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Summary
The aim of this study was to examine the minerals content (toxic elements, macro-elements, and 

trace elements) of Basilicata region (southern Italy) honeys and compare the mineral profile of 

honeys classified as rural, industrial, and urban according to anthropic characteristics of 

geographical origin. Overall, Ca, Na, Mg, Fe, Al,  Zn, and Mn were the most abundant elements 

detected in honeys, with average contents exceeding 1 ppm; whereas, heavy metals content was 

lower than the maximum limit established for honey. Statistical analysis revealed significant 

differences (P<0.05) among honeys as function of anthropic characteristics of geographical origin, 

with the exception for Se, Co, and Ag content. Industrial honeys were characterized by the highest 

Zn, Cr, Sn, Cd and Pb content, urban honeys showed the highest As, Fe, Ni, Mn, Na, Mg and Ca 

content, whereas rural honeys showed the highest Cu, Al, and Ba content (P<0.05). The findings 

of this study highlighted that honeys mineral profile is closely related to different content of 

elements in environment, which is affected by anthropogenic activities.
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Introduction
Honey is a natural product of honey bees, closely linked to the territory, characterized by high 

concentration of sugars, water, minerals, proteins, vitamins, organic acids, flavonoids, phenolic 

acids and enzymes. It is strongly influenced by both natural and anthropogenic factors which vary 

based on its botanical and geographical origins (Perna et al., 2012). 

In fact, it is considered as the result of a bioaccumulation process of many metals and it plays an 

important role as environmental bio-indicator (Tuzen et al., 2007; Rashed et al., 2009; Perna et al., 

2014). Although honey contains 0.02-1.03% of minerals, these play a fundamental role in 

determining its quality. In fact, some macro (Ca, K, Mg, Na) and microminerals (Co, Cr, Cu, Fe, 

Mn, Ni, Se, Zn) have important functions in several biochemical processes as constituents of many 

bioactive compounds (Tuzen et al., 2007; Perna et al., 2014), whereas others (As, Cd, Hg, Pb) are 

considered toxic for human metabolism (Yarsan et al., 2007; Altundag et al., 2015).

 Minerals presence and content in honey reflects the area surrounding the apiary; the foraging 

activity of the bees extends for about 10 km2 and when the bees collect nectar or pollen these 

elements are transferred, contributing to the levels in the honey. This is why apiaries located in 

proximity to polluted areas can help in monitoring heavy metals from various sources. Basilicata 

honey production is heavily based on the availability of rural and native bush vegetation; in fact, 

Basilicata region is characterized by areas with different climatic characteristics and a high 

diversity of botanical species collected by bees. Moreover, current trend is the production of urban 

honey as an artisanal product; in urban environments there is an abundant presence of resources 

for bees, however, the close proximity to human activities influences the presence of particular 

trace elements and contaminants in honey. To date, several studies (Aldgini et al., 2019; 

Hungerford et al., 2020) detected in honey and its products different mineral profiles according to 

the anthropic characteristics of the geographical origin (urban, rural and industrial), highlighting 

the role of honey as indicator of anthropic impact and for quality control. Thus, the aim of this 

study was to examine and compare the mineral profile of honeys from Basilicata region (southern 

Italy) areas characterized by different anthropic impact. A
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Materials and Methods
Samples

During 2019, sixty honey samples were collected directly from beekeepers in different Basilicata 

region areas characterized by different anthropic impact (rural, industrial, and urban). In particular, 

20 rural honeys were collected in agricultural and forestry areas, 20 urban honeys were collected 

in metropolitan areas, and 20 industrial honeys were collected in areas with manufacturing 

industries, such as metallurgical and chemical industries (Figure 1). Honeys samples were 

obtained from apiary located at a maximum distance of 5 km from the area of interest. All samples 

were subjected to melissopalynological analyses and classified as multifloral honeys. Two 

hundred and fifty grams of each honey sample were placed into clean glass bottles and stored at 

room temperature in the dark until analysed.

Metals analysis

Trace elements (Ag, Al, As, Ba, Be, Cd, Co, Cr, Cu, Fe, Mn, Mo, Ni, Pb, Se, Sn, Sr, V and Zn) in 

honeys were analyzed in triplicate by inductively coupled plasma - mass spectrometry (ICP-QMS; 

Elan DRC II, Perkin-Elmer SCIEX, CT, USA) as reported by Perna et al. (2014), and the results 

were expressed as µg metal per kg honey. Minerals (Ca, Mg, and Na) were analyzed in triplicate 

by inductively coupled plasma – optical emission spectrometry (ICP-OES; model iCAP 6000, 

Thermo-Scientific, Cambridge, UK) as reported by Perna et al. (2012), and the results were 

expressed as mg metal per kg honey.

Statistical analysis

Statistical analysis was performed using the general linear model (GLM) procedure of statistical 

analysis system (SAS Institute, 1996) using a monofactorial model. Differences among metal 

content in different geographical areas were analysed using Student’s t test and differences 

between means at the 95 % (P < 0.05) confidence level were considered statistically significant. A 

Pearson’s correlation test was conducted to determine the linear correlation between the variables. 

