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Abstract

Honey, despite its nutritional and therapeutic properties, can pose significant risks to
environmental health and food safety due to the presence of contaminants. This study
investigated the occurrence of organophosphate pesticide residues in honey samples
collected from hard-to-reach apiaries in Nigeria and examined the relationship between these
residues, honey purity, and nutritional composition. Multiple organophosphate residues were
detected using Gas Chromatography—Mass Spectrometry, with dimethoate and merphor
being the most prevalent. Although all detected concentrations were below the maximum
residue limits (MRLs) set by the European Food Safety Authority (EFSA), some values,
particularly dimethoate from Imosan, approached the regulatory thresholds. Nutritional
analysis revealed that the protein, moisture, ash, and sugar contents of the honey samples
generally fell within international quality standards. Statistical correlations indicated strong
associations between honey purity and pesticide residues, as well as with moisture and dry
matter content. This study underscores the need for continuous monitoring of pesticide
residues in apicultural products and highlights potential implications for food safety and public
health.

Keywords: Honey; pesticides; Nutritional analysis; purity; MRLs

JABS 2025 | https://doi.org/10.53974/unza.jabs.9.1.1403


https://journals.unza.zm/index.php/JABS/article/view/1403
https://journals.unza.zm/index.php/JABS/article/view/1403
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
mailto:olusegunomotayo60@gmail.com
https://crossmark.crossref.org/dialog/?doi=10.53974/unza.jabs.9.1.1345&domain=pdf

- Journal of Agriculture and Biomedical Sciences — JABS 2025 | Volume 9 | Issue 1

1.0 Introduction

Due to their nutraceutical and therapeutic properties, scientists have focused their research on
honeybees’ products (Hashemirad et al., 2024). Most significantly, honey, a sweet product from
the enzymatic breakdown of the nectar of flowers, followed by regurgitation and evaporation.
Honey is an aqueous concentrated substance composed of several beneficial compounds,
including organic acids, carbohydrates, minerals and water (Manzanares et al., 2011; Giampieri
et al., 2022). According to the National Honey Board (2003), honey is a source of energy and a
therapeutic agent for several diseases. Such diseases include heart problems, inflammatory
diseases, microbial illnesses, cancers, oxidative stress, hypoglycaemia, immune disorders and
allergic responses (National Honey Board, 2003; Alvarez-Suarez et al., 2010; Bakour et al., 2021;
Nainu et al., 2021; Martinello et al., 2021; Al-Juhaimi et al., 2022; El-Seedi et al., 2022; Liew et
al., 2022; Zhang et al., 2023). Also, on rare occasions, honey is employed in wound healing
(Molan and Betts, 2004).

Recently, studies have shown that pesticide residues are present in honeybees and honey
products. Being foragers, honeybees can make contact with pesticides, transport them to their
castes, and eventually mix them with their products, including honey, beeswax and propolis
(Daniele et al., 2018; Carneiro et al., 2022). Furthermore, direct pesticides are used to protect
honeybees against parasites. Such organisms include Varroa destructor, Nosema species and
Acarapis woodi (Beekman and Ratnieks 2000; Colin et al., 2004). Similarly, contact with
pesticides during inspection within the hives is another route of contamination (EI-Nahhal,
2020; Saad et al., 2023). Finally, ingestion of polluted waters, pollens and nectars are other
pathways of pesticides in honeybees and their products (Rodriguez-Lépez et al., 2014).
Studies have reported the health implications of pesticides on honeybees; however, more
adverse effects are pronounced in humans. For instance, Tavares et al. (2017) reported a
reduction of survival rates of young honeybees upon pesticide exposure. Tavares et al. (2017)
and Tosi et al. (2017) recorded alteration of flight, acetylcholinesterase (AChE) and glutathione-
S-transferase (GST) activities after pesticide exposure. More importantly, as reported by Tison
et al. (2023), pesticides are responsible for honeybees’ population reduction, termed a “colony-
dispersed disorder", which drew the attention of several researchers a decade ago.

