
nols present in honey can be easily oxidized to quinones, and per-
form a key role in the interaction with proteins. These interactions
were intensified when honey was stored at high temperatures, by
modifying the protein structure and size, leading to covalent bonds
between proteins and quinones derived from oxidized
polyphenols.

2.3. Organic acids

According to many authors, all honeys have a slight acidity, as a
result of approximately 0.57% organic acids (Karabagias, Badeka,
Kontakos, Karabournioti, & Kontominas, 2014). These organic acids
are derived from sugars by enzymes secreted by honeybees when
transforming the nectar into honey or when obtained directly from
nectar (Cherchi, Spanedda, Tuberoso, & Cabra, 1994).

Organic acids are also used to discriminate the honeys accord-
ing to their botanical and/or geographical origin. These acids are
related to the color and flavor of honey and its chemical properties
such as acidity, pH and electrical conductivity (Mato, Huidobro,
Simal-Lozano, & Sancho, 2006).
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Some organic acids from different regions of the world are pre-
sent in honey as acids: aspartic acid, butyric, citric, acetic, formic,
fumaric, galacturonic, formic, gluconic, glutamic, glutaric, butyric,
glyoxylic, 2-hydroxybutyric, a-hydroxyglutaric, isocitric, a-
ketoglutaric, lactic, malic, malonic, methylmalonic, 2-
oxopentanoic, propionic, pyruvic, quinic, shikimic, succinic, tar-
taric, oxalic and others (Cherchi et al., 1994; Mato et al., 2006;
Nozal, Bernal, Gómez, Higes, & Meana, 2003).

The predominant acid in honey is gluconic acid. Its presence in
honey originates from glucose oxidase, which honeybees provide
during ripening (Karabagias et al., 2014). Besides gluconic acid,
citric acid is also present in honey, and the concentration of these
two substances is used as a reliable parameter to differentiate flo-
ral honey from honeydew (Mato et al., 2006).

Levulinic and formic acids are also present in honey. They can
be derived from 5-HMF in successive reactions, then link with
two water molecules, producing one molecule of levulinic acid
and one molecule of formic acid, thereby increasing the concentra-
tion of free acidity in honey (Cavia, Fernández-Muino, Alonso-
Torre, Huidobro, & Sancho, 2007).

Cavia et al. (2007) evaluated the free acidity of 35 Spanish hon-
eys which had not been heated during 30 months. All samples
were stored at room temperature and analyzed every 5 months.
The free acidity remained practically constant during the first
15 months of storage, with a slight tendency to increase. After
20 months, most of the honey samples showed a constant increase
in free acidity, which is provided by free acids in honey and can
vary widely. Many authors have reported the increase of acidity
over time, as well as during fermentation because honey sugars
and alcohols transform into acids by the action of honey yeasts
(Cavia et al., 2007).

When storing food, heat treatment should be efficient to ensure
food safety, because if contamination does occur, the result of
sugar fermentation is the formation of volatile acids (C2–C12),
which can damage the quality of some products. In addition,
organic acids contribute to sensory properties such as color and fla-
vor as components of foods (Jurado-Sánchez, Ballesteros, &
Gallego, 2011).
Fig. 1. Chemical structure of phenolic acids and flavonoids. (a) Hydroxybenzoic
acid: þ-hydroxybenzoic, R1 = H, R2 = H; gallic acid, R1 = OH, R2 = OH. (b) Hydrox-
ycinnamic acids: þ-coumaric acid, R1 = H; caffeic acid, R1 = OH; ferulic acid
R1 = OCH3. (c) General chemical structure of the flavonoids.
2.4. Vitamins

Honey contains small amounts of vitamins, especially the vita-
min B complex, which are from the pollen grains in suspension.
Vitamins found in honey include thiamine (B1), riboflavin (B2),
nicotinic acid (B3), pantothenic acid (B5), pyridoxine (B6), biotin
(B8 or H) and folic acid (B9). Vitamin C is also present. Those vita-
mins present in honey are preserved due to the low pH of honey
(Bonté & Desmoulière, 2013).

Vitamin C is found in almost all types of honey and has been
evaluated mainly due to its antioxidant effect. The determination
of vitamin C is an unstable indicator, because it is very vulnerable
to chemical and enzymatic oxidation and has an accelerated rate of
change due to various factors such as light, oxygen or heat (León-
Ruiz, Vera, González-Porto, & Andrés, 2013).

The first study of vitamins in honey was performed initially by
biological assay methods. Only after 1940, chemical methods were
introduced for the determination of ascorbic acid (Ciulu et al.,
2011). Ciulu et al. (2011) validated a rapid and simple method
for High Performance Liquid Chromatography-Reverse Phase
(HPLC-RP) to simultaneously determine 5 water-soluble vitamins
(Vitamin B2: riboflavin, vitamin B3: nicotinic acid, vitamin B5:
pantothenic acid, vitamin B9: folic acid and vitamin C: ascorbic
acid). The method was effective in the analysis of 28 honey sam-
ples (mainly from Sardinia, Italy), from 12 different botanical
origins.
The commercial filtration of honey may cause a reduction in
vitamin content due to the almost complete removal of pollen.
Another factor that causes loss of vitamins in honey is the oxida-
tion of ascorbic acid by the hydrogen peroxide produced by glucose
oxidase (Ciulu et al., 2011).
2.5. Minerals

Various groups of chemical compounds have been detected in
different types of honey. These chemical groups include macro
and microelements minerals such as potassium, magnesium, cal-
cium, iron, phosphorus, sodium, manganese, iodine, zinc, lithium,
cobalt, nickel, cadmium, copper, barium, chromium, selenium,
arsenic, and silver that are found in different honeys (Alqarni
et al., 2012) comprising those groups that are important for the
human diet (Madejczyk & Baralkiewicz, 2008).

