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ABSTRACT: Honey from stingless bees was examined as an indicator to evaluate the level of heavy metal 
pollution at six sampling locations (Oyun A, Oyun B, Bolounduro A, Bolounduro B, Jalala and Quarters) in and 
around University of Ilorin. Using the dry ashing digestion method the concentration of metals (Pb, Cr, Cd, Cu, Zn) 
were analyzed using Atomic Absorption Spectrometer. The concentration of metal (µg/kg) in the honey samples 
ranged from 0.010-0.001 for Cd, 3992.33-1755.67 for Zn, 2319.33-592.33 for Cu, 29.67 - 4.33 for Cr while Pb with 
concentration of 1µg/kg was found in only Quarter sample. Zn was the most abundant metal detectable in all the 
samples with the highest and least concentration obtainable from Oyun B and Bolounduro B respectively.  Statistical 
analysis of the studied metals showed Cu and Zn differ significantly out of the five studied metals. The highest 
concentration of Cu was observed in Oyun A sample the least was found in the Bolounduro A. Highest concentration 
for Cr was found in Oyun B while the least was obtained in Oyun A sample. Cd presented the lowest concentration 
level in all tested samples.All the detected heavy metals in the honey samples were at concentrations within their 
respective WHO permissible limit.Physicochemical Parameters like density, moisture content, free acidity, pH, ash 
content and electrical conductivity of the honey samples were also predetermined. The mean density of the honeys 
is 1.44±0.02, moisture content 14.25±2.52, pH 4.61±0.25, free acidity 44.08±2.46, Ash 1.48±0.64 and electrical 
conductivity 0.04±0.03. There was significant difference noted between the studied physicochemical parameters and 
strong correlations observed among some of the studied parameters.Some of the positive and negative detection of 
the result were found to correlate with activity and suspected pollutant in some of these sampling locations. 
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Stingless bee honey is a desirable bee product which 
has been consumed for ages in its natural form. (Crane, 
2013, Karabagias et al., 2014). It is composed of 
carbohydrates, amino acids, phenolic compounds, 
organic acids, vitamins, minerals, lipids and enzymes. 
These forms the major constituents of the honey. 
(Manzanares et al., 2014). Honey of stingless bee and 
Apis are similar in their compositional properties like 
ash and nitrogen contents (Alvarez et al., 2012). They 
however defer in terms of moisture content, acidity, 
viscosity, sucrose and mineral composition (Kek et al., 
2016, Vit et al., 2009). Stingless bees for ages on broad 
spectrum of flowers grow at different types of habitat, 
hence, producing different honey composition. The 
botanical source of the nectar, the environmental and 
climatic conditions as well as the species of the 
stingless bee mostly determines the physicochemical 
properties of the stingless bee honey produced. 
Stingless bee honey can be contaminated with 
inorganic elements such as heavy metals during the 
collection of raw materials by the bees or in the honey 
extraction processes. The content of these heavy 

metals in an unprocessed honey however depends on 
several variables such as the botanical origin of the 
plant visited by the bees as well as the regional and 
climatic conditions (Clara et al., 2014). In addition to 
the geographical and botanical origin, the 
anthropogenic factors near colonies is also a 
determinant for the presence of high concentrations of 
metals in bee products (Bogdanov et al., 2007, Silici 
et al., 2016). Plants accumulate metals in their tissues 
due to their ability to adapt to various chemical 
conditions in the environment. For this reason, some 
plants species are considered as accumulators of 
metals found in the soil, water and air (Malovolta, 
1994). Heavy metals present above the admitted levels 
by pollution standards are threat to human health 
(Mbiri et al., 2011). Honey producing bees contact 
innumerable surfaces during their foraging activities 
and therefore have been studied as biomonitors of 
environmental contamination with analysis of honey 
as a possible indicator of the magnitude of such 
contamination (Morse and Lisk, 1980). However, due 
to the paucity of data on this subject in Nigeria, this 
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paper examines the honey from stingless bees 
examined as an indicator to evaluate the level of heavy 
metals pollution at six sampling locations in and 
around the University of Ilorin, Kwara State, Nigeria 
 

MATERIAL AND METHODS 
Study site: The collections were carried out in urban-
agricultural area of University of Ilorin environ, Ilorin, 
Kwara State, Nigeria  with the following coordinates: 
Quarters: N08o 27o 41.2, E004o 38’ 32.2; Bolounduro: 
N 08o 28 32.7, E 004o 38’ 37.4; Jalala: N08 29 28.9, E 
004 38 42.2; Oyun: N 08 27 40.1, E 004 40 24.6. 
 
