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Abstract:
organic and inorganic constituents. The composition of honey is strongly influenced by both natural and anthropogenic
factors, which vary based on its botanical and geographical origins. Although minerals and heavy metals are minor

Honey is a popular natural food product with a very complex composition mainly consisting of both

constituents of honey, they play vital role in determining its quality. There are several different analytical methods used to
determine the chemical elements in honey. These methods are typically based on spectroscopy or spectrometry techniques
(including atomic absorption spectrometry, atomic emission spectrometry, inductively coupled plasma mass spectrometry,
and inductively coupled plasma optical emission spectrometry). This review compiles available scientific information on
minerals and heavy metals in honey reported from all over the world. To date, 54 chemical elements in various types of
honey have been identified and can be divided into 3 groups: major or macroelements (Na, K, Ca, Mg, P, S, Cl), minor
or trace elements (Al, Cu, Pb, Zn, Mn, Cd, T1, Co, Ni, Rb, Ba, Be, Bi, U, V, Fe, Pt, Pd, Te, Hf, Mo, Sn, Sb, La, I, Sm,
Tb, Dy, Sd, Th, Pr, Nd, Tm, Yb, Lu, Gd, Ho, Er, Ce, Cr, As, B, Br, Cd, Hg, Se, Sr), and heavy metals (trace elements
that have a specific gravity at least 5 times higher than that of water and inorganic sources). Chemical elements in honey

samples throughout the world vary in terms of concentrations and are also influenced by environmental pollution.

Keywords: composition, heavy metals, honey, minerals, trace elements

Introduction

Honey is a sweet natural product produced by honey bees (Apis
mellifera) that collect the nectar from flowers and convert it into a
delicious food product that is known to be a more health beneficial
nutritional option than plain sugar (Vanhanen and others 2011). It
is mainly composed of fructose and glucose (65%) as well as water
(18%), with minimal protein and lipid contents (Khalil and others
2001; Silva and others 2009). Honey also contains minerals and
heavy metals, which play important roles in determining honey
qualities. The mineral content varies, ranging from 0.04% in pale
honeys to 0.20% in darker honeys (Bogdanov and others 2007).
The major minerals are mainly derived from the soil and nectar-
producing plants, but they may also come from anthropogenic
sources, such as environmental pollution. It has been reported that
micro- or trace minerals originating from organic or plant sources
are important for maintaining human health, while those which
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originate from inorganic or metallic sources, such as heavy metals,
can be toxic (Hernindez and others 2005; Pohl 2009).

Honey’s composition and properties depend on the botanical
origin of the nectar or the bee secretions. The geographic and
plant origin of honey is usually determined by using several tech-
niques. Some of these techniques include the melissopalynological
method (Anklam 1998), gas chromatography-mass spectrometry
(Bianchi and others 2005), electronic nose technology (Lammer-
tyn and others 2004), or quantification of selected chemical pa-
rameters (Anklam 1998; Conte and others 1998; Anupama and
others 2003). Due to technological advancements, the determina-
tion of inorganic compounds in honey has become simpler, faster,
and more economical.

Honey has various nutritional, medicinal, and prophylactic (pre-
ventative) properties contributed by its various chemical con-
stituents. Nevertheless, in order to yield medicinal effects, honey
should be free of any contaminants. Due to this fact and honey
utility as a natural, effective, and pleasant sweetener, there is an in-
creasing interest in the study of honey (Mckee 2003). Honeybees
are estimated to forage on plants growing over a relatively large
area (more than 7 km?) and, when going from flower to flower,
they are also in contact with air, water, soil, branches, and leaves.
Therefore, honey is the result of a bio-accumulative process that is
useful for collecting information about the environment and may
be considered as a bio-indicator of environmental pollution (Bratu
and Georgescu 2005). Honey has also been used as an indicator
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Minerals and trace elements in honey ...

for a variety of environmental contaminants, including heavy met-
als, low-level radioactivity, and pesticides (Nalda and others 2005;
Bogdanov and others 2007).

Although different types of honey have been used since ancient
times for diverse purposes, there are a considerable number of sci-
entific data on the types and concentrations of minerals and heavy
metals in honey, however, bitterly scattered. This review is aimed
at reporting the information on the physicochemical properties of
honey, particularly the mineral and heavy metal contents, from the
past 15y (2000 to 2014) and from countries all over the world, and
at evaluating their importance and their correlations with various
parameters. Broad analysis of these data can be used to promote
more widespread use of honey with special properties. To our
knowledge, this is the first detailed report on the minerals, trace
elements, and heavy metals in honey and their medicinal effects.

Methods of Review

For data collection, Google Scholar, PubMed, and ScienceDi-
rect were independently searched and the full text was accessed via
Univ. Sains Malaysia library. Keywords including honey, physic-
ochemical properties, minerals, trace elements, heavy metals, and
the names of several different countries were applied in the search
strategy.

Honey: its composition and physicochemical properties

According to the definition set by European Union Council
Directive 2001/110/EC, “Honey is the natural sweet substance
produced by the Apis mellifera bees from the nectar of plants or
from the secretions of living parts of plants or excretions of plant-
sucking insects on the living parts of plants which the bees collect,
transform by combining with specific substances of their own,
deposit, dehydrate, store and leave in honeycombs to ripen and
mature.” Honey can be classified according to its origin (such as
nectar or honeydew honeys), mode of production and/or presen-
tation (comb honey, chunk honey, drained honey, extracted honey,
pressed honey, and filtered honey), and as baker’s honey (suitable
for industrial uses or as an ingredient in other foodstufts) (Eu-
ropean Union Council Directive2001/110/EC of 20 December
2001 relating to honey 2002). Honey is the only food sweetener
that can be used industrially without prior processing (Bogdanov
and others 2008), and its production is increasing globally (Ma
2009).