The mineral content in honey ranges from 0.04% in light honeys
to 0.2% in dark honeys (Alqarni et al., 2012). Honey reflects the
chemical components of the plants from which the honeybees col-
lect their food, so the content of trace elements present in honey
depends on the type of soil in which the plant and nectar were
found (Escuredo et al., 2013; Madejczyk & Baralkiewicz, 2008)
and may indicate the botanical origin of a specific honey (Alqarni
et al., 2012). Some studies classify honeys botanically based on
the estimation of their mineral content. Nalda, Yagu, Calva, and
Gómez (2005) identified the minerals of different honeys from
Spain and found a higher concentration of manganese in honey
from the flowers of heather and ling. Ajtony, Bencs, Haraszi,
Szigeti, and Szoboszlai (2007) evaluated the mineral content of
honey samples from Hungary and found the lowest concentrations
of cadmium, chrome, copper and lead were observed in linden
honey, as for other types of honey these elements showed the
highest content.

Potassium is the most abundant element, corresponding gener-
ally to one third of the total mineral content found in honey
(Alqarni et al., 2012; Yücel & Sultanoglu, 2013). In smaller quanti-
ties, honey also contains sodium, iron, copper, silicon, manganese,
calcium and magnesium. Macro elements (such as potassium, cal-
cium, and sodium) and trace minerals (such as iron, copper, zinc,
and manganese) perform a fundamental function in biological sys-
tems: maintaining normal physiological responses, inducing the
overall metabolism, influencing the circulatory system and repro-
duction, and as catalysts in various biochemical reactions
(Alqarni et al., 2012). Some heavy metals, such as arsenic, lead,
mercury and cadmium, are toxic if the maximum limit is exceeded.
However, maximum residue levels of these potentially toxic ele-
ments in honey have not been established. The World Health Orga-
nization (WHO) and the Food and Agriculture Organization (FAO)
have jointly proposed acceptable levels of 15 lg kg�1 for arsenic,
25 lg kg�1 for lead, 5 lg kg�1 for mercury and 7 lg kg�1 for cad-
mium. The increased concentration of trace elements in honey
samples near industrial areas was observed in most cases. There-
fore, the quantification of trace toxic mineral elements in honeys
becomes important for the effects of human health, safety and
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environmental biomonitoring (Ajtony et al., 2007; Bilandzic et al.,
2011).

Mineral elements, in contrast to vitamins and amino acids, are
not subject to degradation by exposure to heat, light, oxidizing
agents, extreme pH or other factors that affect organic nutrients.
In essence, the minerals are indestructible (Damodaran, Parkin, &
Fennema, 2010), a very important fact, because these minerals
are components of essential enzymes for a number of metabolic
reactions in the human body and also play an important role in
body functions, so they must be supplied through diet (Pohl,
Stecka, Greda, & Jamroz, 2012).

2.6. Phenolic compounds

Phenolic compounds are a chemically heterogeneous group,
with approximately 10,000 compounds, which are grouped into
different classes according to their basic chemical structure. They
can be divided into non-flavonoids (phenolic acid) and flavonoids
(flavones, flavonols, flavanones, flavanols, anthocyanidin, isofla-
vones and chalcones) (Andersen & Markham, 2006). These com-
pounds have an aromatic ring with one or more hydroxyl groups
in their structures, which can vary from a simple to a complex
molecule phenolic polymer of high molecular weight (Pyrzynska
& Biesaga, 2009).

Phenolic acids constitute an important class of phenolic com-
pounds with bioactive functions typically found in vegetable prod-
ucts and foods, and are secondary metabolites required for normal
operation of naturally occurring plants. They are compounds that
act as antioxidants, eliminating free radicals and inhibiting lipid
oxidation. They can be divided into two subgroups according to
their structure: the hydroxybenzoic and hydroxycinnamic acids
(Challacombe, Abdel-Aal, Seetharamana, & Duizer, 2012).

Hydroxybenzoic acids have a general structure C1–C6 (Fig. 1a),
derived from benzoic acid. Variations in this structure can be found
in methylation and hydroxylation of the aromatic ring (Tsao,
2010). Acids which are derived from hydroxybenzoic acids include
þ-hydroxybenzoic, vanillic, syringic, salicylic (2-hydroxybenzoate),
gallic and ellagic. These compounds may be present in their soluble
form in cells, combined with sugars or organic acids, or forming
together with cells linked with lignins (Rice-Evans & Packer, 2003).

Hydroxycinnamic acids have a general structure of C3–C6
(Fig. 1b) and display differences in the originating ring substituents
such as phenolic acids differ from þ-coumaric, caffeic, ferulic and
sinapic acids. These compounds occur normally in their conjugated
form as esters of hydroxy acids such as tartaric acid and shikimic as
well as in pure form (Rice-Evans & Packer, 2003).

Flavonoids have a C6–C3–C6 nuclear structure, involving two
benzene rings connected by a pyran ring (Fig. 1c). Substitutions
on the rings result in major classes of flavonoids. They represent
the largest group of plant phenolic compounds, which represents
more than 50% of all natural phenolic compounds. They are widely
distributed in the seeds, bark, leaves, and flowers of plants and
trees. In plants, these compounds provide protection against ultra-
violet radiation, pathogens and herbivores. Plants have several
polyphenolic derivatives with high structural diversity and com-
plexity, and when honeybees collect nectar, these bioactive com-
pounds can be transferred from plants to honey (Silici, Sagdic, &
Ekici, 2010).

Various authors have studied the profile of phenolic compounds
in honey. They have found vanillic acid, caffeic acid, syringic acid,
þ-coumaric acid, ferulic acid, quercetin, kaempferol, myricetin,
pinobanksin, pinocembrin, chrysin, ellagic acid, galangin, 3-
hydroxybenzoic acid, chlorogenic acid, 4-hydroxybenzoic acid, ros-
marinic acid, gallic acid, hesperetin, benzoic acid and others
(Alvarez-Suarez et al., 2012; Trautvetter, Koelling-Speer, & Speer,
2009).
Phenolic compounds present in honey have been used as floral
markers and have also increased the amount of interest directed to
the study of antioxidant activity attributed to these compounds
due to their ability to scavenge or reduce the formation of free rad-
icals (reactive oxygen species – ROS). Some studies show that fla-
vonoids could protect lipids against oxidation of the cell
membrane (Sghaier et al., 2011).