Results and discussion
Trace elements, macro-elements, and heavy metals in southern Italy honeys
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In Table 1 are reported the results (mean, median, standard deviation, minimum and maximum 

values) of mineral content detected in 60 studied honey samples. Mineral profile included toxic 

elements (Al, As, Ba, Be, Cd, Pb), macro-elements (Ca, Mg, Na), and trace elements (Ag, Co, Cr, 

Cu, Fe, Mo, Mn, Ni, Se, Sn, Sr, V, and Zn). The findings highlighted a certain variability in 

elements composition of honey samples; this is due to different botanical and geographical origin, 

as reported by several authors (Rashed et al., 2004; Fernández-Torres et al., 2005; Pisani et al., 

2008). Ca, Na, Mg, Fe, Al,  Zn, and Mn were the most abundant elements, with average contents 

exceeding 1 mg/kg. In particular, among macro-elements, Na content was the highest (49.15 

mg/kg), followed by Ca (44.09 mg/kg), and Mg (19.30 mg/kg). Na content detected in studied 

honeys was in line with what found in Croatian honeys (44.04 ppm; Bilandžić et al., 2017), 

whereas it resulted lower than that detected in Italian (96 mg/kg; Conti, 2000; Pisani et al., 2008), 

and Malaysian honeys (358.64 mg/kg; Chua et al., 2012). Na plays a key role in maintaining 

optimal blood pressure, kidney, nerve and muscle functions (Hall, 2003; Sobotka et al., 2008). Ca 

content detected in studied honeys was lower than that detected in Croatian (109.24 ppm; 

Bilandžić et al., 2017), Italian (257 mg/kg; Pisani et al., 2008), Spanish (169 mg/kg; Fernández-

Torres et al., 2005), and Irish honeys (111 mg/kg; Downey et al., 2005). The variations in the Ca 

content were certainly due to the different pedo-climatic characteristics of the geographical origin 

of honeys (Bogdanov et al., 2007; Perna et al., 2014). Ca is an essential mineral with important 

functions in the cardiac, nervous, and musculoskeletal system,  it is also essential for bone and 

tooth formation, mineral homeostasis, as well as acting as a cofactor for many enzymes (Theobald, 

2005; Huskisson et al., 2007; Morgan 2008). Mg content in studied honeys ranged from 9.00 to 

38.89 mg/kg (Table 1). Mg is an essential element for all living organisms: acts as a cofactor for up 

to 300 enzymes, most of which are involved in antioxidant reactions; it is involved in the structure 

of proteins, lipids and carbohydrates; Mg deficiency in humans can cause muscle spasms and 

cardiovascular diseases such as hypertension (Durlach et al., 1998; Huskisson et al., 2007). Mn 

values ranged from 113.06 to 9021.14 µg/kg, with a average value of 1603.06 µg/kg (Table 1). 

Mn, naturally present in many types of rock and soil, is an element with low toxicity and high 

biological function (Yazbeck, 2011). The Mn average value detected in this study was in line with 

what detected by Pisani et al. (2008) in honeys from Siena County (Italy), but it was much lower 

than that found in honeys from other Italian areas (about 3 mg/kg; Conti, 2000; Bontempo et al., 

2017), and in Australian (3.80 mg/kg; Hungerford et al., 2020), Spanish (3.40 mg/kg; Fernández-

Torres et al., 2005), and Bengal honeys (2.27 mg/kg; Sarker et al., 2015). On the contrary, Mn A
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content in studied honeys was higher than that found in Turkish (45.60 µg/kg; Altun et al., 2017), 

Argentine (700 µg/kg; Conti et al., 2014), and Irish honeys (40 µg/kg; Downey et al., 2005). Al, 

third on the list of most abundant elements in the earth's crust, has a negative toxicological impact 

on the central nervous, skeletal and hematopoietic systems, in addition, its ions can hinder various 

metabolic processes due to competitive reactions with ions, as Ca, Mg, and Fe, F (Yokel et al., 

2008). In this study, Al content ranged from 630.26 to 3844.39 µg/kg, with a average value of 

1395,73 µg/kg (Table 1); it was in line with that found by Czipa et al. (2015) in Croatian honeys 

(1.03 mg/kg), but was lower than that reported by Di Bella et al. (2015) in Italian honeys (5.67 

mg/kg). Bees during foraging activity are exposed to Al from several sources; in addition, a 

further exposure to Al can be due to secondary sources, such as metal containers used for storage 

during harvesting and handling processes, in fact, Al contamination is usually accompanied by Cr 

contamination from the same source (Pisani et al., 2008). Fe is an essential element for the 

production of red blood cells, in fact a deficiency causes anemia; moreover, it mediates electron 

transfer in the catalysis of enzymatic reactions which is toxic because it catalyze the conversion of 

hydrogen peroxide into free radicals (Andrews, 1999). Fe content in studied honeys ranged from 

477.38 to 3954.53 µg/kg (Table 1). The Fe average content found in this study was lower than that 

detected in Italian honeys and, in particular, in Siena Country (Toscana Region) honeys (3.07 

mg/kg; Pisani et al., 2008) and Lazio Region honeys (4.50 mg/kg; Conti, 2000), and in French 

honeys (11.03 mg/kg; Devillers et al., 2002); whereas, it was higher than that found in Romanian 

honeys (22.70 µg/kg; Oroian et al., 2016). After Fe, Zn is the most abundant transition metal in 

organisms (NRC, 2000). It is the unique metal which arises in all enzyme tribes and is considered 

an antioxidant because is found in nearly 100 specific enzymes (Broadley et al., 2007). Zn content 

varied between 503.67 and 1971.91 µg/kg, and its average content (1081.13 µg/kg) was markedly 

lower than that found in an our previous study on honeys from the same geographical area (Perna 

et al., 2012), whereas was slightly lower than that detected in central Italy honeys, and in 

particular in Siena Country (1.82 mg/kg, Pisani et al., 2008) and Lazio Region honeys (3.1 mg/kg; 

Conti, 2000). Zn is an essential element for humans, but high levels in the diet can cause anemia 

and decreased of Cu and Fe absorption (Roohani et al., 2013). Overall, the trace elements content 

detected in studied honeys was very low and the value was comparable to content found in honeys 

from uncontaminated areas (Tuzen et al., 2007). Cu is one trace heavy element essential for life; 

its Recommended Dietary Allowance (RDA) for adult is 1.0 mg/day, whereas the Provisional 

Maximum Tolerable Daily Intake (PMTDI) is 0.5 mg/ kg of body weight, an excess of Cu can A
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cause disease of Wilson (WHO, 1982). The Cu average content detected in studied honeys (236.65 