Honey is a concentrated aqueous solution composed of a
mixture of glucose and fructose, but it also contains at least
22 other complex carbohydrates, various amino and organic
acids, proteins, antibiotic-rich inhibine, enzymes, phenol antiox-
idants, aroma compounds, vitamins, minerals, pigments, waxes,
and pollen grains (PGs) (White and Doner 1980). Honey is vis-
cous and acidic in nature, with a pH ranging between 3.2 and
4.5. Because sugars are its main constituents, the physical features
and behavior of honey are attributed to its sugars. Tests conducted
on sugar will indicate its sweetness due to the high sugar content,
with the most plentiful sugar being fructose. Minor constituents
such as flavor compounds, minerals, acids, pigments, and phenols
are largely responsible for defining each specific type of honey
(White and Doner 1980; Ajibola and others 2007; Bogdanov and
others 2008).

The U.S. Food and Drug Act defines honey as “the nectar
and saccharine exudation of plants, gathered, modified and stored
in the comb by the honey bees (Apis mellifera and A. dorsata)
which contain no more than 25% water, 0.25% ash and 8% su-
crose.” This definition was based on a survey published in 1908.
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In a more recent study, the composition of honey based on 490
samples of different floral origins indicated that honey composed of
17.2% moisture, 38.19% fructose, 31.28% glucose, 1.31% sucrose,
and 0.17% ash (White and others 1980). Therefore, an updated
physicochemical composition is given in Table 1, compiled from
approximately 1000 honey samples from all over the world. The
data were found to vary to some extent from those stated by the
Codex standard for honey (Commission 1981).

Mineral content

From a nutritional standpoint, minerals are naturally occurring
inorganic solid substances in the biosphere (including all foods)
found following the degradation of plant and animal tissues (Belitz
and others 2009). They are formed by geological processes (Nickel
1995) and are essential for the regulation of metabolic pathways
in the living body (Gopalan and others 1989). Minerals are di-
vided into 3 groups on the basis of body requirements: (1) major
elements, (2) trace elements, and (3) ultra-trace elements. Major
elements [sodium (Na), potassium (K), calcium (Ca), magnesium
(Mg), phosphorus (P), sulfur (S), chlorine (Cl)] should be present
at >50 mg/d, whereas trace elements [iron (Fe), iodine (I), fluo-
rine (F), zinc (Zn), selenium (Se), cupper (Cu), manganese (Mn),
chromium (Cr), molybdenum (Mo), cobalt (Co), nickel (Ni)] are
required in concentrations of <50 mg/d in human beings (Belitz
and others 2009). The calculated dietary requirements for ultra-
trace elements [aluminum (Al), arsenic (As), barium (Ba), bismuth
(Bi), boron (B), bromine (Br), cadmium (Cd), cesium (Cs), ger-
manium (Ge), mercury (Hg), lithium (Li), lead (Pb), rubidium
(RDb), antimony (Sb), silicon (Si), samarium (Sm), tin (Sn), stron-
tium (Sr), thallium (T1), titanium (Ti), tungsten (W)] are usually
less than 1 pg/g and often present at less than 50 ng/g in the
dry matter of the diet (Nielsen 1984; Belitz and others 2009).
Micro- or trace minerals are useful for good health, especially if
they originate from an organic or plant source. On the other hand,
if they originate from an inorganic or metallic source, they will
have at least 5 times the specific gravity of water and can become
toxic. In this case, they are then known as heavy metals (Ajibola
and others 2012). The scientific literature indicates that Pb, Cd,
Hg, Cr, Cu, Mn, Ni, Zn, and Ag are the most important heavy
metals (Nielsen 1984). Heavy metals are toxic or poisonous at low
concentrations because of their tendency to accumulate in living
organisms (Zugravu and others 2009).

Honey also contains minerals and elements, with their contents
differing in the types and amounts depending on the botanical
and geographical origins of the honey (Vincévica-Gaile 2010).
We have listed 54 minerals reported to be present in honey by
searching for articles on honey published in the last 15 y from
all over the world, which include both major (Na, K, Ca, Mg,
P, S, Cl) and minor elements (Al, Cu, Pb, Zn, Mn, Cd, Tl, Co,
Ni, Rb, Ba, Be, Bi, U, V, Fe, Pt, Pd, Te, Hf, Mo, Sn, Sb, La,
I, Sm, Tb, Dy, Sd, Th, Pr, Nd, Tm, Yb, Lu, Gd, Ho, Er, Ce,
Cr, As, B, Br, Cd, Hg, Se, Sr (Gonzalez Paramas and others 2000;
Birge and Price 2001; Devillers and others 2002; Nanda and others
2003; Tuzen and Soylak 2005; Mendes and others 2006; Bogdanov
and others 2007; Tuzen and others 2007; Baroni and others 2009;
Taha and others 2010; Vincévica-Gaile 2010; Vit and others 2010;
Vanhanen and others 2011; Batista and others 2012; Ruschioni and
others 2013).

A previous study has shown that the total mineral content in
honey is relatively low and generally accounts for 0.1% to 0.2% of
the composition of nectar honeys but can exceed 1% in other types
of honey such as honeydew honeys (Hernandez and others 2005).

2016 © 2015 Institute of Food Technologists®
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Table 1-Composition and physicochemical properties of honey.