The main functional components of honey are flavonoids. They
can significantly contribute to the total antioxidant activity of
honey, bringing beneficial effects for human health (Alvarez-
Suarez et al., 2012). The antioxidant activity of flavonoids in most
cases depends on the number and position of hydroxyl groups and
other substituents and the glycosylation of flavonoid molecules.
The presence of certain hydroxyl groups in the flavonoid rings
enhances antioxidant activity. Substitution patterns in the A ring
and B ring, and the 2,3-double bond (unsaturated) and 4-oxo group
in the C ring also affect the antioxidant activity of flavonoids. The
glycosylation of flavonoids decreases their antioxidant activity
when compared to the corresponding aglycones (Sghaier et al.,
2011).

Phenolic compounds, as well as other organic compounds as
previously discussed, are degraded depending on the environmen-
tal conditions to which they are subjected. Escriche, Kadar, Juan-
Borrás, and Domenech (2014) evaluated the impact of industrial
heat treatment on the phenolic compounds of Spanish honeys,
subjected to liquefaction (45 ± 1 �C/48 h) and liquefaction + pas-
teurization (80 ± 0.05 �C/4 min). Phenolic compounds found in
these honeys were caffeic and þ-coumaric acids and flavonoids
naringenin, hesperetin, pinocembrin, chrysin, galangin, quercetin
and kaempferol. A significant decrease in the concentration of
galangin, kaempferol, myricetin and þ-coumaric acid was observed
after heat treatment, being more relevant to the myricetin after
pasteurization.

Truchado, Ferreres, Bortolotti, Sabatini, and Tomás-Barberán
(2008) evaluated the stability of flavonoid glycosides in honey
and concluded that the common structural characteristic of flavo-
noids kaempferol-7-O-robinoside, kaempferol-7-O-rhamnoside
and kaempferol-7-O-rhamnosyl (1?2) rhamnosyl (1?2) hexosyl
(1?2) rhamnoside is the presence of a free hydroxyl in position
3 (Fig. 1c). This gives certain instability to these compounds under
slight alkaline conditions and high sensitivity to oxidation in the
presence of slight oxidizing agents such as hydrogen peroxide,
which is present in honey, being responsible for the degradation
verified in the flavonoids analyzed.
2.7. Volatile compounds

The honey flavor is produced by complex mixtures of volatile
compounds, which may differ depending on the nectar, processing
conditions, origin and storage. Unifloral honeys have a distinctive
flavor of the plant, due to the presence of certain volatile organic
compounds from nectars (Castro-Vázquez et al., 2007).

Volatile compounds in honey have their origin in different
sources, such as the transference of volatile compounds from the
plant, for example. On the other hand, honeybees can also produce
or convert plant constituents in other compounds with volatile
properties. Moreover, these compounds can be affected by post-
harvest processing, from the presence of micro-organisms (Barra
et al., 2010; Iglesias et al., 2006).

More than 400 different compounds have been identified in the
volatile fraction of the honey, and some are used as markers of
commercial honeys, such as 3,9-epoxy-1-þ-mentadieno, t-8-þ-
menthan-oxide-1,2-diol and cis-rose, which have been proposed
as markers of lemon honey; diketones, sulfur compounds and alka-
nes are characteristic of eucalyptus honey, while hexanal and hep-



Fig. 2. Compounds present in honey, the processes that influence the stability of honey, degradation products and secondary reactions that may occur.
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tanal are the main compounds in the aroma of lavender honeys
(Castro-Vázquez et al., 2007; Radovic et al., 2001).

Complex mixtures of the volatile compounds of different chem-
ical families are present in honey at very low concentrations,
which generally belong to monoterpenes, C13-norisoprenoid,
sesquiterpenes, benzene derivatives and, to a lower content of
superior alcohols, esters, fatty acids, ketones, terpenes and aldehy-
des (Pontes et al., 2007).

The length of the carboxylic acids carbon chains provides differ-
ent flavors that can range from spicy to rancid. The short chain car-
boxylic acids, such as acetic acid, have a spicy aroma and flavor,
while the butanoic and hexanoic acid present in butter provides
a rancid aroma (Barra et al., 2010).

Alcohols are a large and important class of compounds present
in honey. Methyl groups with alcohols, such as 3-methyl-3-
butene-1-ol and 2-methyl-2-buten-1-ol, provide freshness to
honey (Castro-Vázquez et al., 2007). There are also studies that
show that the derivatives of linalool originate from flowers visited
by honeybees, concluding that these compounds are found only in
specific honeys (Moreira et al., 2010).

Radovic et al. (2001) analyzed 43 samples of honey from differ-
ent countries, among them were Denmark, Germany, Italy, France,
Holland, Spain, Portugal and England, and found linear and
branched aldehydes, ketones, and short-chain alcohols in almost
all of the honeys. The major volatile compounds detected by head-
space analysis in such honeys were furfural, benzaldehyde and
acetone.

Some studies have reported modification in the volatile com-
pounds profile during the storage of honey, as described in the
study by Moreira et al. (2010), where the honey volatiles were
evaluated during 6 months of storage. The disappearance of 17-
pentatriacontene in cashew honey was observed as early as the
third month of monitoring. However, Kaskoniene, Venskutonis,
and Ceksteryte (2008) found that the concentration of octane
increases with storage time. These studies indicate that the evalu-
ation of the volatile profile of honey, depending on the storage time
and/or the industrial process involved, should be performed metic-
ulously, seeking to monitor the formation or loss of the character-
istic volatile compounds in the honey evaluated.

As described above, the chemical compounds present in honey
may change over time during storage. The knowledge about these
changes is very important to understand how honey behaves dur-
ing the storage period.