µg/kg) was higher compared to found in Turkish honeys (68.50 µg/kg; Altun et al., 2017), 

whereas it was lower than that detected in Argentine honeys (Conti et al., 2014). Co value ranged 

between 0.82 and 14.99 µg/kg; it is an integral part of vitamin B12 and is therefore essential for 

the functioning of the cell (Yamada, 2013). In this study, Ni content (32.89 µg/kg) was markedly 

lower than that found in Turkish honeys (Yücel & Sultanoglu, 2013). At low concentrations Ni is 

necessary for plants, however at high concentrations it is toxic (Seenivasan et al., 2008). Se is an 

important micronutrient, in particular for immune system and thyroid function, it also plays an 

essential role in antioxidant metabolism (Triggiani et al., 2009). Se average content detected in our 

honey samples (3.21 µg/kg) was much lower than that found in Argentine honeys (10 µg/kg; Conti 

et al., 2014). Cr content detected in our honeys varied from 7.00 to 28.66 µg/kg, with an average 

value (17.57 µg/kg) markedly lower than that found in an our previous study in honeys from the 

same geographical area (0.71 mg/kg; Perna et al., 2014), by Conti & Botrè (2001) in Italian 

honeys, and by Lanjwani & Channa (2019) in Pakistan honeys. Chromium plays a fundamental 

role in the metabolic processes of sugars and fats (Chowdhury et al., 2003). In the literature there 

are few data on the Mo, Ag, Ba, Be, Sn, and V concentration in honey; however, the contents 

detected in this study were lower than that found in Australian (Hungerford et al., 2020) and in 

Greece  honeys (Karabagias et al., 2017a,b). Pb, Cd, and As are highly toxic elements and their 

presence in honey indicates environmental pollution (Bogdanov et al., 2007). As content found in 

the studied honeys ranged between 0.40 and 2.05 µg/kg, and the average value (0.96 µg/kg) was 

markedly lower than that detected in multifloral Italian honeys (6.95 mg/kg; Pisani et al., 2008), 

monofloral Hungary honeys (5.22–22.8 mg/kg; Czipa et al., 2015), and monofloral New Zealand 

honeys (0.04 mg/kg; Vanhanen et al., 2011). Pb concentration in the studied honeys ranged from 

3.40 to 24.08 ppb, showing an average value (11.07 ppb) much lower than the maximum limit (0.1 

µg/kg) established by the EC Reg. 2015/1005. Moreover, the Pb average content was lower than 

that found in Mediterranean honeys (Tuzen et al., 2007; Silici et al., 2008; Yucel & Sultanoglu, 

2013). Cd content found in this study in honeys varied between 0.40 and 9.36 µg/kg (Table 1), 

with an average content (3.31 µg/kg) lower than that found in honeys collected in different Italian 

areas (Conti et al., 2018 ; Perna et al., 2012; Quinto et al., 2016), and clearly lower than that 

reported for honeys collected in six continents (Solayman et al., 2016). Furthermore, Pb and Cd 

content detected in this study were markedly lower than those found in an our previous study in 

the same area (Basilicata region, 0.25 mg/kg; Perna et al., 2014); this could be explained by the A
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use of automotive engine catalysts over the past 10 years. Pearson’s correlation analysis was 

applied to examine the relationship between metal concentrations in honey samples (Table 2). 

Overall, in agreement with what reported by many authors in literature (Bogdanov et al., 2007; 

Quinto et al., 2016; Sarker et al., 2015) statistically significant correlations were observed 

between metals, indicating that the levels of the elements are closely interlinked with one another.  

In particular, some significant positive correlations were detected between elements with affinity 

in the periodic table, such as  Ba and Sr (𝑟 = 0.911; P < 0.001), Mg and Ca (𝑟 = 0.871; P < 0.001), 

this could be due to a similar absorption mechanism soil - plants – honey. A strong positive 

correlation was observed between the Mn and Cu contents (𝑟 = 0.868; P < 0.001), this could be 

due to same influential anthropic factors (Esmaeili et al., 2014). The other significant positive 

correlations found between metals with same anthropic origin were: Cd and Pb (𝑟 = 1.000; P < 

0.001), Cd and Zn (𝑟 = 0.986; P < 0.001), Pb and Zn (𝑟 = 0.986; P < 0.001). Thus, the results of 

Pearson's correlations can only be explained by the mutual affinity of metals and / or anthropic 

factors.

Comparison of mineral profile in honeys from urban, industrial and rural area 

Table 3 summarizes the results of the trace elements, macro-elements, and heavy metals in 

Basilicata region honey samples classified as rural, industrial, and urban according to anthropic 

characteristics of geographical origin. The presence and level of chemical elements in the bees’ 

forage area affected the chemical composition of the hive products. Statistical analysis revealed 

significant differences among honeys from different areas, with the exception for Se, Co and Ag 

content (P > 0.05). Significant differences between urban and rural honeys was found for all 

studied elements, with the exception for As, Cr, Be, and Sr content; no significant difference was 

also detected between urban and industrial honeys for Al, V, Cu, Zn, Be, and Sn content; in 

addition, no significant difference was found between rural and industrial honeys for Na, Mg, Ca, 

Sn, Cu, Mn, and Ni content. In this study, industrial honeys showed higher Cr, Zn, Cd and Pb 

levels compared to honeys from other studied areas. Several studies (Bratu & Georgescu, 2005; 

Perna et al., 2012; 2014) reported higher concentrations of toxic trace elements or heavy metal in 

honeys from industrial areas. Furthermore, as we expected, Pd and Cd content was lower in rural 

honeys (Table 3). Thus, we can say that the differences in toxic elements content among honeys 

from studied areas are due to environmental or geographical factors, to which the anthropogenic 

source must be added. In fact, traffic-related pollution and chemical-intensive agriculture can A
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contribute to the increasing levels of these elements in honey (Street et al., 2009; Silici et al., 