Constituents Mean sp@ Range Values compiled from these sources
Moisture (%) 17.90 3.16 13.21-26.50 D'arcy and others (1997); Khalil and others (2001); Terrab
pH 3.96 033 3.40-4.71 and others (2003b); Nalda and others (2005); de Oliveira
Fructose (%) 39.44 211 37.07-2.65 Alves and others (2005); Kiiciik and others (2007);
Sucrose (%) 3.19 3.81 0.36-16.57 Marchini and others (2007); Cantarelli and others (2008);
Glucose (0/0) 28] g 574 1 820_32] 0 Qamer and others (2008), Baroni and others (2009),
Reducing sugar (%) 68.31 651 54.50-77.10 Omafuvbe and Akanbi (2009); Al and others (2009);
Minerals (%) 036 018 011-0.72 Chefrour and others (2009); Marghitas and others (2010);
Total orot 0 o 113 127 022-293 Kahraman and others (2010); Saxena and others (2010);

.o.?j protein (%) 5155 105, 140,905 Alvarez-Suarez and others (2010b); Islam and others
Lipi bcontent (mg/g) 5.20 05.78 40.40-290.00 (2012); Mahmoudi and others (2012); Buba and others
HMF® (mg/kg) 15.49 1243 0.86-39.08 (2013); Belay and others (2013); Mondragén-Cortez and
Vit-C (mg/g) 13.19 7.93 13.19-7.93 others (2013); Moniruzzaman and others (2013); Akhtar
Lactone (meq/kg) 8.57 5.61 1.56-14.87 and others (2014)
Proline content (mg/kg) 873.29 886.57 114.35-2131.47
Diastase activity (DN) 14.27 9.72 0.40-22.08
Electrical conductivity (ms/cm) 0.64 0.40 0.15-1.64
ABS450¢ (mAU; 50 w/v) 834.43 327.75 378.83-1143.71
Free acidity (meq/kg) 3532 28.75 6.45-124.20
Total soluble solids (Brix) 127.70 105.79 78.77-316.92
Refractive index 1.49 0.01 1.48-1.49
Water-insoluble fraction (%, w/w) 15.95 22.46 0.07-31.84
aStandard deviation.

5-(Hydroxymethyl)furfural.
CColor intensity determined by taking absorbance at 450 nm.
Table 2—Major elements, trace elements, and heavy metals in honey.
Element Units Mean SD Range Values compiled from these sources
Na? mg/kg 96.48 80.58 3.23-236.80 Caroli and others é] 999); Gonzalez Paramds and others (2000);
Ka k 424 453. 66-134934 Birge and Price (2001); Conti and Botré (2001); Devillers and
Ca? ngkg 784 32 gg 22 3491 22—2?8908 others (2002); Matei and others (2004); Terrab and others
Mg? mg/kg 7431 163.05 2.18-563.72 (2004a); Tuzen and Soylak (2005); Dag and others (2006);
pa ma/k 8410 4836 28'80-118.50 Dobrinas and others (2006); Fredes and Montenegro (2006);
ca mg/kg 3527 1986 1539-72.20 Conti and others (2007); Roman and others (2007); Osman
e mg/kg 30263 8381 18130-427.2 and others (2007); Tuzen and others (2007); Yarsan and

b 97x9 : ’ ’ : others (2007); Akram (2008); Farooq Khan and Magbool
Fe mg/kg 3034 64.99 0.41-224.00 (2008); Frias and others (2008); Omode and Ademukola
Cube mg/kg 1.99 431 0.05-17.30 (2008); Baroni and others (2009); Zugravu and others (2009);
Znbc mg./kg 933 19.55 0.23-73.60 Taha and thers ()2010);Agbagwa and ot(hers (2)01 1); Mbiri
b _ and others (2011); Vanhanen and others (2011); Atanassova

'S.Sbvc mgitg ?(2)2 gg;‘ mg 82)8 and others (2012); Alvarez-Suarez and others (2012); de

! be mg/kg : : - Alda-Garcilope and others (2012); Perna and others (2012);
Mn? mg/kg 1.42 147 0.00-4.35 Berinde and Michnea (2013); Mondragén-Cortez and others
Seb mg/kg 0.01 0.00 0.01-0.01 (2013); Silici and others (2013); Corredera and others (2014);
Alb mg/kg 512 361 139-11.36 de Andrade and others (2014); Eissa and others (2014);
sib mg/kg 2352 16.13 8.70-40.70 Moniruzzaman and others (2014)
BP mg./kg 5.36 133 4.42-6.30
MoP mg/kg 0.23 0.30 0.01-0.44
Srb mg/kg 1.63 1.03 0.90-2.36
Vb mg/kg 0.03 0.03 0.01-0.05
Tib mg/kg 43.40 17.30 25.00-71.00
Cdbe ng/kg 89.69 129.75 0.17-373.00
Phb.c ng/kg 42457 839.65 0.63-3232.00
CoP ng/kg 171.78 291.72 0.01-800.00
Hgb< 1g/kg 5.09 6.82 0.27-9.91
Crbe 19/kg 152.84 139.74 ND-370.00
Agbe ng/kg 299.61 419.17 3.21-596.00
BeP ng/kg 9.93 0.05 9.83-10.00

aMajor elements.
D Trace elements.

“Trace elements/Heavy metals.
ND, not detected; SD, standard deviation.