On humans, pesticides in food like honey are a great concern for public health. For example,
more than 3 million cases of pesticide food poisoning have been recorded worldwide (Oyinloye
et al., 2021). While in Nigeria, nearly 150,000 deaths have been linked to pesticide-related food
poisoning (Daily Post, 2023), raising public concern over food safety. As honey is increasingly
recommended by dietitians for its nutritional benefits, consumers demand products that are
safe and of high quality (Baga Cesnik et al., 2019). However, the presence of pesticides in honey,
even at low concentrations, may pose health risks to humans, thereby necessitating rigorous
monitoring and control to prevent pesticide infiltration into the food web (Blasco et al., 2011;
Kujawski and Namiesnik, 2011; Barganska et al., 2013). To monitor and assess the level of
pesticide, the European Commission and European Food Safety Authority (EFSA), under
Regulation (EC) 396/2005, have set the maximum residue levels (MRLs) of pesticides in
products of plant and animal origin, including honey (EU, 2002; Basa Cesnik et al., 2019).
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Globally, organophosphate-based pesticides are widely employed due to their efficacy on target
insects and their relatively mild effects on the environment (Al Nahhal, 2020). Given their
lipophilic nature, the residues of organophosphates are typically monitored using Gas
Chromatography-Mass Spectrometry (GC-MS). Studies have reported pesticides in honey from
several countries. Such countries include Egypt (Malhat and Nasr, 2013; Malhat et al., 2015),
Belgium (Pirarda et al., 2007), Brazil (Rissato et al., 2007), Lebanon (Al Alam et al., 2017), China
(Jin et al., 2006; Xiao et al., 2022), France (Wiest et al., 2011), India (Choudhary and Sharma,
2008) Italy (Chiesa et al., 2016; Panseri et al., 2014) and Poland (Ligor et al., 2020). Also, in
Nigeria, several studies have been reported on the presence of pesticides in honey (Malhat et
al., 2015; Toma et al., 2020; Lekduhur et al., 2021; Dowell et al., 2023; Tesi et al., 2024).
Despite the limit established by the European Food Safety Authority (EFSA), some studies in
Nigeria have been reported to be above the limit. For instance, Lekduhur et al. (2021) assessed
the pesticides in honey from Plateau State, Nigeria and found the values above limits. Similarly,
Toma et al. (2020) reported similar findings in Adamawa, Nigeria. However, there remains a
paucity of data on the level of pesticides in honey, particularly in Southwest Nigeria. This
knowledge gap is especially evident in the Odogbolu Local Government Area of Ogun State, a
region where agriculture constitutes a primary economic activity.

Meanwhile, previous studies have postulated a potential link between pesticide residues, the
nutritional composition, and the purity of honey (Mukherjee, 2009; Panseri et al., 2014);
however, empirical evidence supporting this relationship remains limited and inconclusive.
Therefore, the present study seeks to: (1) detect and quantify organophosphate pesticide
residues in honey samples; (2) conduct proximate analysis to determine the nutritional
composition of the honey; (3) assess and compare the purity of the honey samples; and (4)
evaluate potential correlations between pesticide residues, nutritional quality, and purity. This
investigation is expected to contribute to food safety knowledge and inform regulatory
measures in the region and surrounding cities.

2.0 Materials and Methods

2.1 Study Area

We sampled honey from distinct apiaries in Ogbo, Imosan, Ishiwo and ljagun, located within
the Odogbolu Local Government Area, Ogun State, Nigeria. This local government is
predominantly agricultural, with significant cultivation of cassava, maize, yams, and various
fruits and vegetables driving the local economy. The areas exhibit steadily elevated
temperatures year-round. The wet season, characterised by substantial rainfall and elevated
humidity, extends from April to October. Odogbolu Local Government, directly east of ljebu
North, borders Aiyepe and Odo-Gbuwa to the south, Araromi Ake and Irolu to the north, and
Ikenne to the west.

2.2 Sample Collection and Preservation

Fresh honey samples were collected (in triplicate) after dawn from strong and presumed
healthy colonies at each apiary site following the procedure of Abay et al. (2023). To reflect
geographic diversity and local apicultural practices, four distinct apiary sites were selected
across the ljebu lands, each representing unique floral and environmental conditions. Our
criteria include the apiary’s productivity and history of honey production. This approach was
chosen to provide a representative overview of honey quality and potential pesticide
contamination across the region. The sample replication enables internal consistency and
reliability of the analytical data. Our number of samples (n =12) was determined based on
available active apiaries during the sampling period, while ensuring a balance between
statistical relevance and resource limitations. After collection and adequate labelling, samples
were conveyed on frost to the laboratory for extraction and pesticide residue analysis.
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2.3 Chemicals and Reagents

In this study, we employed the reagents and chemicals according to established scientific
protocols. The reagents include; 1g each of anhydrous magnesium sulfate, trisodium citrate
dihydrate, and sodium chloride; 10 ml of HPLC grade acetonitrile (299.9% purity); standard
active ingredients (pesticides) were prepared for analysis. The laboratory materials required
included 20 ml bottles, a shaker, a vortex mixer, a centrifuge tube, and a 100 ml beaker. The
chromatography was performed using a 15cm column having an interior diameter of 1cm,
occupied by glass wool and silica gel of 5g, and 3g of anhydrous sodium sulphate. For Crude
Fat measurements, materials are a Soxhlet apparatus and accessories, oven, desiccator,
analytical balance and petroleum spirit.