Reagent: All reagent used in this study were of 
analytical grade and doubly distilled water was used in 
their preparation. The chemicals and reagents needed 
are; distilled water, conc. Hydrochloric Acid (HCl), 
conc. Nitric acid (HNO3), Sodium Hydroxide (NaOH), 
Phenolphthalein indicator, ethanol (C2H5OH), Filter 
Paper. 
 
Apparatus: The apparatus that was used for this 
research includes; measuring cylinders, Beakers, glass 
rod stirrers, Crucibles , PH meter (HANNA 
instrument, , HI 96107), empty polyethylene bottles, 
5ml density bottles, Hot plate/burner, Analytical 
weighing balance, oven, muffle Furnace, Burette, 
Pipette, micro- Pipette, volumetric flask, hot plate or 
burner, conductivity meter (HANNA instrument USA 
made in Romania. HI 98129, Atomic Absorption 
spectrometer, pycnometer, laboratory funnel, 
Laboratory coat, thermometer, volumetric flask and 
protective eye glass. The apparatus collected from the 
department of Industrial Chemistry and Chemistry, 
University of Ilorin, Ilorin, Nigeria or appropriately 
sourced from another alternative. 
 
Sampling: The honey samples were collected directly 
from the colonies in properly identified sterile plastic 
containers. 
 
Preparation of samples: In the laboratory the honey 
sample was homogenized by stirring thoroughly at 
least for three minutes with a glass rod. (IHC, 2002). 
 
Physicochemical Studies: Free Acidity 
Determination:Acidity was obtained by performing 
the neutralization of acidic solution of honey. 1g of 
honey was measured and dissolved in 7.5ml of 
distilled water.  Using 0.01M sodium hydroxide 
solution prepared by taken 0.4g of NaOH dissolved in 
1liter of distilled water. 1% of phenolphthalein 
indicator prepared by adding 1g of phenolphthalein 
powder into 100ml volumetric  flask and adding 40ml 
of 95% ethanol mixed and made up to the mark with 
95% ethanol was used as indicator until a pink 

colourwas obtained for 10 seconds. The reading of the 
sodium hydroxide volume required in the titration was 
recorded and the result   expressed in Meq kg-1 using 
the equation. 
 

Acidity = V(NaOH) × PA 
 

Where V(NaOH)= volume of NaOH(ml), PA=sample 
weight (g). (Moraes and Teixeira, 1998). 
 
pH Determination: pH measurement was taken using 
a PH meter .4g of honey sample was taken and 
dissolved in 30cm3 of distilled water. The mixture 
homogenized and subjected to reading in a PH meter 
according to (AOAC, 2016) 
 
Determination of Density: The density of the honey 
sample was determined using pycnometry method. 
The densities of the samples were calculated by the 
expression; 
 

� =
(�� − ��)�

�(��)�
 

 
Where; W1= Mass of pycnometer when empty; W2= 
Mass of pycnometer when filled with honey sample; 
V= Volume of the pycnometer (Abu-Jdayii et al., 
2002). 
 
Determination of Moisture Content: The moisture 
content was determined using a digital Atago portable 
refractometer thermostated at 20oC and calibrated with 
distilled water. Few drops of honey were gently placed 
in the sample plate and then covered. Displayed 
readings were recorded and the procedure was 
repeated thrice. (Bogdanov, 2009). 
 
Ash Content Determination: Ash content was 
determined by weighing 5g of honey into a clean, dry 
crucible. This was preheated with a Bunsen burner to 
prevent honey foaming.  The samples were incinerated 
in a muffle furnace at high temperature (5500C) for 5h. 
The crucibles were cooled in a dessicator at room 
temperature and thereafter weighed and recorded 
accordingly. The ash content was expressed in 
percentage (%) using the expression; 
 

% AC =
(W�) − (W�)

W�

 × 100 

 
Where; AC = ash content; WA= weight of crucible 
after ashing; WC = weight of empty crucible; WS = 
original weight of sample(AOAC, 2016). 
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Determination of Electrical Conductivity: The 
electrical conductivity was measured using a 
conductivity meter.  10g of honey sample was 
measured and dissolved in 50ml of distilled water this 
was thoroughly mixed to form a solution. The 
electrical conductivity cell was immersed noting the 
temperature while the readings were expressed in milli 
Siemens per centimeter in accordance to (AOAC, 
2016). 
 