Our study indicated that it ranged between 0.11% and 0.72%
(Table 1), with K being present in higher amounts (742.43 mg/kg;
Table 2). Some mineral types cannot be detected in some types
of honey collected from certain areas but are nevertheless available
in other regions. For example, the trace elements Ni and Cr can-
not be detected in Egypt (Taha and others 2010) but are reported
to be present in honey samples from Pakistan (Farooq Khan and
Magbool 2008), Turkey (Tuzen and others 2007; Silici and oth-
ers 2008), New Zealand (Vanhanen and others 2011), Romania

© 2015 Institute of Food Technologists®

(Matei and others 2004), and Spain (Gonzalez Paramas and others
2000; Terrab and others 2004a), which may be attributed to dif-
ferences in soil composition, floral type, and floral density as well
as nectar and pollen (Abu-Tarboush and others 1993; Ferniandez-
Torres and others 2005; Yarsan and others 2007; Santos and oth-
ers 2008). Therefore, honey composition can actually be used
to identify its geographical and botanical sources (Anklam 1998).
Other trace elements (Pb, Cd, Hg, Cu, Mn, Zn, Ag), which
are also heavy metals, play important roles as bio-indicators for
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environmental pollution (Roman and others 2007; Vit and oth-
ers 2010). Overall, the individual amount of minerals and metals
may differ from one honey to another. In this study, we gathered
the recent data from at least 37 original articles from 6 continents
and tabulated the means, SD, and ranges of the reported difter-
ent major elements and minor elements as well as heavy metals

(Table 2).

Minerals and heavy metal contents vary with locations

The amount of different minerals and heavy metals in honey
is largely dependent on the soil composition, as well as various
types of floral plants, because minerals are transported into plants
through the roots and are passed to the nectar and finally into
the honey produced from it (Anklam 1998). In addition to these
factors, the beekeeping practices, environmental pollution, and
honey processing also contribute to the diversified mineral content
found to be present in honey (Pohl 2009). Different studies have
indicated that almost all macrominerals were commonly found in
honeys from all countries, with the exception of Cl, which was
only detected in honey samples from Spain (Gonzilez Paramais and
others 2000).

Among the major and minor elements reported to be present
in honey, K is reported to be present in the highest concentra-
tions (Abu-Tarboush and others 1993; Terrab and others 2004a;
Fernandez-Torres and others 2005; Dag and others 2006; Farooq
Khan and Magbool 2008), followed by Na (Nanda and others
2003; Santos and others 2008; Daniel and others 2011; Mbiri and
others 2011; Moniruzzaman and others 2014), while Mg, Ca,
Fe, Zn, and Cu are present in intermediate amounts (Tuzen and
Soylak 2005; Dag and others 2006; Belouali and others 2008; Vit
and others 2010; Atanassova and others 2012; Mondragon-Cortez
and others 2013). Although the stated amount of minerals found
in honeys is shown in apparently low percentage when com-
pared with other honey constituents, some precise elements are
found in similar or even higher amounts than some common fruits
and vegetables. For instance, from 100 g of honey, 0.4 mg of iron
is achievable, which is higher than that of apples (0.2 mg), cran-
berries (0.2 mg), grapefruits (0.2 mg), kiwis (0.3 mg), mangoes
(0.2 mg), papayas (0.2 mg), pineapple (0.3 mg) (United States
Department of Agriculture 2015). The floral types (botanical ori-
gins) characterize not only the differences between the mineral
and toxic element contents, but also the composition, taste, color,
and flavor of honey (Bogdanov and others 2008; Silva and others
2009).

Honey may be monofloral or the more common polyfloral
type (Silici and others 2008). Mono-floral honey originates from
areas in temperate climatic zones (especially from species such as
heather, linden, buckwheat, or clover) to tropical climatic zones
(from species such as orange acacia, chestnut, rhododendron, eu-
calyptus, and rosemary) (Devillers and others 2002; Fernindez-
Torres and others 2005; Silici and others 2008). Toxic trace ele-
ments or heavy metals have been reported to be found in higher
concentrations in honeys found in close proximity to certain in-
dustrial areas (Bratu and Georgescu 2005). Similarly, traffic-related
pollution and chemical-intensive agriculture, which contaminate
the air, water, and soil can also contribute to the increasing lev-
els of these elements in honey (Street and others 2009; Silici and
others 2013). Higher Pb concentrations (up to 2370 mg/kg) were
detected in honey samples collected from contaminated areas in
Italy (D’ambrosio and Marchesini 1982). In another study, the
highest concentrations of Pb, Cd, and Cr reported to be present
in honey were 45.0, 630, and 102 mg/kg, respectively, which
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were higher than the tolerable intake levels (Conti and Botre
2001).

Initially, Batista and others (2012) reported that honey samples
from Brazil contained 42 chemical elements (toxic and essential
elements) in which some unique components such as Pd, U, TI,
Te, Hf, Sn, Sb, La, I, Sm, Tb, Dy, Sd, Th, Pr, Nd, Tm, Yb, Lu,
Gd, Ho, Er, Ce, and C were reported to be present. Another study,
however, indicated that 32 chemical elements were found in hon-
eys from several European countries (Vincévica-Gaile 2010). The
summarized major and minor elements, as well as heavy metals
commonly found in different countries on several continents, are
as reporteds in Table 3 and 4.