2013). The Cr presence detected in all honey samples may be due to both the contact of stainless 

steel surfaces during harvesting, processing and/or preparation, in fact honey due to its acidity is 

corrosive (Ajibola et al., 2012), and to other contamination sources as stationary point sources, 

coal, and oil combustion. In this study, Zn level was higher in industrial and urban honeys 

(1369.15 and 1137.41 µg/kg, respectively) than in rural honeys (866.55 µg/kg; P < 0.05), whereas 

Al, Cu, V, Ba and Sr content was higher in rural honeys compared to honeys from other studied 

areas (P < 0.05). The highest Na, Mg, Ca, Ni, Fe, and Mn content was found in urban honeys (P < 

0.05). Certainly the beekeeping practices, honey processing, and environment contribute to the 

diversified mineral content in honey (Anklam, 1998; Pohl, 2009). However, in addition to these 

factors, the different mineral profile of the studied honeys was clearly explained by the different 

content of elements in the soil of studied areas, which is due to anthropogenic activities, such as 

agricultural practices, proximity to industries, waste dumps, and urban centers. 

Conclusions
The present study furnished a detailed picture of mineral profile of honeys collected in areas of 

Basilicata region (southern Italy) characterized by different anthropic impact. All chemical 

elements detected in this study can be both from natural sources (soil, plants) and anthropogenic 

sources.  Overall, in studied honeys, Ca, Na, Mg, Fe, Al,  Zn, and Mn were the most abundant 

elements, with average contents exceeding 1 ppm, whereas the toxic elements content was really 

low and the variations reflect the anthropic characteristics of considered areas. Moreover, several 

differences of mineral profile was detected among honeys collected in area with different 

anthropic impact, with the exception for Se, Co and Ag content. In particular, industrial honeys 

were characterized by the highest Zn, Cr, Sn, Cd and Pb content, urban honeys showed the highest 

As, Fe, Ni, Mn, Na,Mg and Ca content, whereas rural honeys showed the highest Cu, Al, and Ba 

content. The findings of this study highlighted that the mineral profile of honeys is closely related 

to the degree of trace element contamination of the environment. These results are useful for both 

evaluate the nutritional quality of honey  and greater consumers’ confidence in purchasing and 

consuming this product.

Conflict of interest

The authors declare no conflicts of interest.A
cc

ep
te

d 
A

rt
ic

le



This article is protected by copyright. All rights reserved

Ethical Guidelines

Ethics approval was not required for this research

Data Availability Statement

The data that support the findings of this study are available from the corresponding author upon 

reasonable request.

References
Ajibola, A., Chamunorwa, J.P. & Erlwanger, K.H. (2012). Nutraceutical values of natural honey 

and its contribution to human health and wealth. Nutrition & Metabolism, 9, 61. 

Aldgini, H.M.M., Abdullah Al-Abbadi, A., Abu-Nameh, E.S.M. & Alghazeer, R.O. (2019). 

Determination of metals as bio indicators in some selected bee pollen samples from Jordan. 

Saudi Journal of Biological Science, 26, 1418-1422.  

Altun, S.K., Dinç, H., Paksoy, N., Temamoğulları, F.K. & Savrunlu, M. (2017). Analyses of 

mineral content and heavy metal of honey samples from South and East Region of Turkey by 

using ICP-MS. International Journal of Analytical Chemistry, 6391454.

Altundag, H., Albayrak, S., Dundar, M. S., Tuzen, M. &  Soylak, M. (2015). Investigation of the 

influence of selected soil and plant properties from sakarya, turkey, on the bioavailability of 

trace elements by applying an in vitro digestion model. Biological Trace Element Research, 

168, 276-285.

Andrews, N.C. (1999). Disorders of iron metabolism. New England Journal of Medicine, 341(26), 

1986-1995.

Anklam, E. (1998). A review of the analytical methods to determine the geographical and 

botanical origin of honey. Food Chemistry, 63, 549–552.

Bilandžić, N., Gajger, I.T., Kosanović, M., Čalopek, B., Sedak, M., Kolanović B.S., Varenina, I., 

Luburić, D.B., Varga, I., & Ðokić M. (2017). Essential and toxic element concentrations in 

monofloral honeys from southern Croatia. Food Chemistry, 234, 245–253.

Bogdanov, S., Haldimann, M., Luginbühl, W. & Gallmann, P. (2007). Minerals in honeys: 

environmental, geographical and botanical aspects. Journal of Apicultural Research and Bee 

World, 46(4), 269-275.A
cc

ep
te

d 
A

rt
ic

le



This article is protected by copyright. All rights reserved

Bontempo, L., Camin, F., Ziller, L., Perini, M., Nicolini, G. & Larcher R. (2017). Isotopic and 

elemental composition of selected types of Italian honey. Measurement, 98, 283-289.

Bratu, I. & Georgescu, C. (2005). Chemical contamination of bee honey–identifying sensor of the 

environment pollution. Journal of Central European Agriculture, 6, 95-98.

Broadley, M. R., White, P.J., Hammond, J.P., Zelko, I. & Lux, A. (2007). Zinc in plants: tansley 

review. New Phytologist, 173(4), 677–702.

Chowdhury, S., Pandit, K., Roychowdury, P. & Bhattacharya, B. (2003). Role of chromium in 

human metabolism, with special reference to Type 2 Diabetes. The Journal of the Association 

of Physicians of India, 51, 701-705.

Chua, L.S., Abdul-Rahaman, N.L., Sarmidi, M.R., & Aziz, R. (2012). Multi-elemental 

composition and physical properties of honey samples from Malaysia. Food Chemistry, 135, 

880–887.

Conti, M. E. (2000). Lazio region (central Italy) honeys: A survey of mineral content and typical 

quality parameters. Food Control, 11, 459–463.

Conti, M. E. & Botrè, F. (2001). Honeybees and their products as potential bioindicators of heavy 

metals contamination. Environmental Monitoring and Assessment, 69, 267-282.

Conti, M.E., Finoia, M.G., Fontana, L., Mele, G., Botre, F., & Iavicoli, I. (2014). Characterization 

of Argentine honeys on the basis of their mineral content and some typical quality parameters. 