Fig. 2 shows the compounds present in honey, the processes
that influence the stability of honey, the products’ degradation,
and the secondary reactions that may occur.

Honey is composed of different chemical compounds, including
sugars, proteins, amino acids, vitamins, organic acids, phenolic
compounds and volatile compounds (Fig. 2). Through processes
such as the specific enzymes present in honey, high temperature
and long storage time, honey may change and degrade into new
products such as furans, amino acids, alcohols and new phenolic
compounds and new volatile compounds. These can also be
affected by the production of secondary reactions, such as theMail-
lard reaction, when the compounds of furan derivatives are heated
or stored for a long time.
3. Stability of the compounds present in honey

Honey is a food containing several chemical compounds and as
such, it is expected that variations in their composition may occur
during storage. Some of these changes influence the nutritional
and sensory characteristics that may be associated with reactions
such as the Maillard reaction, catalyzed by heating. Moreover,
due to commercial aspects, sometimes honey is stored for almost
a year before consumption (Moreira et al., 2007, 2010).

The browning of food under heat or during storage (in foods
containing reactive groups such as NH2 and C@O) is the result of
a chemical reaction between a reducing sugar and a primary amino
group. The flavors and colors formed may be either desirable or
undesirable. They can be formed slowly during storage, or more
rapidly at high temperatures (Damodaran et al., 2010; Ordóñez,
2005).

In the Maillard reaction, the reducing sugars react reversibly
with an amine to form a Schiff base, which may cause a ring to
form a glucosamine. The isomerization of aldoses generates
aldosilamines while the isomerization of ketoses generates ketosil-
amines. The Schiff base suffers rearrangement, forming products of
Amadori (a key reaction for browning). Amadori compounds are
the first intermediate sequence of browning reactions. The aldosil-
amines have internal restructuring (Amadori rearrangement) and



Fig. 3. Proposed scheme for the formation of 5-hydroxymethylfurfural.
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are converted into ketosamines, while ketosilamines are trans-
formed into aldosilamines (Heyns restructuring or reverse Ama-
dori) (Damodaran et al., 2010; Oetterer, Regitano-D’arce, & Spoto,
2006; Ordóñez, 2005).

The following reactions give a dehydrated intermediate, espe-
cially if the pH 6 5. Occasionally, this forms a furan derivative that
originated from a hexose, known as 5-HMF and/or a derivative
composed of a pentose, such as furfural (Damodaran et al., 2010;
Ordóñez, 2005).

5-HMF is formed as an intermediate in theMaillard reaction and
in the direct dehydration of sugars under acidic conditions applied
during the heat treatment of foods or during prolonged storage
(Barra et al., 2010; Castro-Vázquez et al., 2007; Wang et al.,
2009). 3-Deoxyosone is known as a key component in the forma-
tion of 5-HMF, and derives from 1,2 enolization and dehydration
of glucose or fructose. Further dehydration and cyclization of 3-
deoxyosone increase the content of 5-HMF. Fig. 3 illustrates an
alternative scheme for the formation of 5-HMF in foods, showing
the main pathway, under heat and low humidity, and the reaction
involving the formation of a highly reactive cation fructofuranosyl,
which can be rapidly converted to 5-HMF in low pH (pH < 5), as in
the case of honey (Capuano & Fogliano, 2011).

The Maillard reaction promotes a reduction in the nutritional
value of the food, because the destruction of essential amino acids
occurs, such as lysine e-amino group, which reacts with sugars and
other amino acids such as L-arginine and L-histidine (Damodaran



Fig. 4. Relations between terpenes.
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et al., 2010; Ordóñez, 2005). As in the Maillard reaction, Strecker
degradation contributes to the loss of amino acids; however, it
does not cause the food to darken (Oetterer et al., 2006).

A dark color in honey may develop during storage and may also
be related to storage temperature and the composition of the
honey. In some cases, the honey is subjected to heat treatment to
inhibit or retard the crystallization process, or to block the devel-
opment and growth of micro-organisms, such as preventing the
contamination of the fresh product and also during filling or
extraction, because honey must have an adequate fluidity
(Vaikousi, Koutsoumanis, & Biliaderis, 2009).

Hydrocarbons have low reactivity but undergo a concentration
decrease, which is most likely due to volatilization. Generally, the
concentration of these compounds decreases with increasing
molecular weights of the hydrocarbons. The oxidative processes
that may occur during storage transform hydrocarbons into smal-
ler molecules such as alcohols, which can be volatilized rapidly.
The increased concentration of alcohols during storage may be
due to their formation via lipid oxidative degradation or the reduc-
tion processes catalyzed by aldehyde reductase from honeybees or
contaminating microorganisms (Moreira et al., 2010).

Kaskoniene et al. (2008) detected ethanol in samples of honey
from Lithuania. The presence of ethanol may be related to the
development of yeasts in carbohydrate foods. The hotrienol (3,7-
dimethyl-1,5,7-octatrien-3-ol) can be generated in honeys sub-
jected to heat treatment, while its precursor, (E)-2,6-dimethyl-6-
acetoxy-2,7-octadienal (Barra et al., 2010), or other compounds
such as terpendiol I, 8-hydroxylinalool and lilac aldehydes can be
formed by isomerizing 8-hidroxilinalool lilac alcohol followed by
oxidation (Fig. 4) (Kus, Jerkovic, Tuberoso, & Sarolic, 2013).

Kaskoniene et al. (2008) suggest that various aldehydes and
ketones can be formed by the oxidation of fatty acids in honey, par-
ticularly linoleic and linolenic acids, which may develop a rancid
flavor. The hexadecanoic acid may be formed due to oxidation of
the aldehyde during storage of hexadecanal (Moreira et al., 2010).