Significance of minerals and heavy metals in honey

Honey as food and medicine has many nutritional and medic-
inal benefits (Ajibola and others 2012). As honey is a source of
nutrients in low quantities, it would be advisable for adults to
take honey in larger quantities (70 to 95 g/d) to obtain the com-
plete desired nutritional benefits (Al-Waili 2004; Yaghoobi and
others 2008; Miinstedt and others 2009). In a comparative study
on the importance of honey relative to sucrose in children’s nu-
trition, honey ingestion led to the development of hematological
profiles and calcium uptake, lighter and thinner bowel contents,
better skin color, and improved digestion, and the honey con-
tributed to steady weight gain and reduced disease susceptibility
(Alvarez-Suarez and others 2010a). Analysis of honey composition
(Table 1) indicates that minerals and heavy metals are important
constituents and play specific roles in human health. A study ob-
served that the growth of rodents following honey feeding was
significantly high due to bone growth and mineralization (Chep-
ulis and Starkey 2008). Ca is an essential mineral because of its
important contribution to several biological functions in the car-
diac, nervous, and musculoskeletal systems, including contributing
to the formation of bone and teeth. Furthermore, Ca is involved
in mineral homeostasis and physiological performance as well as
acting as a cofactor for many enzymes (Theobald 2005; Huskisson
and others 2007; Morgan 2008).

Another study showed that honey is beneficial to individuals
suffering from anemia because it helps to improve hemoglobin
concentration, to increase erythrocyte count and to elevate hema-
tocrit level. The researchers also attributed this ability to the pres-
ence of Fe in honey as well as the increased immunity found in
honey eaters (Ajibola and others 2007). In an electron microscopy
and microhardness study, honey consumption was safer and pro-
vided a better environment for oral health when compared with
drinking fruit juice (Grobler and others 1994). It was reported
that drinking fruit juice erodes the tooth enamel in just 10 min
after consumption, while erosion of teeth was not prominent or
visible even up to half an hour after honey consumption. It is
plausible that honey constituents such as calcium, fluoride, phos-
phorus, and other colloidal honey components confer a protective
role, thus making honey less cariogenic. Another important point
is that Na plays a vital role in the maintenance of optimum blood
pressure, kidney function, and nerve and muscle functions (Hall
2003; Sobotka and others 2008). The presence of K needs to
be in balance with the circulatory system like Na, and K also
assists in nerve functions, heart activity, and muscle contraction
(Ko and others 2008; Lambert and others 2008; Sobotka and
others 2008). Another key mineral in honey is Mg, which acts
as cofactor for up to 300 enzymes most of which are related
to antioxidant reactions. Mg deficiency contributes to aging and
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age-related disorders (Durlach and others 1998; Huskisson and
others 2007).

Trace elements are helpful when present in optimum concentra-
tions, but at higher concentrations of trace elements (heavy metals)
contribute to toxicity in humans. The toxicity occurs due to the
inability of the heavy metal to be metabolized by the body, lead-
ing to accumulation in human or animal soft tissues without being
fully inactivated or destroyed (Ajibola and others 2012). Health
problems caused by heavy metals include headaches, metabolic
abnormalities, respiratory disorders, nausea, and vomiting. For in-
stance, Pb can cause damage to the brain, kidney, nervous system,
and red blood cells (Garci-Fernandez and others 1996). Accord-
ing to the Agency for Toxic Substances and Disease Registry, the
most hazardous heavy metals include As, Pb, and Cd. As and Cd
poisonings are comparatively less common with honey, because
of lower use, but contamination with Pb is frequently reported
(Bogdanov 2006). Other heavy metals in honey include Cr, Zn,
Hg, Mn, and Ag, all of which are toxic to human health, and they
play important roles as bio-indicators of environmental pollution
(Gonzalez Paramis and others 2000; Celli and Maccagnani 2003;
Vit and others 2010).

Determination of different minerals using different
techniques

A number of techniques are used to determine chemical ele-
ments, such as minerals, metals, and nonmetals, at low concen-
trations in honey samples. Difterent studies on detecting minerals
and heavy metals in honey samples have utilized spectrometry and
several other instrumental methods. These analyses are important
to determine the nutritional value and also the potential effect
of honey on human well-being, and they can be called upon to
ensure the general safety and purity of honey. However, analysis of
minerals in honey is challenging due to the complex organic mat-
ter of the matrix (Ajtony and others 2007). The commonly used
techniques are flame emission spectrometry, flame atomic absorp-
tion spectrometry, inductively coupled plasma optical emission
spectrometry, and inductively coupled plasma mass spectrometry.
In some cases, ethylenediaminetetraacetic acid titration or pre-
cipitation titrations are used to identify Ca and Ag, respectively
(Table 5).

There are also some reported marginal uses of ion chromatogra-
phy (Buldini and others 2001), total reflection X-ray fluorescence
spectrometry (Kump and others 1996; Golob and others 2005),
potentiometric stripping analysis (Mufioz and Palmero 2006), and
anodic stripping voltammetry (Khammas and others 2012). How-
ever, the application of these diverse techniques is dependent on
instrumental availability in the laboratory. Although different pro-
cesses can determine the aforementioned elements, they differ in
speed, precision, sensitivity, specificity, and accuracy (Table 5).
Acid digestion is usually required in these analyses for honey sam-
ple preparation. Then, the absorption of radiation is measured at
specific wavelengths corresponding to the mineral of interest. The
instruments must be calibrated and standardized using relevant
working standards. The concentrations of the individual elements
are then measured after the instrument is accurately calibrated.

Color correlation between minerals and honey

The appearance of food is one of the factors that defines its
quality and is actually a consumer’s first impression. As a part of ap-
pearance, color has to meet consumer expectations and be within
a critical range. Honey varies in color, ranging from white or pale
yellow to dark red or even black. According to the USDA (1985),
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honey samples with Pfund values of less than 8 mm are categorized
as “water white,” between 9 and 17 mm as “extra white,” between
18 and 34 mm as “white,” between 35 and 50 mm as “extra light
amber,” between 51 and 85 mm as “light amber,” between 86 and
114 mm as "amber,” and greater than 114 mm as “dark amber.”
Honey color mainly differs based on its floral origin, industrial
processing methods, temperature, and storage duration (Salas and
others 1993; Gonzales and others 1999). Some studies have con-
sidered that, in addition to the mineral content, the morphology
and color of PGs (Terrab and others 2004b) in honey also have
some effects on honey color and even taste (Gonzilez-Miret and
others 2005).