Chemistry Central Journal, 8, 44.

Conti, M.E., Canepari, S., Finoia, M.G., Mele, G. & Astolfi, M.L. (2018).  Characterization of 

Italian multifloral honeys on the basis of their mineral content and some typical quality 

parameters. Journal of Food Composition and Analysis, 74, 102–113.

Czipa, N,. Andrasi, D. & Kovacs, B. (2015). Determination of essential and toxic elements in 

hungarian honeys. Food Chemistry, 175, 536–542.

Devillers, J., Dore, J.C., Marenco, M., Poirier-Duchene, F., Galand, N. & Viel, C. (2002). 

Chemometrical analysis of 18metallic and nonmetallic elements found in honeys sold in France. 

Journal of Agricultural and Food Chemistry, 50(21), 5998– 6007. 

Di Bella, G., Lo Turco, V., Potortì, A.G., Bua, G.D., Fede, M.R. & Dugo, G. (2015). Geographical 

discrimination of italian honey by multi-element analysis with a chemometric approach. 

Journal of Food Composition and Analysis, 44, 25–35.

A
cc

ep
te

d 
A

rt
ic

le

https://www.sciencedirect.com/science/article/pii/S0263224115006089#!
https://www.sciencedirect.com/science/article/pii/S0263224115006089#!
https://www.sciencedirect.com/science/article/pii/S0263224115006089#!
https://www.sciencedirect.com/science/article/pii/S0263224115006089#!
https://www.sciencedirect.com/science/article/pii/S0263224115006089#!
https://www.sciencedirect.com/science/article/pii/S0263224115006089#!


This article is protected by copyright. All rights reserved

Downey, G., Hussey, K., Jelly, J.D., Walshe, T.F. & Martin, P.G. (2005). Preliminary contribution 

to the characterisation of artisanal honey produced on the island of Ireland by palynological and 

physico-chemical data. Food Chemistry, 91, 347-354.

Durlach, J., Bac, P.,  Durlach, V., Rayssiguier, Y.,  Bara, M. & Guiet-Bara, A. (1998). Magnesium 

status and ageing: an update. Magnesium Research, 11, 25-42.

Fernández-Torres, R., Pérez–Bernal, J.L., Bello-López, M.A., Callejón-Mochón, M., Jiménez-

Sánchez, J.C. & Guiraúm-Pérez, A. (2005). Mineral content and botanical origin of Spanish 

honeys. Talanta, 65(3), 686-691.

Hall, J.E. (2003). The kidney, hypertension, and obesity. Hypertension, 41, 625-633.

Hungerford, N. L., Tinggi, U., Tan, B. L. L., Farrell, M. & Fletcher, M. T. (2020). Mineral and 

trace element analysis of Australian/Queensland Apis mellifera honey. International Journal of 

Environmental Research and Public Health, 17, 6304.

Huskisson, E., Maggini, S. & Ruf, M. (2007). The role vitamins and minerals in energy 

metabolism and well-being. The Journal of International Medical Research, 35, 277-289.

Karabagias, I.K., Louppis, P.A., Kontakos, S., Papastepahanou, C. & Kontominas, M.G. (2017a) 

Characterization and geographical discrimination of Greek pine and thyme honeys based on 

their mineral content, using chemometrics. European Food Research and Technology, 243(1), 

101–113.

Karabagias, I.K., Louppis, P.A., Karabournioti, S., Kontakos, S., Papastepahanou, C. & 

Kontominas, M.G. (2017b). Characterization and classification of commercial thyme honeys 

produced in specific Mediterranean countries according to geographical origin, using 

physicochemical parameter values and mineral content in combination with chemometrics. E 

European Food Research and Technology, 243(5), 889–900.

Lanjwani, M.F. & Channa, F.A. (2019). Minerals content in different types of local and branded 

honey in Sindh, Pakistan. Heliyon, 5, e02042.

Morgan, K.T. (2008). Nutritional determinants of bone health. Journal of Nutrition for the Elderly, 

27, 3-27.

NRC, 2000. Nutrient Requirements of Beef Cattle, 7th edition. Washington: National Academies 

Press.

Oroian, M., Prisacaru, A., Hretcanu, E. C., Stroe, S.-G.l, Leahu, A. & Buculei, A. (2016) Heavy 

metals profile in honey as a potential indicator of botanical and geographical origin. 

International Journal of Food Properties, 19(8), 1825-1836.A
cc

ep
te

d 
A

rt
ic

le

https://pubmed.ncbi.nlm.nih.gov/?term=Durlach+J&cauthor_id=9595547
https://pubmed.ncbi.nlm.nih.gov/?term=Bac+P&cauthor_id=9595547
https://pubmed.ncbi.nlm.nih.gov/?term=Durlach+V&cauthor_id=9595547
https://pubmed.ncbi.nlm.nih.gov/?term=Rayssiguier+Y&cauthor_id=9595547
https://pubmed.ncbi.nlm.nih.gov/?term=Bara+M&cauthor_id=9595547
https://pubmed.ncbi.nlm.nih.gov/?term=Guiet-Bara+A&cauthor_id=9595547
https://pubag.nal.usda.gov/?q=%22Oroian%2C+Mircea%22&search_field=author
https://pubag.nal.usda.gov/?q=%22Prisacaru%2C+Ancuta%22&search_field=author
https://pubag.nal.usda.gov/?q=%22Hretcanu%2C+Elena+Cristina%22&search_field=author
https://pubag.nal.usda.gov/?q=%22Stroe%2C+Silviu-Gabriel%22&search_field=author
https://pubag.nal.usda.gov/?q=%22Leahu%2C+Ana%22&search_field=author
https://pubag.nal.usda.gov/?q=%22Buculei%2C+Amelia%22&search_field=author
https://pubag.nal.usda.gov/?f%5Bjournal_name%5D%5B%5D=International+journal+of+food+properties&f%5Bpublication_year_rev%5D%5B%5D=7984-2016&f%5Bsource%5D%5B%5D=2016+v.19+no.8


This article is protected by copyright. All rights reserved

Perna, A., Simonetti, A., Intaglietta, I., Sofo, A. & Gambacorta, E. (2012). Metal content of 

southern Italy honey of different botanical origins and its correlation with polyphenol content 

and antioxidant activity. International Journal of Food Science and Technology, 47, 1909–

1917.