2.4 Extraction and clean-up

The extraction and clean-up of honey samples in this study were conducted according to the
methods of Lehotay et al. (2005) and Azeez et al. (2023), with slight modifications. An Agilent
Technologies 7890 GC system coupled with a 5975-mass spectrometer was utilised to identify
organophosphate residues. A 2 g portion of honey was deposited into a 20 ml bottle and
combined with 1 g of anhydrous magnesium sulphate, trisodium citrate dihydrate, sodium
chloride, and 10 ml of acetonitrile. The mixture was agitated for 15 minutes and subsequently
whirled for 5 minutes to ensure thorough homogenisation. The transparent acetonitrile
extract was carefully decanted into a centrifuge tube and spun at 2000 rpm for 10 minutes.
The resulting supernatant was then strained. An aliquot of the strained extract was relocated
into a 100 ml beaker. For further clean-up, 3 g of anhydrous sodium sulphate was arranged
vertically in a column (15 cm in length, 1 cm internal diameter), enclosed with glass wool and
layered with 5 g of silica gel to absorb any residual water. The extract was eluted through the
column into sample vials for subsequent analysis.

2.5 Quantification of organophosphates (pesticides) by gas chromatography and mass
spectrometry

The GC-MS analysis was conducted using an Agilent Technologies 7890 gas chromatograph in
combination with a 5975-mass spectrometer, which was equipped with a 25-meter x 0.30-
mm SE-54 (DB-5) fused-silica capillary column featuring a 1-um film thickness. The
temperature programme was initiated at 190°C for 1 minute, then increased to 240°C at a rate
of 2°C per minute, and subsequently held at 240°C for 2 minutes. The injector temperature
was adjusted to 260°C, and the detector temperature was stabilised at 290°C. Nitrogen was
employed as the carrier gas at a flow rate of 1.2 ml/min, with a split ratio of 60:1, and a sample
injection volume of 1 pL was administered.

2.6 Quality Control

The analytical procedure was adhered to meticulously to ensure the reliability and precision
of the results. Anhydrous sodium sulphate was utilised to eliminate any residual moisture from
the samples before GC-MS analysis, thereby preventing moisture-related interference. The
GC-MS instrument was routinely calibrated, and any deviations in instrument performance or
recovery rates were immediately corrected to uphold the validity of the analytical outcomes.

2.7 Determination of Nutritional Content
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We analysed the honey samples following the established procedures outlined by the
Association of Established Analytical Chemists (A.0.A.C. 2005) at S.M.O Research Laboratory,
Ibadan, Oyo State, Nigeria.

2.7.1 Assessment of Crude Protein Content

Crude protein content was evaluated with the standard Kjeldahl procedure, where 2g of the
honey sample, 0.2g of CuSOs, as the catalyst, and 1g of K2SOs4 were added to 15 ml of
concentrated H,S04. Sample digestion was done at 420°C for 75 min. The digested product is
diluted in 50 ml of distilled water. Then 45 ml of 15 mol/L NaOH is added to release the
ammonia absorbed in the boric acid solution, forming an ammonium borate. Ammonium
borate was titrated with a (proportional to the amount of nitrogen) with 0.1 mol/L HCl. An
automatic Kjeldahl analyser (Velp Scientifica™ UDK, F30200150) method of determination was
used to determine % protein content.

2.7.2 Measurement of Crude Fat

Crude Fat in the honey sample was determined by drying fats after extraction in a Soxhlet
using Diethyl ether as described by AOAC (1990). 5 g of the honey sample was mixed with 99%
ethyl alcohol of 2 mL then diluted with 10 mL of dilute HCI (44% v/v) and further mixed. We
extracted the hydrolysed fat with petroleum ether (100 ml) after 4 hours in the Soxhlet
extractor. After the petroleum ether had been evaporated from the fat, it was transferred to
a pre-weighted fat extraction flask and allowed to dry. The crude fat% was calculated as
follows:

Fat content (9/100) =

Weight of flask and the dried crude fat — Weight of extraction flask /Weight of honey sample *
100

2.7.3 Determination of moisture content in honey

Moisture content was evaluated using the procedure explained by AOAC (1990). To liquify the
solid particles, 5g of the honey sample was dissolved in 50 ml of distilled water at 50 °C. After
cooling, 0.1 ml of the lysate was placed in the prism of the digital refractometer (RFM 330,
Bellingham, USA) to take the reading at 20 °C. We searched the results from the refractive
index reading (Bogdanov, 2009).