Determination of Metal Concentration: Sample 
Digestion: The honey sample was digested using the 
dry-ashing technique of Uren and Serifoglu (1998). 
10ml of each honey sample was measured using a 
measuring cylinder into a clean and dried crucible.- 
The honey sample was  heated for few minutes in order 
to dry off any moisture, this is allowed to cool in a 
desiccator and calcined at 550oC in a furnace, the 
resulting ash was digested through the addition of an 
aliquot composing of an acid mix of 3ml concentrated 
HNO3 (specific gravity 1.18 and 36% purity) and 1ml 
of concentrated HCl (specific gravity 1.42 and 97% 
purity) excess acid was evaporated through drying. 
The resulting solution is allowed to cool, filtered and 
transferred to a 100ml volumetric flask and made up 
to the volume. A blank digest was also carried out in 
the same way. The resulting solution was directly 
measured using Atomic Absorption Spectrometer. 
 

RESULT AND DISCUSSION 
Results of physicochemical parameters of all honey 
samples analyzed are reported in Table 1. All the 
honey samples are acidic. Average PH for all the 
studied samples is 4.61. The pH values observed in 
this study are comparatively similar to the work on 
stingless bee honey pH (3.32 – 4.90) as reported by 
Omafuvbe and Akanbi 2009, Adenekan et al., 2010, 
while the pH obtained from Quarter sample is higher 
though still within the stated PH of stingless bee honey 
which ranges from 3.15 – 6.64 as reviewed by Nordin, 
et al., 2018. However, all the samples investigated are 
within the allowed limit of international honey 
standards (PH of 3.42 – 6.10) codex alimentarius, 
2018. The low pH value of honey that is high acidity 
and possible other factors gives honey its 
antimicrobial property. However, this acidity may be 

neutralized in the body by buffering liquid fluids. 
Average moisture content in this study was 14.25%. 
As reviewed by Nordin et al., 2018. Moisture content 
in stingless bee goes from as low as 13.26% to as high 
as 45.8%; this variation is due to composition and 
floral origin from the honey samples.  
 
The average moisture content in this study conforms 
to be within the limit recommended by the 
international honey standard (not more than 20%) 
codex Alimentations, 2018. In another related work 
given by Omaya et al., 2014, Eleazu et al., 2013 and 
Issaro et al., 2013, the moisture content value reported 
in this study is still within the range given to prevent 
fermentation caused by micro-organisms and 
enzymatic factors. In the case of ash content for the 
honey samples examined in this work, the average 
value recorded is 1.5%. Ash is a direct measure which 
represents the inorganic residues after honey 
carbonization and the variability can be explained in 
terms of the floral source of the honey (Vit et al., 
1998). This of course and other factor make honey 
from bees a bioindicator. The mean electrical 
conductivity values of all samples examined is 
0.04mScm-1. The electrical conductivity can be 
described to be in direct relationship to the ash and 
acid content of honey reflecting the presence of ions 
and inorganic acids, the higher the ash and the acidity 
the higher the resulting electrical conductivity (Naman 
et al., 2005).  
 
The electrical values of the investigated honey 
samples are within the allowed limit of international 
standard (not more than 0.8mScm-1. The highest 
electrical value recorded in this study is similar to the 
report previously given in the study by Almeida et al., 
2013 with stingless bee honey electrical conductivity 
of 0.10mscm-1.  
 
The free acidity values in this study comply with the 
set standards by the international honey commission 
which is free acidity of not more than 50meqkg-1. As 
reviewed by Nordin et al., 2018, free acidity value for 
stingless bee honey ranges from 5.9meqkg-1 – 
592meqkg-1 Stingless bee honey usually features high 
acidity in comparison to the sting bee honey and this 
can be reflected in the taste.

 
Table 1. Physiochemical parameters of Honey samples analyzed form six locations. 

 Sample location 

Parameters 
Oyun 
A 

Oyun 
B 

Bolounduro 
A 

Bolounduro 
B 

Jalala Quarters Mean ± SD 

pH 4.30 4.38 4.54 4.64 4.71 5.08 4.61± 0.25 
Free Acidity (meqkg-1) 48.10 46.70 41.57 43.63 42.00 42.50 44.08 ± 2.46 
Moisture (%) 17.05 18.17 13.33 13.77 11.77 11.46 14.25 ± 2.52 
Density (g/ml) 1.42 1.41 1.44 1.45 1.43 1.46 1.44 ± 0.02 
Ash (%) 2:4 2 1.3 1.8 0.6 0.8 1.48± 0.64 
Electrical cnductivity, Sc/cm) 0.1 0.05 0.03 0.04 0.01 0.02 0.04 ± 0.03 
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Table 2: Result of heavy metals concentrations in analyzed honey sample in µg/kg. 