Perna, A., Intaglietta, I., Simonetti, A. & Gambacorta, E. (2014). Metals in honeys from different 

areas of southern Italy. Bulletin of Environmental Contamination and Toxicology, 92, 253–258.

Pisani, A., Protano, G. & Riccobono, F. (2008). Minor and trace elements in different honey types 

produced in Siena County (Italy). Food Chemistry, 107(4), 1553– 60.

Pohl P. 2009. Determination of metal content in honey by atomic absorption and emission 

spectrometries. TrAC-Trends in Analytical Chemistry, 28, 117–28.

Quinto, M., Miedico, O., Spadaccino, G., Paglia, G., Mangiacotti, M., Li, D., Centonze, D. & 

Chiaravalle, A.E. (2016). Characterization, chemometric evaluation, and human health-related 

aspects of essential and toxic elements in Italian honey samples by inductively coupled plasma 

mass spectrometry. Environmental Science and Pollution Research International, 23, 25374–

25384.

Rashed, M.N. & Soltan, M.E. (2004). Major and trace elements in different types of Egyptian 

monofloral and non-floral bee honeys. Journal of Food Composition and Analysis, 17, 725-735.

Rashed, M.N., El-Haty, M.T.A. & Mohamed, S.M. (2009). Bee honey as environmental indicator 

for pollution with heavy metals. Toxicology & Environmental Chemistry, 91, 389–403.

Roohani, N., Hurrell, R., Kelishadi, R. & Schulin, R. (2013). Zinc and its importance for human 

health: An integrative review. Journal of Research in Medical Sciences, 18(2), 144-157.

Sarker, N., Chowdhury, M.A.Z.,   Fakhruddin, A.N.M., Fardous, Z.  Moniruzzaman, M. & Gan 

S.H. (2015). Heavy metal contents and physical parameters of Aegiceras corniculatum, 

Brassica juncea, and Litchi chinensis honeys from Bangladesh. BioMed Research 

International, 5, 15-20.

SAS Institute. (1996). SAS User’s Guide: Statistics. Version 7. Cary, NC: SAS Institute Inc.

Seenivasan, S., Manikandan, N., Muraleedharan, N.N. & Selvasundaram, R. (2008). Heavy metal 

content of black teas from south India. Food Control, 19, 746-749.

Silici, S., Uluozlu, O.D., Tuzen, M. & Soylak, M. (2008). Assessment of trace element levels in 

rhododendron honeys of the Black Sea region, Turkey. Journal of Hazardous Materials, 156, 

612-618.A
cc

ep
te

d 
A

rt
ic

le



This article is protected by copyright. All rights reserved

Silici, S., Uluozlu, O.D., Tuzen, M. & Soylak, M. (2013). Honeybees and honey as monitors for 

heavy metal contamination near the thermal power plants in Mugla, Turkey. Toxicology and 

Industrial Health, 32, 507-516.

Sobotka, L., Allison, S. & Stanga, Z. (2008). Water and electrolytes during nutritional support. In: 

Basics in clinical nutrition (edited by L. Sobotka). Pp. 254-263. Prague: House Galén.

Solayman, M., Islam, M., Paul, S., Ali, Y., Khalil, M., Alam, N. & Gan, S.H. (2016). 

Physicochemical properties, minerals, trace elements, and heavy metals in honey of different 

origins: a comprehensive review. Comprehensive Reviews in Food Science and Food Safety, 

15(1), 219–233.

Street, R., Kulkarni, M., Stirk, W., Southway, C., Abdillahi, H., Chinsamy, M. & Van Staden, J. 

(2009). Effect of cadmium uptake and accumulation on growth and antibacterial activity of 

Merwilla plumbea-An extensively used medicinal plant in South Africa. South African Journal 

of Botany, 75, 611-616.

Theobald, H. (2005). Dietary calcium and health. Nutrition Bulletin, 30, 237-277.

Triggiani, V., Tafaro, E., Giagulli, V.A., Sabbà, C., Resta, F., Licchelli, B. & Guastamacchia E. 

(2009). Role of iodine, selenium and other micronutrients in thyroid function and disorders. 

Endocrine, Metabolic & Immune Disorders-Drug Targets, 9, 277-294. 

Tuzen, M., Silici, S., Mendil, D. & Soylak, M. (2007). Trace element levels in honeys from 

different regions of Turkey. Food Chemistry, 103, 325–330.

Vanhanen, L.P., Emmertz, A. & Savage, G.P. (2011). Mineral analysis of mono-floral New 

Zealand honey. Food Chemistry, 128, 236-240.

WHO. (1982). Evaluation of certain food additives and contaminants. Twenty-sixth report of the 

Joint FAO/WHO Expert Committee on Food Additives. Technical Report Series 683. Geneva.

Yamada, K. (2013). Cobalt: Its Role in Health and Disease. Metal ions in life sciences, 13, 295-

320.

Yarsan, E., Karacal, F., Ibrahim, I. G., Dikmen, B., Koksal, A. & Das, Y. K. (2007). Contents of 

some metals in honeys from different regions in Turkey. Environmental Contamination and 

Toxicology, 79, 255–258.