2.7.4 Estimation of Ash content in honey

Ash content was determined according to the protocols described by AOAC (1990). A5 g
honey sample was placed in a silica crucible and kindled for 3h at 500°C in a muffle furnace.
Ash content was estimated by:

Ash content (9/100) =
Mass of the residue and crucible — Mass of crucible/Weight of honey sample * 100

2.7.5 Evaluation of Fibre Content in Honey

The amount of fibre content was evaluated by the procedure explained by AOAC (1990). The
protocol is based on boiling 2g of honey samples in dilute H2SO4 (0.255 N) of 100 ml for 1 hour
to remove impurities such as protein and sugar. After acidic digestion, the honey was further
boiled in dilute NaOH (0.313N) to remove soluble impurities, leaving over cellulose,
hemicellulose and lignin. The product is filtered and dried at room temperature. The dried
residue is weighed to determine the percentage of crude fibre content.
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Fibre content (%) =
Weight of Residue after Acid and Alkali Treatment/Weight of honey sample * 100

2.7.6 Nitrogen-free Extract (NFE) in honey

Nitrogen-free Extract (NFE) was evaluated using the procedure explained by AOAC (1990). The
protocol is based on the addition of the percentage of all the content subtracted by 100. The
equation to calculate NFE is:

NFE = 100 — (%Moisture + % Crude Protein + % Crude Fat + % Crude Fiber + % Ash)

2.7.7 Determination of Phosphorus (Spectrophotometric method)

Phosphorus content was determined by the spectrophotometric method according to the
protocols described by AOAC (1990). Honey samples were digested with HCl and HNOs in ratio
(2:3) for half an hour at 190 °C. Following digestion, honey were filtered with Whatman filter
paper (0.45 um) in glass vials before analysis. UV-visible spectrophotometer (Model U2001,
Hitachi Co., Tokyo, Japan) was used to assess the phosphorus contents. The percentage of

phosphorus was calculated using the formula:
%Phosphorus = Absorbance = Dilution factor/1000

2.7.8 Determination of percentage purity of Honey

The percentage purity of honey samples was evaluated by the procedure explained by AOAC
(1990). 1g of the honey sample in a 100 ml beaker was diluted in 85 ml of distilled water while
continuously stirred with a sterilised glass rod for absolute dissolution. Following dissolution,
the mixture was filtered with Whatman filter paper in another 100 ml beaker. The residue,
along with the filter paper, was heated at 60°C in an oven for 60 minutes. The residue and
filter paper were cooled in a desiccator and weighed.

The percentage purity was calculated using the following formula:

%Purity =
Weight of honey — (Weight of filter paper + residue) — (Weight ofempty used filter paper)/100

2.8 Statistical Analysis

We analysed the data obtained with IBM-SPSS statistical software version 21.0 (IBM Corp,
2012). Using analysis of variance (ANOVA), the mean values of pesticide residue in honey and
the nutritional composition of honey samples were compared across sample sites. The results
were presented as Mean + SD using the Student Newman Keuls (SNK) post hoc test. Statistical
significance was defined as a probability value (p < 0.05). The link between the nutritional
composition, purity, and pesticide residue levels in honey samples obtained from the study
sites was studied using the Spearman correlation.
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3.0 RESULTS

3.1 Pesticide Residues in Honey

Residues of pesticides (organophosphates) in honey from the apiaries of Odogbolu LG are
presented in Table 1. We identified a total of nine (9) pesticides in the honey samples from all
the locations. This includes: Coumaphos, Diazinon, Dichlorvos, Dimethoate, Ethylazinphos,
Malathion, Merphos, Phorate and Terbufos. The maximum concentration was recorded in
Imosan (0.007mg/L), followed by Ishiwo. However, as shown in Table 2, there were no
statistically significant differences (p > 0.05) in Dimethoate concentrations across all locations.
Similarly, statistical analysis revealed no significant differences (p > 0.05) in Merphos
concentrations among the locations. Malathion was detected in Ishiwo (0.001+£0.000 mg/L) and
Ogbo (0.001+0.000 mg/L), with no significant difference (p > 0.05) between the two locations.
Likewise, Phorate was present in Ishiwo (0.002+0.001 mg/L) and Imosan (0.001+0.000 mg/L),
but their levels did not differ significantly (p > 0.05). Terbufos was detected only in Ishiwo
(0.001+0.000 mg/L) and was not found in other locations.