Some of the organic acids, ketones and benzenes such as 2-
hydroxy-2-propanone, butanoic acid, benzyl alcohol or 2-
phenylethanol found in fresh honey gradually increase in concen-
tration with increasing temperature and storage time (Barra
et al., 2010). However, low molecular weight acids such as propa-
noic acid and 2-methylpropanoic disappeared during 6 months of
storage, most likely because they are short carbon chains, facilitat-
ing volatilization (Moreira et al., 2010).

Kaskoniene et al. (2008) reported that despite the samples of
Lithuanian honey showing the same chemical classes of com-
pounds, qualitative and quantitative changes of these compounds
became evident only after 3 months of storage. Volatile com-
pounds in caraway and white clover honeys analyzed by head-
space, decreased to 70% after three months of storage, while in
some other honeys, the percentage of the loss of volatiles was less
expressive. For the monofloral rape honeys analyzed, the content
increased from 14.7% to 29.8%. This was perhaps due to the direct
chemical changes of the honeys’ composition, such as the forma-
tion of new compounds and the loss of some volatile components.
Physical changes such as consistency, rheological properties and
crystallization were also evaluated in this study and can have a
remarkable influence on the release of volatile compounds.

Kus et al. (2013) evaluated the profile of volatile compounds of
two types of honeys from Poland and Spain. They noted that honey
is characterized by a high percentage of compounds derived from
shikimic acid, terpenes, and some norisoprenoid and some com-
pounds such as coumaran and methyl-1H-indole-acetate. Fig. 5
illustrates the possible relationships between the compounds
derived from shikimic acid. Benzoic acid is possibly formed by
cleavage of the side chain of cinnamic acid or by the oxidation of
benzaldehyde via reduction of the benzyl alcohol. However, 2-



Fig. 5. Compounds derived from shikimic acid.
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phenylacetic acid can be formed by decarboxylation of
phenylpyruvic acid or by oxidation of 2-phenylethanol.
4. Parameters of identity and quality of honey

The laws regarding honey are developed by considering the
requirements to standardize the processing of products, and to
ensure equal conditions and full transparency in their develop-
ment and marketing. The authenticity of honey is defined interna-
tionally by the Codex Alimentarius, which establishes the identity
and the essential quality requirements of honey intended for direct
human consumption. These standards are applied to honey pro-
duced by bees and cover all styles of honey presentations, which
are processed and ultimately intended for human consumption
(Codex Standard for Honey, 2001).

The purpose of these laws is to establish the identity and min-
imum quality requirements for honey. Among other factors, these
regulations take into account the sensory and physicochemical
properties of honey by setting the color and the minimum or max-
imum amount related to maturity, purity and deterioration param-
eters for honeys. With respect to maturity, the regulation evaluates
sugar content and moisture; for purity, it analyses ash content,
electrical conductivity and insoluble solids in water; and for matu-
rity, it verifies HMF content, acidity and diastase activity (Codex
Standard for Honey, 2001).
4.1. Sugars

As previously discussed, honey is rich in sugars. These are pro-
duced by honey-bees from nectar sucrose, which is transformed
through the action of enzymes such as a- and b-glucosidase, the
a- and b-amylase and b-fructosidase. Monosaccharides are the
most common carbohydrates found in honey, ranging from 65%
to 80% of total soluble solids. Fructose (about 38.5%) and glucose
(about 31.0%) are the compounds present in a higher concentration
in honey. The average ratio of fructose and glucose is 1.2:1, but this
ratio depends largely on the source of the nectar from which the
honey was extracted. This ratio is used to evaluate the crystalliza-
tion of the honey, due to glucose’s lower solubility in water as
compared to fructose (Escuredo et al., 2014; Fuente et al., 2011;
Tornuk et al., 2013).

According to the standards of the Codex Alimentarius
Committee on Sugars (2001), the minimum amount of reducing
sugars is 60 g 100 g�1 for floral honey (Codex Standard for
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Honey, 2001). In general, the sugar composition of honey is
affected by the types of flowers used by the bees, as well as regions
and climate conditions (Tornuk et al., 2013).

Besides the reducing sugars analysis, the amount of sucrose is a
very important parameter in evaluating the honeys’ maturity. The
sucrose content in honey is analyzed with the purpose of identify-
ing any improper manipulation of honey, and high levels may indi-
cate a variety of adulterations, such as adding cheap sweeteners
like cane sugar or refined beet sugar; early harvest, indicating that
the sucrose was not completely transformed into glucose and fruc-
tose; or prolonged artificial feeding of honeybees with sucrose syr-
ups, resulting in high commercial profits (Escuredo et al., 2013;
Puscas et al., 2013; Tornuk et al., 2013). Due to these factors the
Codex Alimentarius Committee on Sugars (2001) stipulates a max-
imum value of 5 g of total sugar in 100 g of floral honey (Codex
Standard for Honey, 2001).

Readers are encouraged to take a look at a well written review
by Camiña, Pellerano, and Marchevsky (2012), which focuses on
the geographical and botanical classification of honeys around
the world, but also provides a great overview of different analytical
techniques combined with multivariate analysis to verify honeys’
authenticity through sugar evaluation. More recently, the adulter-
ation of honeys was monitored by 13C/12C analysis using an isotope
ratio mass spectrometer in combination with an elemental ana-
lyzer (EA-IRMS) (Tosun, 2013). This technique was useful in detect-
ing the adulteration of honeys by the addition of corn-sugar cane
syrups, but fails to detect the adulteration of beet sugar syrups.

In order to rapidly and efficiently detect the presence of adul-
terants, like sugar syrups in honeys, Chen et al. (2014) applied
the three-dimensional fluorescence spectra technology, aiming to
replace the previous techniques. It was considered time-
consuming, expensive and required a high degree of technical
knowledge for data interpretation. Multivariate analysis combined
with this technique proved to be a potential tool to detect adulter-
ated honey in rice syrup. HPLC can also be used as a fast technique
to detect adulteration in honeys as presented by Wang et al.
(2015), without the requirement of multivariate analysis. HLPC
chromatograms indicated a separate peak at 15.25 min retention
time indicative of the presence of syrup in honey samples, with a
detectable syrup content near 2.5%.