The mineral composition of honey also correlates with its color
(Downey and others 2005; Gonzalez-Miret and others 2005; Pohl
2009). Dark and amber honeys (avocado, chestnut, honeydew,
heather) contain higher amounts of certain major, minor, and
trace metals (such as Al, Ca, Cd, Cu, Fe, K, Mg, Mn, Na, Ni, Zn)
when compared to pale-colored honeys (Gonzalez-Miret and oth-
ers 2005; Nalda and others 2005; Osman and others 2007; Pisani
and others 2008). Amber light honeys (eucalyptus and thyme hon-
eys) have shown rather intermediate quantities of total minerals.
Interestingly, the darker-colored honeys have been reported to be
mostly associated with higher concentrations of Cd, Fe, and Pb,
whereas light- and brown-colored honeys are related to Al and Mg
concentrations (Gonzilez-Miret and others 2005). Several studies
have indicated that darker honeys (such as avocado, chestnut, hon-
eydew, and heather) contain higher levels of minerals (between 13
and 1879 mg/kg), which correlates with other studies performed
on Spanish, Italian, and Moroccan honeys (Rodriguez-Otero and
others 1994; Poiana and others 1996; Terrab and others 2003a).
Lighter honeys (citrus, rosemary, and lavender) have lower lev-
els of minerals (542, 588.5, and 672 mg/kg), and amber light
honeys (eucalyptus and thyme) have medium quantities of total
minerals (921 and 983 mg/kg, respectively; Figure 1).

Mineral levels in honey are correlated with its electrical
conductivity (EC)

EC is the measure of the amount of electrical current that a
material can carry. Honey is a mixture of water, minerals, acids,
and mainly organic materials and is measured for its EC, which
indicates the mineral and acid contents in a honey sample (Kropf
and others 2008). There is a relationship between both the ash
(minerals) and acid content of honey and its EC. The higher the
concentration of minerals is, the greater the EC values (Louveaux
and others 1973; Bogdanov and others 2007; Kropf and and oth-
ers 2008; Silva and others 2009; Pohl 2009). Kropf and others
(2008) demonstrated a linear regression model for the relationship
between ash and EC for Slovenian honey using 290 samples (in-
cluding acacia, lime, chestnut, spruce, fir, multifloral, and mixed
forest honeydew honeys).

Another study performed by Bogdanov and others (2007) also
revealed significant positive correlations between the EC and most
of the mineral elements (with the exception of Pb and Cr) on the
basis of an examination of 95 honey samples from production
areas in Switzerland. As mineral content determines botanical ori-
gins and the color of honey, individual mineral measurements can
be replaced by EC. For example, lighter honeys usually contain
fewer elements than darker ones and, consequently, the value of
K is lower in light honeys than in dark ones. In addition, EC,
along with measurement of the trace elements Ni, Fe, Mn, and
Cd, could be used for the classification and isolation of uniflo-
ral honeys from polyfloral honeys (Bogdanov and others 2004).
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Table 5-Determination of different elements using various techniques.

Method Elements References
Flame emission photometry or Na, K, Ca, Li Mbiri and others (2011)
spectrometry (FES)

Inductively coupled plasma optical
emission spectrometry (ICP—OES)

Inductively coupled plasma mass
spectrometry (ICP-MS)

Flame atomic absorption

Na, K, Ca, Li, Mg, Fe, Zn, Mn, Cu, Al, Cd, Co, Cr, Ni, Pb

Al, Cu, Pb, Zn, Mn, Cd, Tl, Co, Ni, Rb, Ba, Be, Bi, U, V,
Fe, Pt, Pd, Te, Hf, Mo, Sn, Sb, P, La, Mg, |, Sm, Tb,
Dy, Sd, Th, Pr,Nd, Tm, Yb, Lu, Gd, Ho, Er, Ce, Cr

Na, K, Ca, Li, Mg, Fe, Zn, Hg, Mn, Cu, Cd, Co, Cr, Ni, Pb

Caroli and others (1999); Devillers and others
(2002); Fernéndez-Torres and others (2005);
Dobrinas and others (2006); Belouali and others
(2008); Cantarelli and others (2008); Akram
(2008); Leblebici and Aksoy (2008); Demirezen
and Aksoy (2010); Akbari and others (2012);
Ruschioni and others (2013)

Caroli and others (1999); Bogdanov and others
(2007); Musgrove and others (2010); Batista and
others (2012)

Osman and others (2007); Farooq Khan and

spectrometry (FAAS)

Electrothermal atomic absorption

spectrometry (ET-AAS)

Graphite furnace atomic absorption Cd, Pb
spectrometry (GF-AAS)

Hydride generation-atomic As, Hg

fluorescence spectrometry

Fe, Zn, Mn, Cu, Al, Cd, Co, Cr, Ni, Pb

Magbool (2008); Omode and Ademukola (2008);
Belouali and others (2008); Agbagwa and others
(2011); Mbiri and others (2011); Nigussie and
others (2012); Taha and Ali (2012); Saghaei and
others (2012); Ahmida and others (2013);
Grembecka and Szefer (2013); Ru and others
(2013); Moniruzzaman and others (2014); Akhtar
and others (2014)

Vinas and others (1997); de Andrade and others
(2014)

Silici and others (2013); Ru and others (2013)

Mufioz and others (1999); Mbiri and others (2011);
Ru and others (2013)

(HG-AAS)
lon chromatography Fe, Cu, Zn, Pb, Cd, Co Buldini and others (2001)
EDTA titration Ca, Mg Farooq Khan and Magbool (2008)
Mineral content correlates with color in honey
Thymus | 983.08
® Darker
Rosemary | 588.59
o Amber light
Lavender | 672 honeys
g Honeydew 1368  Lighter
>
> Heather 1340
S
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Citrus 542
Chestnut 1612
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0 500 1000 1500 2000
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Figure 1-Reported concentrations of minerals and metals in darker honeys (avocado, chestnut, honeydew, and heather honeys) compared to amber
light honeys (eucalyptus and thyme honeys) or lighter honeys (citrus, rosemary, and lavender honeys).