3.2 Nutrient Composition of Honey

The nutritional composition of honey samples collected from Ishiwo, Ogbo, Imosan, and ljagun
in Odogbolu Local Government Area, Southwest Nigeria, is presented in Table 3. Fibre was not
detected in any of the honey samples from the four study locations. The highest crude protein
content was recorded in honey from Imosan, followed by Ishiwo and ljagun. The protein levels
in honey from Ogbo and ljagun were lower and did not differ significantly (p > 0.05). Similarly,
the ash content was significantly higher (p < 0.05) in honey from Imosan compared to other
locations, whereas honey from Ogbo had the lowest ash content. No significant difference (p >
0.05) was observed in the ash content of honey samples from Ishiwo and ljagun. Furthermore,
the concentrations of crude fat, moisture content, dry matter, and nitrogen-free extract in
honey samples from the four study locations did not show any statistically significant
differences (p > 0.05).

3.3 Percentage Purity of Honey

Figure 4 shows the percentage purities of honey samples from Ishiwo, Ogbo, Imosan and ljagun
in Odogbolu Local Government Area, Southwest, Nigeria. The highest percentage purity
(91.1%) of honey was observed in Ogbo. Meanwhile, honey from ljagun has the lowest
percentage purity (53.9%). However, the percentage purity recorded in the honey from Ogbo
and Imosan was not significantly different.

3.4 Relationship between Honey Purity, Nutritional Composition and Pesticide Residues in
Honey

Table 4 presents the relationships between honey purity, nutritional composition of honey and
levels of pesticide residue in honey samples obtained from the study areas. On pesticide
residues, the relationship recorded between honey purity and levels of Dimethoate, Merphos,
Malathion and Terbufos residue in honey samples was not significant. Meanwhile, complete
correlation (r = 1.00) was recorded between honey purity and the levels of Coumaphos,
Diazinon, Dichlorvos and Phorate residue in honey samples. On Nutritional Composition, honey
purity showed a complete positive correlation (r = 1/.00) with the dry matter content of the
honey. On the other hand, a complete negative correlation (r = - 1.00) was recorded between
honey purity and the moisture content of honey samples. On the other hand, the relationships
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between honey purity and levels of protein, fat, ash and nitrogen-free ether were not
significant.

4.0 Discussion

This study confirmed the presence of organophosphate pesticides in the honey from selected
apiaries. As expected, this finding contributed to the previous reports on the rampant usage of
organophosphates throughout the world, even in Nigeria, after the ban on organochlorine
pesticides (Porrini et al., 2003; Rodriguez Lépez et al., 2014). Moreover, as honeybees forage
for nectar, worker bees might take pesticides to their caste (Calatayud-Vernich et al., 2018;
Carneiro et al., 2022). The other possible pathways of contamination include drinking
contaminated water, contact with sprayed crops or plants, feeding on contaminated nectar and
pollen and inhalation of pesticide fumes during flight (Beekman and Ratnieks, 2000; Colin et
al., 2004; Bogdanov, 2006). Furthermore, the morphology of honeybees, including their small
volume, hairy bodies, and expanded surface area, also eases the adhesive connection with
sprayed leaves, plants and water (Balayiannis and Balayiannis 2008).