Besides sugar content determination, water content is also an
effective parameter to evaluate the quality of honeys. The authen-
tication of honeys from different countries was evaluated by mul-
tivariate analysis in commercial, adulterated and artificial honeys.
The sum or ratio of sugars (glucose and fructose) and the glucose:
water ratio were found to be more specific and better indicators of
honey quality than any other parameter evaluated (Kukurová,
Karovicová, Kohajdová, & Biliková, 2008).

4.2. Moisture and water activity (Aw)

Water is the second largest constituent of honey. Its content
may vary from 15 to 21 g 100 g�1 depending on the botanical ori-
gin of the honey, the level of maturity achieved in the hive, pro-
cessing techniques and storage conditions (Yücel & Sultanoglu,
2013).

The moisture content is one of the most important characteris-
tics, influencing physical properties of honey such as viscosity and
crystallization, as well as other parameters: color, flavor, taste,
specific gravity, solubility and conservation (Escuredo et al., 2013).

Escuredo et al. (2013) evaluated the water content of 187 hon-
eys harvested in Northwest Spain and the samples’ contents ran-
ged from 16.9% to 18.0%, averaging 17.6%. These honeys are in
accordance with the Codex Alimentarius Committee on Sugars
(2001) stipulating that the moisture content in honey should not
exceed 20 g 100 g�1 (Codex Standard for Honey, 2001).
Karabagias et al. (2014) found the water content of 39 pine
honey samples in Greece, and the samples showed values between
10.50% and 20.50%. The percentage of moisture in honey can also
vary in regions with high relative humidity, or depending on the
season, as honey is more likely to suffer a fermentation process
in the rainy season rather than the dry season. The moisture in
honey can also increase during the processing operations of the
product, as well as the inadequate storage conditions, because
honey is hygroscopic and absorbs moisture from the atmosphere
(Karabagias et al., 2014).

The crystallization of glucose in honey leads to the reduction of
soluble solids resulting in the dilution of the amorphous solution,
which therefore increases the Aw. Honey usually has Aw between
0.50 and 0.65, and Aw values above 0.60 represent a critical thresh-
old for microbial stability. Although there are no limits imposed by
the standards, it is known that the value of Aw is very important,
because honey contains osmophilic yeasts that can cause fermen-
tation, forming ethyl alcohol and carbon dioxide, thereby changing
the quality of the honey (Escuredo et al., 2013; Tornuk et al., 2013;
Yücel & Sultanoglu, 2013).

4.3. Free acidity and pH

Although the pH limit has not yet been described by the Regu-
latory Committees, a pH level between 3.2 and 4.5 and the natural
acidity of the honey inhibit the growth of micro-organisms, as the
optimum pH for most organisms is between 7.2 and 7.4
(Karabagias et al., 2014; Suárez-Luque, Mato, Huidobro, Simal-
Lozano, & Sancho, 2002). On the other hand, the pH determination
could also be also correlated with other authenticity parameters to
verify adulterations. The addition of high fructose corn syrup in
Brazilian honey resulted in a significant increase of pH values com-
pared to pure honey (Ribeiro et al., 2014).

Free acidity is an important parameter related to the deteriora-
tion of honey. It is characterized by the presence of organic acids in
equilibrium with lactone, internal esters and some inorganic ions
such as phosphates, sulfates and chlorides (Moreira et al., 2007).
The Codex Alimentarius Committee on Sugars (2001) permits a
maximum value of 50.00 meq kg�1 for free acidity. Higher values
may be indicative of fermentation of sugars into organic acids.
However, the presence of different organic acids, geographical ori-
gin and harvest season can affect the honeys’ acidity (Codex
Standard for Honey, 2001; Tornuk et al., 2013). In Portugal, for
example, monofloral honeys were evaluated, and depending on
the geographical region, as well as the botanical origin, the values
obtained were higher than the established limit (Alves, Ramos,
Gonçalves, Bernardo, & Mendes, 2013).

4.4. Ash and electrical conductivity

Ash content is a measure of quality that evaluates the mineral
content present in honey. The mineral content may be indicative
of environmental pollution and geographical origin, because the
content depends on the type of soil used for the flowers from
which the nectar was collected (Karabagias et al., 2014; Suárez-
Luque, Mato, Huidobro, & Simal-Lozano, 2005). It can be also used
as a parameter to evaluate the nutritional value of honeys. Usually,
the major mineral content contribution is from potassium (its con-
tent usually varying between 200 and 900 ppm), followed by other
minerals in lower quantities. This affirmation was proved by ana-
lyzing honey samples from different regions of Portugal, whose
values were corroborated with other literature data (Alves et al.,
2013). Potassium content determination can be combined with
other techniques already presented to verify the honeys’ authentic-
ity. Lime honey adulterated with glucose, for example, showed
potassium content below 200 ppm and changes in the electrical
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conductivity values, as compared to pure honey (Nikolova,
Panchev, Sainov, Gentscheva, & Ivanova, 2012).

Although the Codex Alimentarius Committee on Sugars (2001)
does not provide a standard value for this parameter, studies have
shown the average ash content in honey is 0.17% (w/w), ranging
between 0.02% and1.03% (w/w) (Chakir, Romane, Barbagianni,
Bartoli, & Ferrazzi, 2011). Mineral content is related to the color
and flavor of honey, with a higher mineral content leading to a dar-
ker and stronger flavor (Escuredo et al., 2013; Karabagias et al.,
2014), which are attractive features for its consumption. There is
usually a positive correlation between the color, mineral content
and electrical conductivity of honey (Karabagias et al., 2014).