Yazbeck, C. (2011). Manganese: Environmental exposure. In: Encyclopedia of Environmental 

Health (edited by J.O. Nriagu). Pp. 612-661. Burligton: Elsevier

A
cc

ep
te

d 
A

rt
ic

le

https://pubmed.ncbi.nlm.nih.gov/?term=Triggiani+V&cauthor_id=19594417
https://pubmed.ncbi.nlm.nih.gov/?term=Tafaro+E&cauthor_id=19594417
https://pubmed.ncbi.nlm.nih.gov/?term=Giagulli+VA&cauthor_id=19594417
https://pubmed.ncbi.nlm.nih.gov/?term=Sabb%C3%A0+C&cauthor_id=19594417
https://pubmed.ncbi.nlm.nih.gov/?term=Resta+F&cauthor_id=19594417
https://pubmed.ncbi.nlm.nih.gov/?term=Licchelli+B&cauthor_id=19594417
https://pubmed.ncbi.nlm.nih.gov/?term=Guastamacchia+E&cauthor_id=19594417
https://www.researchgate.net/scientific-contributions/Kazuhiro-Yamada-2043043532?_sg%5B0%5D=kXFB8awz09sGpZMWUL5q09uNbtUwaZhBn0VrDX1E8ECN2MYcHKBrKbbiULvgRf9JYx8nFok.CfK4JH4uWiIcccHs_svSPo6pY-8w1YAWkdGC7Q6iw7avX0Ky5AfJW8MbHcu1xqoCrF5Tn2-tP3X4XCCt63FdLQ&_sg%5B1%5D=eKkEpVam4aoFpQ7YWy7AJWfzCHuVg3EVLR_dXybusymn7WquTMDrGtJv-KFTMWOxUcNWD9A.hWbpow3lSqL2-pdjotLWmrOgbD6tfsD8ViHhhvSIqp8Wi7rzYTnsD5kHQPbcBUsTy0QOUGS75UMGNKq1DTqalg


This article is protected by copyright. All rights reserved

Yokel, R.A., Hicks, C.L. & Florence R.L. (2008). Aluminum bioavailability from basic sodium 

aluminum phosphate, an approved food additive emulsifying agent, incorporated in cheese. 

Food and Chemical Toxicology, 46(6), 2261–2266.

Yücel, Y. & Sultanoglu, P. (2013). Characterization of Hatay honeys according to their multi-

element analysis using ICP-OES combined with chemometrics. Food Chemistry, 140, 231–237

A
cc

ep
te

d 
A

rt
ic

le

https://www.ncbi.nlm.nih.gov/pubmed/?term=Yokel%20RA%5BAuthor%5D&cauthor=true&cauthor_uid=18436363
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hicks%20CL%5BAuthor%5D&cauthor=true&cauthor_uid=18436363
https://www.ncbi.nlm.nih.gov/pubmed/?term=Florence%20RL%5BAuthor%5D&cauthor=true&cauthor_uid=18436363
https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=18436363


 

This article is protected by copyright. All rights reserved 

Table 1. Trace elements, macro-elements, and heavy metals in Basilicata region (southern 

Italy) honeys 

  

 

  Mean SD
1 Min.

2 Max.
3 Median LOD

4 
LOQ

5 

  µg/kg 

Al  1395.73 828.85 630.26 3844.39 1100.68 85.75 288.62 

Cr  17.57 5.53 7.00 28.66 17.00 1.46 5.13 

Fe  1359.48 543.46 477.38 2954.53 1452.62 88.02 288.81 

V  2.19 1.19 0.79 5.24 1.96 0.09 0.28 

Ni  32.89 16.02 14.95 106.02 28.94 1.80 5.85 

As  0.96 0.53 0.40 2.05 0.82 0.09 0.27 

Se  3.21 0.65 3.00 6.64 3.00 0.52 1.76 

Co  3.77 2.55 0.82 14.99 3.36 0.16 0.62 

Zn  1081.13 350.51 503.67 1971.91 1043.39 15.25 57.14 

Mn 1603.06 2202.16 113.06 9021.14 296.62 9.82 30.21 

Cu  236.65 113.05 26.42 668.47 224.51 5.76 17.23 

Be  0.12 0.04 0.10 0.24 0.10 0.03 0.10 

Mo  4.71 1.33 2.63 9.05 4.58 0.08 0.27 

Ag  0.36 0.11 0.23 0.84 0.33 0.04 0.14 

Sr  114.63 43.87 33.20 198.32 112.11 2.20 6.65 

Sn  28.76 17.43 1.50 72.18 26.10 0.62 1.85 

Ba  187.82 122.04 10.77 544.41 170.90 1.08 2.99 

Cd  3.31 2.33 0.40 9.36 2.66 0.05 0.16 

Pb  11.07 5.49 3.40 24.08 9.44 0.53 1.59 

  mg/kg 

Na 49.15 18.39 25.58 119.78 45.06 2.20 6.36 

Mg 19.30 6.43 9.00 38.89 19.16 1.12 3.81 

Ca 44.09 16.08 23.46 93.31 40.51 2.52 7.09 

1 
SD: standard deviation; 

2
Min.: minimum;  

3
Max.: maximum; 

4
LOD: limit of detection; 

5
LOQ: limit of 

quantification 
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Table 2. Pearson correlation coefficients between metals in the investigated honeys. 

  Al Cr  Fe V  Ni  As  Se  Co  Zn Mn Cu  Be  Mo  Ag  Sr  Sn  Ba  Cd  Pb  Na Mg 

Al 1.000 

                    Cr  -0.373** 1.000 

                   Fe 0.334** -0.999*** 1.000 

                  V  0.997*** -0.442*** 0.404** 1.000 

                 Ni  -0.177ns -0.847*** 0.869*** -0.102ns 1.000 

                As  0.291* -0.996*** 0.999*** 0.362** 0.890*** 1.000 

               Se  -0.526*** -0.593*** 0.626*** -0.461*** 0.930*** 0.661*** 1.000 

              Co  0.955*** -0.632*** 0.599*** 0.975*** 0.123ns 0.561*** -0.250ns 1.000 

             Zn -0.940*** 0.667*** -0.635*** -0.963*** -0.169ns -0.599*** 0.205ns -0.999*** 1.000 