Currently, EC is one of the most beneficial quality parameters and
has been included in the new international standards for honey
(Commission 1981; Alimentarius 2001).

Correlation of mineral concentrations in honey with the age
of honeycombs

The mineral contents in honey depend on not only botani-
cal origin (Abu-Tarboush and others 1993; Anklam 1998; Nanda

© 2015 Institute of Food Technologists®

and others 2003; Ferniandez-Torres and others 2005; Bogdanov
and others 2007), geographical origin, and environment condi-
tions (Anklam 1998; Gonzalez Paramis and others 2000; Bratu
and Georgescu 2005; Bogdanov and others 2007; Kropf and oth-
ers 2010), but also the length of storage (Badei and Shawer 1986)
and the age of the honeycombs (Taha and others 2010). Hon-
eycombs are masses of hexagonal wax cells built by honey bees
to store honey and pollen, and also contain their larvae. Taha and
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others (2010) showed the levels of K, Na, Ca, Mg, Fe, Zn, Pb, and
Mn in clover honey significantly depended on the age of combs.
They observed significant (P < 0.01) positive correlations between
all determined mineral elements in clover honey with the age of
honeycombs. They found the highest mineral values in honey
and wax from combs more than 4 y old. Ni was not detected in
younger combs, but in combs more than 4 y old, the content was
1.00 mg/kg. Taha and El-Sanat (2007) found the color intensity
and the EC of honey significantly correlated to the age of the
comb. The color intensity and the EC of honey increases with a
rise in mineral level (Lynn and others 1936; Gonzilez-Miret and
others 2005; Kropf and others 2008). These results are similar to
those of another study performed by Bogdanov and others (2007)
who established significant positive correlations between chemi-
cal elements (Fe, Zn, Mn, and Pb) in honey and the age of the
honeycomb.

Mineral contents: honey antioxidant activity

Free radicals are atoms, molecules, or ions having one or more
unpaired electrons and are very reactive and toxic to cells (Surai
2003). The harmful effects of free radicals are lessened by the
body’s antioxidant defenses. These defense mechanisms against
free-radical damage usually involve vitamin C, vitamin E, and beta-
carotene (and other carotenoids) as the main vitamin antioxidant
sources. Furthermore, several metal-containing enzymes, which
include glutathione peroxidase (Se), catalase (Fe), and superoxide
dismutase (Zn, Cu, and Mn), are also critical in defending the
internal cellular components from oxidative damage (McDowell
and others 2007). The dietary and tissue balance of all these nu-
trients (vitamins and trace elements) are important in protecting
tissues against free-radical damage as well as participating in im-
mune functions. However, when there is a lack of equilibrium
in the organism between the production of free radicals and the
antioxidant protective activity, then an “oxidative stress” condition
is developed (Bogdanov 2011).

A varied range of elements is present in honey, many of which
are known to have antioxidant properties. The naturally occurring
antioxidants present in honey are flavonoids, phenolic acids, and
some enzymes (such as glucose oxidase, catalase), ascorbic acid,
carotenoid-like substances, organic acids, Maillard reaction prod-
ucts, amino acids, and proteins (Gheldof and others 2002; Aljadi
and Kamaruddin 2004; Nagai and others 2006; Pérez and oth-
ers 2007; Vela and others 2007; Khalil and others 2011; Alam
and others 2014). Pernaet and others (2012) showed that there
was a statistically significant correlation (P < 0.05) between metal
content and both total phenolic and antioxidant activities, based
on 78 samples of southern Italian honeys from 5 different floral
origins (chestnut, eucalyptus, citrus, multifloral, and sulla). They
observed correlations between total phenolic and Co, Cr, Fe, Pb,
and Zn contents (r= 0.34, 0.48, 0.58, 0.37, and 0.38, respectively).
They also showed that the correlation coefficients between total
flavonoid and metal contents were low and not significant, except
for the correlations between total flavonoid and both Co and Fe
contents, with r = 0.22 (P <0.05) and 0.42 (P < 0.001), respec-
tively. Another study by Ferreira and others (2009) concluded that
dark honey had better antioxidant activity and phenolic content
than the other studied honey (amber and light) samples. From the
above studies, it can be concluded that with an increase in metal
content in honey (color intensity is positively correlated with metal
content in honey), there is an increase in its antioxidant properties.
There is a significant relationship between the mineral contents
and antioxidant properties of honey, but the necessary data are not
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Figure 2—-Schematic overview of natural and anthropogenic sources of
heavy metal pollutants in honey which can influence honey composition.

currently available. Therefore, appropriate studies are warranted
to verify and support this correlation.