The electrical conductivity of honey is related to the ash content
(mineral content) and acidity, revealing the presence of ions,
organic acids and proteins (Yücel & Sultanoglu, 2013); thus, the
higher their content, the higher the resulting conductivity. It is
an indicator often used in the quality control of honey that can
be used to distinguish floral honeys from honeydew honeys
(Karabagias et al., 2014). Despite electrical conductivity changes
when the amount of the plant pollen decreases, the determination
of the geographical origin of honeys could not be based entirely on
this measurement in the study performed in honeys from different
regions of Lithuania. But the authors showed a strong correlation
between pollen content and electrical conductivity of monofloral
honeys (Kaskoniene et al., 2010). As this parameter is directly
related to the ash content, it was recently included in the Codex
Alimentarius standards, replacing the determination of the ash in
honey. The standards recommend a maximum value of
800.00 mS cm�1 (Codex Standard for Honey, 2001; Kaskoniene
et al., 2010).

4.5. Color

Color is the first attractive attribute of honey, and as such is
very important for commercialization. It is an important parameter
in the quality, acceptance and preference of consumers.

Boussaid et al. (in press) evaluated six samples of honeys from
different regions of Tunisia and found lightness values (L⁄) from
36.64 to 51.37. The lightness of honey plays an important role
due to consumer preferences. The analyzed honeys also contained
the colors orange, yellow and green. The rosemary honey showed
the green color, which are the negative values of a⁄ while mint
honey had the highest redness followed by eucalyptus honey.
The thyme, orange, eucalyptus horehound and mint honeys
showed values between 10 and 20 for component b⁄.

Honey experts know that its color can vary from light tones to
almost black amber tones, with the most common being bright yel-
low, reddish or greenish. In many countries, the price of honey is
related to its color. Lightly colored honeys generally have a higher
value, although dark honeys are appreciated in certain regions
(Tuberoso et al., 2014), showing that the general acceptance of
the honeys’ color by consumers can vary widely (Gámbaro, Ares,
Giménez, & Pahor, 2007).

Color is one of the parameters that varies most, and is mainly
determined by its botanical origin. It also depends on its ash con-
tent, the temperature at which the honey remains in the hive
and storage time (Gámbaro et al., 2007). The Codex Alimentarius
Committee on Sugars (2001) stipulates that the color of honey
should be nearly colorless to dark brown.

4.6. 5-Hydroxymethylfurfural (5-HMF)

5-HMF content is presented as indicative of honey deteriora-
tion. Tornuk et al. (2013) evaluated twenty samples of Turkish
flower honey HPLC/DAD and the content varied between 0 and
4.12 mg kg�1, which can be considered fresh honey. It meets the
standards established by the Codex Alimentarius Committee on
Sugars (2001) that sets a maximum value of 40.00 mg kg�1 for
the mixture or processed honey and a maximum value of
80.00 mg kg�1 if the honey and blends of these honeys contain a
declared origin from regions with a tropical climate.

Rizelio et al. (2012) developed a fast MECK (Micellar electroki-
netic chromatography) method for the determination of 5-HMF in
honey samples from Brazil. Among the samples analyzed, two had
values above the stipulations by the Codex Alimentarius
Committee on Sugars (2001), 82.80 mg kg�1 and 127.25 mg kg�1.

Normally 5-HMF is formed by the decomposition of monosac-
charides or the Maillard reaction, when honey is heated or stored
for a long time. As the heat treatment temperature and the storage
time increase, the concentration of 5-HMF increases significantly.
However, 5-HMF alone cannot be used to determine the severity
of the heat treatment, because other factors can influence the
levels of 5-HMF, such as the sugar profile, presence of organic
acids, pH, moisture content, Aw and floral source. Therefore, the
5-HMF content gives only an indication of overheating or inade-
quate storage conditions. In addition, 5-HMF can also be formed
at low temperatures, even under acidic conditions, for subsequent
dehydration reactions of sugars (Barra et al., 2010; Castro-Vázquez
et al., 2007; Tornuk et al., 2013; Wang et al., 2009).

High 5-HMF content in honeys may also be an indication of fal-
sification by adding invert syrup, because 5-HMF can be produced
by heating sugars in the presence of an acid to the inversion of
sucrose (Capuano & Fogliano, 2011; Yücel & Sultanoglu, 2013).

4.7. Diastase activity

Diastases (a-and b-amylases) are enzymes naturally present in
honey. Diastase content depends on the floral and geographical
origins of the honey. Its function is to digest the starch molecule
in a mixture of maltose (disaccharide) and maltotriose (trisaccha-
ride). They are sensitive to heat (thermolabile) and consequently
are able to indicate overheating of the product and the degree of
preservation (Ahmed et al., 2013). Similar to 5-HMF, the diastatic
activity can be used as an indicator of aging and increase temper-
ature because the diastatic activity may be reduced during storage
or when the product is subjected to heating above 60 �C (Yücel &
Sultanoglu, 2013).

The diastatic activity corresponds to the activity of the enzyme
present in 1 g of honey, which can hydrolyze 0.01 g of starch in 1 h
at 40 �C, expressed as the diastase number in Göthe units (Ahmed
et al., 2013). The current law stipulates a minimum value of
8.00 Göthe units. However, honeys with naturally lower diastase
activity tolerate a minimum of 3 Göthe units if honeys have up to
15 mg kg�1 of 5-HMF (Codex Standard forHoney, 2001). The content
of diastase activity in honey may vary. The differences in enzyme
content present in honeys may vary depending on the age of the
bees, thenectar collectionperiod, thephysiological periodof the col-
ony, the large quantity of nectar flowand its sugar content because a
high flow of concentrated nectar leads to a lower enzyme content
and pollen consumption (Oddo, Piazza, & Pulcini, 1999).

Honeys with a lower enzyme content are produced from young
nectars in early spring. They have a low enzyme concentration
caused by a low concentration of nectar and higher sugar content
with reduced activity of the bees during their growth (Vorlova &
Pridal, 2002). Anton and Denisow (2014) evaluated the nectar
crossing the floral sexual phases. The authors noted that the com-
plete absence of glucose Aconitum lycoctonum nectar can be the
result of the differences in enzyme activity, including nectar inver-
tase, which probably differs from Aconitum carmichaelii. According
to the author, metabolic and/or enzymatic pathways can vary even
between phylogenetically related genera and such seemingly lar-
ger differences than previously thought.