            Mn -0.404** -0.698*** 0.727*** -0.334** 0.972*** 0.758*** 0.990*** -0.114ns 0.069ns 1.000 

           Cu  0.805*** 0.251ns -0.291* 0.758*** -0.727*** -0.334** -0.928*** 0.592*** -0.554*** 0.868*** 1.000 

          Be  0.980*** -0.552*** 0.516*** 0.992*** 0.024ns 0.477*** -0.345** 0.995*** -0.989*** -0.212ns 0.669*** 1.000 

         Mo  0.918*** -0.710*** 0.680*** 0.945*** 0.228ns 0.646*** -0.146ns 0.994*** -0.998*** -0.008ns 0.503*** 0.979*** 1.000 

        Ag  0.924*** -0.699*** 0.669*** 0.950*** 0.213ns 0.634*** -0.161ns 0.996*** -0.999*** -0.024ns 0.516*** 0.982*** 1.000*** 1.000 

       Sr  0.663*** -0.942*** 0.927*** 0.717*** 0.620*** 0.909*** 0.288* 0.855*** -0.878*** 0.417*** 0.089ns 0.800*** 0.906*** 0.899*** 1.000 

      Sn  -0.997*** 0.295* -0.255* -0.988*** 0.257* -0.211ns 0.595*** -0.927*** 0.909*** 0.478*** -0.851*** -0.960*** -0.882*** -0.889*** -0.599*** 1.000 

     Ba  0.912*** -0.720*** 0.690*** 0.941*** 0.241ns 0.657*** -0.132ns 0.993*** -0.997*** 0.006ns 0.491*** 0.976*** 1.000*** 1.000*** 0.911*** -0.876*** 1.000 

    Cd  -0.871*** 0.781*** -0.754*** -0.905*** -0.330** -0.723*** 0.040ns -0.978*** 0.986*** -0.098ns -0.409** -0.952*** -0.994*** -0.993*** -0.945*** 0.827*** -0.996*** 1.000 

   Pb  -0.871*** 0.781*** -0.754*** -0.905*** -0.330** -0.723*** 0.040ns -0.977*** 0.986*** -0.098ns -0.409** -0.952*** -0.994*** -0.993*** -0.945*** 0.827*** -0.996*** 1.000*** 1.000 

  
Na -0.607*** -0.511*** 0.547*** -0.545*** 0.890*** 0.584*** 0.995*** -0.343** 0.300* 0.972*** -0.960*** -0.435*** -0.242ns -0.257* 0.193ns 0.670*** -0.228ns 0.138ns 0.137

ns
 1.000 

 Mg -0.047ns -0.909*** 0.926*** 0.028ns 0.991*** 0.942*** 0.874*** 0.251ns -0.296* 0.933*** -0.631*** 0.154ns 0.353* 0.338* 0.717*** 0.129ns 0.366*** -0.450*** -0.450*** 0.823*** 1.000 

Ca -0.532*** -0.587*** 0.620*** -0.467*** 0.927*** 0.655*** 1.000*** -0.257* 0.213ns 0.989*** -0.931*** -0.352** -0.153ns -0.168ns 0.281* 0.600*** -0.140ns 0.048ns 0.047
 ns

 0.996*** 0.871*** 

***P < 0.001; **P < 0.01; *P < 0.05; ns not significant. 
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Table 3. Trace elements, macro-elements, and heavy metals in Basilicata region (southern 

Italy) honeys classified according to the antropic characteristics of the origin area (rural, 

industrial, and urban). 

 

 

 

 

1 
SD: standard deviation 

a,b,c
 Means within a row with different superscripts differ (P < 0.05).  

  Urban Industrial Rural 

 Mean SD
1 

Mean SD Mean SD 

  µg/kg 

N° of samples 20 20 20 

Al 1166.55
a
 488.83 1038.35

a
 449.55 1943.19

b
 1072.41 

Cr  14.64
a
 5.03 21.58

b
 3.67 16.57

a
 5.46 

Fe 1718.97
c
 187.79 894.21

a
 436.45 1458.22

b
 565.92 

V  1.93
a
 0.77 1.66

a
 1.03 2.91

b
 1.34 

Ni  41.14
b
 8.72 24.58

a
 5.56 28.28

a
 11.36 

As  1.28
b
 0.40 0.58

a
 0.26 1.03

b
 0.61 

Se  3.39
a
 1.03 3.15

a
 0.51 3.10

a
 0.94 

Co  3.75
a
 1.04 3.59

a
 1.18 3.97

a
 1.38 

Zn 1137.41
b
 257.87 1369.15

b
 329.91 866.55

a
 282.60 

Mn 4321.97
b
 1940.76 347.41

a
 80.21 237.35

a
 93.53 

Cu  198.26
a
 77.03 234.92

a,b
 139.76 274.09

b
 108.25 

Be  0.11
a,b

 0.02 0.10
a
 0.01 0.13

b
 0.05 

Mo  4.71
b
 1.37 3.76

a
 0.87 5.61

c
 1.03 

Ag  0.36
a
 0.08 0.33

a
 0.06 0.39

a
 0.16 

Sr  125.01
b
 48.61 89.96

a
 33.90 127.96

b
 40.06 

Sn  32.01
b
 9.42 32.58

a,b
 15.54 22.17

a
 8.04 

Ba  189.03
b
 65.84 72.09

a
 9.02 294.72

c
 98.55 

Cd  3.03
b
 0.81 5.78

c 
2.23 1.24

a 
0.5 

Pb  10.52
b 

3.50 16.41
c
 4.88 6.69

a 
2.69 

  mg/kg 

Na 62.64
b
 23.27 45.80

a
 12.58 39.70

a
 8.74 

Mg 23.91
b
 6.60 15.59

a
 5.83 18.45

a
 4.04 

Ca 54.58
b
 19.85 40.60

a
 8.96 37.54

a
 12.95 
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Figure 1. Map of honey samples collection sites in Basilicata region (southern Italy)  
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