Sample Pb Cr Cd Cu Zn 

Oyun A  ND 1.9 ± 0.82 0.002 2319.33± 0.47 3073.33 ± 0.47 
Oyun B  ND 29.67 ± 0.58 < 0.001 592.33 ± 1.25 3992.33 ± 0.47 
Bolounduro A  ND 8.00 0.0033 ± 0.000473 858 ±1.41 2209.33±0.47 
Bolounduro B ND 5.00 0.010 1611.33 ± 0.47 1755.67±0.47 
Jalala ND 12.33 ± 5.06 0.001 1045.33 ± 0.47 1899.67±0.47 
Quarters  1.00 4.33 ± 0.47 < 0.001 983.33±0.94 2188.67±0.94 
WHO/FAO MPL 25µg/kg 100mg/kg 0.5mg/kg 300mg/kg 350mg/kg 

ND: No detection, MPL: Maximum permissible limit 
 
Heavy Metals Analysis: The proportion of metal in 
honey depends mostly on what the bees pick for 
making the honey. Heavy metals among many other 
materials serve as one of the major pollutants in the 
environment especially in the soil and water. The 
heavy metals and other materials find its way through 
many natural and ecological phenomenon into the 
systems of bees hence the honey made. Within the 
limited resource of this research work some metals 
were studied for this bio indicating purpose. 
Concentration levels of selected heavy metals are 
reported in Table 2.The result obtained in this study 
showed the detection of Pb only in one sample 
(Quarters sample), this is likely caused by pollution 
form vehicular traffic due to proximity of the bee hive 
to the major busy road of the university. Lead (Pb) is 
regarded as one of the most widespread toxic metal 
pollutants. Like cadmium (Cd), they are both non-
essential element and are usually detected among the 
many metals transferred to the body system of bees 
and their products (Satta et al., 2012; Hladan et al., 
2015). Pb contamination generally correlates with air 
pollution by industry and exhaust gasses. (kovacik et 
al., 2016).In this sample concentration determined for 
Pb is 1µg /Kg which is very low to the acceptable 
levels of 25µg/Kg jointly proposed by the world 
Health organization (WHO) and the Food and 
Agricultural Organization (FAO). Alqorni et al., 2012.  
In a similar research carried out by Nascimento et al., 
2018, Pb was also detected only in one of the samples. 
Pb is considered to have a limited accumulation in 
plants and not readily bio available to plants (Hladun 
et al., 2015, Davies et al., 2003) therefore its low 
concentrations is justified in the raw materials for 
honey production as the nectar is less exposed to other 
source of contamination in the environment such as air 
(Silveira et al., 2013). These may have given a 
correlation with Pb concentration below the detection 
limit in 98% of the analyzed samples in this study. Cd 
is another metallic element whose source is soil passed 
to plants and nectar (Kovacik et al 2016). Cd in this 
study presents a very low concentration with the 
highest value of 0.003µg/kg detected in Bolounduro A 
sample while the least value of 0.001µg/kg was 
obtained in Jalala sample. There was no Cd detection 
in Quarters and Oyun B of the honey sample. Highest 
concentration of Cd was observed in Bolounduro B, 

this may have resulted from the use of phosphate 
fertilizer in the area. Phosphate fertilizer is the main 
source of Cd in agricultural soil because it contains Cd 
as a contaminant (Williams and David, 1973).  Zn was 
the predominant heavy metal observed in all the 
studied samples followed by Cu. This can be attributed 
to their extensive circulation as micro nutrient in the 
soil to plant system, the natural abundance of Zn in the 
soil, intensive use of agrochemicals such as fertilizers 
and pesticides in neighboring farms close to hive. 
Oyun B presented the highest value of Cr having 
29.67µg/kg; this may be attributed to its closeness to 
river due to Cr deposit in the river which can result 
from domestic and industrial discharge leading to the 
contamination of the soil and ground water. The least 
Cr concentration of 4.33µg/kg was reported in 
Quarters sample. 
 
Conclusion: The present study showed honey contains 
metals in varying concentration due to different 
variables associated to the geographical location and 
origin of the sourced nectar. Detection of these heavy 
metals which can be threatening to plant and animal 
lives living within the environment when present 
above the tolerable limit supports that stingless bees 
honey is a good bio-indicator of environmental 
pollution which can be used to constantly monitor 
contaminants within and around the environment. 
Although all metals analyzed in this study are below 
the WHO/FAO permissible limit, application of the 
appropriate pollution control measure at higher levels 
after monitoring will help to keep the environment 
safe andtolerable. 
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