Honey as a bio-indicator of environmental pollution

Honey’s composition, flavor, and aroma are derived from the
plant utilized by the bees, as well as regional and climatic condi-
tions (Singh and Bath 1997; Mendes and others 1998). Therefore,
the specific composition of honey and the possible presence of
contaminants are also dependent on the crops surrounding the bee-
hives (Kujawski and Namiesnik 2008; Aliferis and others 2010).
The bees are considered biological indicators due to their im-
portant morphological, ecological, and behavioral characteristics.
They act as detectors of environmental pollution in 2 ways: (1)
high mortality rates in the presence of toxic molecules and (2) the
presence of residues in honey, pollen, and larvae due to the ex-
cessive existence of heavy metals, fungicides, and herbicides that
are normally harmless to bees (Samimi and others 2001; Celli
and Maccagnani 2003). Therefore, honey can be considered as a
bio-indicator for assessing the possible presence of environmental
pollutants like heavy metals (Conti and Botré 2001; Przybytowski
and Wilczynska 2001).

The heavy metals present in honey may be of environmental
origin (soil, water, and air) or result from various anthropogenic
activities such as agricultural practices, industries nearby, and waste
dumps (Figure 2) (Przybylowski and Wilczynska 2001; Stankovska
and others 2008; Pohl 2009; Vincévica-Gaile 2010). Many studies
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have shown that there is a direct relationship between the heavy
metal contents in honey samples and the industry-related environ-
mental pollution in the area from which the honey is harvested.
For example, the city of Baia Mare and its surroundings are known
as one of the most polluted areas with heavy metals both in Ro-
mania and worldwide, and Cu, Zn, Cd, and Pb are the main
industrial pollutants there. Berinde and others (2013) investigated
the honey samples harvested from that area and revealed a positive
correlation between the metal contents in honey and those in the
air, settling dust, and soils from that region. Cimino and others
(1984) showed the effects of volcanic activity on honey, while
Jones and others (1987) successfully established the potential use
of honey as an indicator of trace elements in the United Kingdom.

In fact, chemical wastes and exhaust fumes emitted or produced
by the mines and steelworks, industrial and urban areas, or highway
vehicles near the bees’ foraging area have been shown to increase
the concentrations of certain metals in honey (Cd, Al, Ca, Ba, Cu,
Mn, Ni, Pb, Zn, or Pd) (Uren and others 1998; Przybytowski and
Wilczyniska 2001; Bratu and Georgescu 2005; Tuzen and others
2007; Stankovska and others 2008) depending on the type of
flowers visited by the bees. For instance, honeys produced from
the nectar of pungent plants are categorized by high concentrations
of heavy metals because these plants tend to concentrate pollutants
more easily than herbaceous plants. In addition, honeys derived
from caduceus trees usually contain fewer pollutants than honeys
of other botanical origins (Devillers and others 2002). Honey can
also be contaminated during its processing by the beekeepers, by
equipment and tools used, and by the process itself. Materials such
as aluminum, stainless steel, and galvanized steel used in tools and
equipment for the processing of honey may release some polluting
metals (including Al, Cd, Co, Cr, Cu, Fe, Pb, Ni, and Zn) into
honey (Uren and others 1998; Gonzilez Paramis and others 2000;
Santos and others 2008; Stankovska and others 2008; Tuzen and
Soylak 2009).

Future Directions

The analysis of minerals and heavy metals in honey gives an
indication of its geographical and botanical origins, as well as types,
source, and degree of contamination, and also an overall measure
of honey purity. Such information, where displayed, can help
consumers make informed decision when purchasing honey and
also help beekeepers to avoid possible contamination. In addition,
honey can be used as a monitor of environmental pollution in an
area. Heavy metals in honey indicate the level of pollution and
the type of toxic metals, which could assist regulatory agencies in
taking proper measures for environmental protection. Moreover,
the minerals in honeys have medicinal and nutritional value that
correlates with antioxidants and antioxidant activities. Considering
these benefits, future studies are needed to obtain more extensive
data from honey samples from all over the world to emphasize
honey’s medicinal and nutritional properties.

Interest in the analysis of the mineral and heavy metal contents
in honey has been increasing to demonstrate their nutritive roles
and correlate the data with some important antioxidant parame-
ters. Different studies from all over the world have reported on
the huge number of minerals containing heavy metals, with the
common objective of characterizing various types of honeys to
ensure their safety. Such information is important to guide honey
production away from areas near highways, railways, and volcanic
emissions and into areas, where the environment is clean. This
information will also help in selecting the equipment used in the
processing and storing of honey after harvesting, as this equipment

© 2015 Institute of Food Technologists®

can be a possible source of product contamination with heavy met-
als. In addition, such information can assist in the development
of a quality control protocol for maintaining the honey trade in
local and international markets. This would help to prevent health
problems associated with honey toxicity, especially poisoning
with As, Cd, and Pb. Furthermore, minerals in honey corre-
late with color, EC, storage time, and even antioxidant activities.
Therefore, determination of the mineral contents in honey will as-
sist consumers in choosing a honey of interest based on its quality.
It can also encourage local consumption as well as provide more
income to the producing country. Additionally, to ensure its high
quality and purity, it would be interesting to establish appropriate
techniques to remove toxic contaminants and heavy metals from
honey.

Conclusion

Honey consumption, as a nutraceutical agent, is associated with
various nutritional benefits and therapeutic potential. The bio-
logical activity of honey is affected by its complex and crucial
components. The composition of honey is strongly influenced
by both natural and anthropogenic factors, which vary based on
botanical and geographical origins. Although minerals and heavy
metals are minor constituents of honey, they play vital roles in
determining honey quality. Chemical elements in honey samples
throughout the world vary in terms of concentrations and are also
influenced by environmental pollution.
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