Table 1
Compilation of articles on honeybees Apis mellifera L. from different continents regarding the identity and quality parameters.

Continents/countries Sugars (g 100 g�1) Moisture
(g 100 g�1)

Free acidity
(meq kg�1)

Electrical
conductivity
(lS cm�1)

Color (Pfund scale) 5-Hydroxymethylfur
fural (5-HMF)
(mg kg�1)

Diastase
activity
(Göthe units)

References

Fructose Glucose Sucrose

European/Spain 37.75–41.40 28.80–37.30 0.15–1.43 15.40–17.38 20.10–35.20 0.24–0.99 Light amber–dark amber 5.36–15.00 11.50–45.80 Manzanares et al.
(2014)

European/Spain,
Romania, and
Czech Republic

39.30–49.20 26.80–38.30 0.60–2.20 15.30–17.50 – 0.17–0.80 Water white–light amber 3.30–23.40 8.70–19.10 Juan-Borrás,
Domenech,
Hellebrandova,
and Escriche
(2014)

European/Greece – – – 10.47–20.47 22.31–41.54 0.81–1.75 L: 60.78–72.74 (dark honeys);
a: �5.05 to �1.95;
b: 13.35–30.30

– – Karabagias et al.
(2014)

African/Morocco 39.44–42.42 29.25–33.08 0.47–1.86 14.64–18.59 10.69–30.74 0.31–1.12 White–dark amber 7.16–30.43 6.05–19.10 Chakir et al. (2011)

African/Tunisia 35.78–37.84 31.07–36.58 n. d. –4.60 17.27–19.80 7.11–27.20 0.39–0.89 L: 36.64–51.37 (dark honeys);
a: �0.67 to 4.41;
b: 6.06–17.67

12.07–27.43 – Boussaid et al. (in
press)

Asian–European/
Turkey

29.80–44.49 25.93–35.98 2.85–8.44 7.99–17.40 3.86–30.42 – L: 8.88–18.54 (dark honeys);
a: 2.64–8.04;
b: 11.50–23.56

0.00–4.12 – Tornuk et al.
(2013)

Asian/Indian 43.30–65.50 0.40–8.80 17.20–21.60 – 0.33–0.94 L: 26.3–36.8 (dark honeys);
a: 0.12–4.9;
b: 0.7–14.4

– – Saxena, Gautam,
and Sharma (2010)

American/Argentina 67.70–73.5 0.40–5.6 14.10–18.80 9.00–36.8 0.12–0.68 Extra white–dark amber 4.00–26.30 – Isla et al. (2011)

American/Uruguay – – 16.60–18.61 – 0.41–0.99 Extra light amber–amber 5.25–13.40 – Corbella and
Cozzolino (2006)

American/Brazil 33.30–38.60 21.00–26.35 0.12–0.50 17.10–20.50 23.60–45.50 – – 2.80–7.40 10.55–12.40 Moreira, Maria,
Pietroluongo, and
Trugo (2007)
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Another honey with low diastase activity occurs when honey-
bees are fed artificially. Guler et al. (2014) conducted a study in
which the bees were fed with a commercial glucose. The authors
found that bees may not be fed glucose in excessive amounts, as
this may have promoted an enzyme deficiency (especially diastase)
which are used to convert glucose and fructose.

As these honeys contain low diastase activity, it is essential that
they contain a maximum of 15 mg kg�1 of 5-HMF, because as dias-
tase activity is low, it is necessary to prove that honey has not
undergone heat treatment or prolonged storage.

4.8. Physical–chemical characteristics of honeys A. mellifera L. from
different continents

The identity and quality parameters of honey are analyzed by
several authors in honey samples from different continents world-
wide. The quality and authenticity of food perform an important
role for both consumers and producers around the world. For
honey, authenticity is related to the determinations of geographi-
cal and floral origins and the detection of unauthorized substances.

Table 1 shows a compilation of articles on the physico-chemical
characteristics of honeys from Apis mellifera L. from different con-
tinents. As seen in this table, the honeys from different continents
presented similar values and they are in accordance with the law
for reducing sugars. European, Asian and American honeys pre-
sented values above those permitted by the Codex Alimentarius
Committee on Sugars (2001) for moisture content, but Asian hon-
eys also had the lowest moisture content, with a value of 7.99 g
100 g�1. Regarding free acidity, the honey of all continents had val-
ues below those allowed by the Codex Alimentarius Committee on
Sugars (2001). The African and Asian continents had the lowest
free acidity values compared to European and American conti-
nents. All continents described in Table 1 presented values above
those permitted by the Codex Alimentarius Committee on Sugars
(2001) for electrical conductivity. The European, American and
Asian continents presented darker honeys, however, the American
continent also presented the lighter honeys. Regarding 5-HMF, the
African and American continents showed the highest values, but
even so, every continent showed 5-HMF values below the level
stipulated by law. Concerning diastase activity, although few arti-
cles reported their values, the European continent had the highest
values in the presence of this enzyme and the African continent
presented honeys with values below those stipulated by law.

5. Conclusions

Currently, most studies that provide information on Apis mellif-
era L. honeybees are directly related to the identity and quality
parameters, there are not many studies that analyze the stability
of chemical compounds present in the honey during storage.
Therefore, further research is needed to inform a control system
that evaluates maintenance of the characteristics and levels of
these compounds provided by honey to human nutrition and
health. The approach for chemical markers that can help in the
maintenance of honey can facilitate the control of possible degra-
dation. The degradation process can occur due to prolonged stor-
age conditions and can provide a robust data concerning shelf
life, thereby increasing the levels of security in quality, generating
reliability for consumers, and ensuring honey consumption devoid
of toxic compounds for human health.
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