In Ogbo town, honey are composed of varieties of pesticide residues, proving that complex
agricultural activities, including the planting of crops, rearing of animals and diverse apicultural
practices, thus, pesticide usage is prominent in this location. Furthermore, the proximity
between this local region and other surrounding industrial towns further explains the presence
of diverse pesticide usage in the region. Whereas, Ishiwo town is a densely populated town
where farmers also rely on agriculture as the source of their economy. However, these farmers
are heavily disturbed by pests and diseases on their farmlands. Hence, they rely on pesticides.
Imosan and ljagun towns are underdeveloped and less populated towns. Farmers might be less
exposed to knowledge of pesticide usage and varieties. Compared to previous studies in
Nigeria, this study confirmed the presence of pesticides in honey. Thus, it is in line with
Bwatanglang et al. (2019), Toma et al. (2020), Lekduhur et al. (2021) and Tesi et al. (2024);
however, it is not in agreement with Bogdanov (2006) and Fasasi et al. (2024). On the specific
concentration of each pesticide residue in honey, dimethoate is the most frequently occurring
pesticide. Most especially in Imosan, where the dimethoate is densely found in the honey. Like
other organophosphates, dimethoate is an active ingredient used in insecticides for a variety of
plants. Its mild toxicity and less persistence on the farmland soil advocate for its continuous
usage in Imosan and other surrounding towns. Similar findings are reported by previous studies
(Calatayud-Vernich et al., 2016; Calatayud-Vernich et al., 2018; Zioga et al., 2020; Murcia-
Morales et al., 2022).

In line with dietitians’ recommendations of honey, several consumers request safe and high-
quality honey. Most especially that pesticides have been detected in honey from different
countries. To monitor the pesticides in honey, the European Food Safety Authority (EFSA),
under Regulation 396/20 of the Council and European Parliament, has set maximum residue
limit (MRLs) values for each pesticide in products for animals including honey from honeybees
(Regulation (EC), 2005). The result of the study showed that all the pesticide concentrations
detected from honey samples are below European Commission MRL values. However, it is
important to note that dimethoate from Imosan is almost half (7ng/g to 20ng/g) of the MRL
value, contributing to the fact after some time, it is possible to exceed the MRL value, causing
a possible health risk to man. On the Maximum Residue Limit of the European Commission,
this study agrees with previous studies that affirmed that the concentration of pesticides in
honey is below the EFSA limits (Tesi et al., 2024; Dowell et al., 2023). However, this study is in
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the opposite view from other previous studies (Malhat et al., 2015; Toma et al., 2020; Lekduhur
etal., 2021).

Regarding the nutritional contents of honey samples, we analysed the protein, fat, moisture,
ash, fibre, and nutrient-free extract. The sources of proteins in honey are enzymes and their
derived products from honeybees. Therefore, higher protein content indicates the quality of
the honey (Ahed and Khalid, 2017). Moving forward, the World Health Organisation has
reported the standard range of protein content in honey as 0.1 to 1.5% (Adeniyi et al., 2014;
Ya'u et al., 2020). In this study, we detected proteins that range between 0.27% — 0.77%; thus,
honey proteins fall within the standard ranges. Buba et al. (2013) also documented similar
results on the protein content of honey. Moreover, the findings of the present study and Buba
etal. (2013) are in agreement with previous studies (Saxena et al., 2010; Buba et al., 2013; Ahed
and Khalid, 2017; Boussaid et al., 2018). Fats are an important diet in humans for energy storage
(Pickova et al., 2009), thermal insulation, electrical insulation, and hormonal production. From
the result of the study, crude fats exhibited low content, which is in line with previous studies
(Buba et al., 2013; Anikwe et al., 2016; Famuyiwa et al., 2020). This, with earlier studies on
protein and fat in honey, strengthens the fact that honey is not a good source of protein and
fats.

Moisture is the water presence in honey. It defines the ripeness, quality, and shelf life of honey
(Bogdanov, 2009; Gulfraz et al., 2011). Moving forward, moisture content relates to viscosity
and crystallisation (Azeredo et al., 2003; Nombre et al., 2010). The Ethiopian standard, Codex
Alimentarius Standard, and the European Union (EU) have all set the same standard for the
moisture content of honey as <20% or below 20 g/100 g (Codex, 2001; EU, 2002; QSAE, 2005).
Moisture content of the present study displayed values within these standards, which is the
same view as previous studies (Omafuvbe and Akanbi, 2009; lbrahim-Khalil et al., 2012, Buba
etal., 2013; Nayar et al., 2017, Boussaid et al., 2018). Similar to moisture content, the Ethiopian
standard, EU, and Codex Alimentarius Standard also placed a standard of <0.6% on ash content
(Codex, 2001; EU, 2002; QSAE, 2005). Ash content is the overall inorganic mineral content of
the honey, reflecting its authenticity and colour (Teferi et al., 2019). Except for Imosan (>0.6%),
ash contents in the current findings demonstrated values between the ranges of the standard
(<0.6%). The variance of ash content from Imosan might be attributed to the ages of honey,
plant sources or the topographical location of the apiary site, as suggested previously by
Adenekan et al. (2012) and Elsohaimy et al. (2015). In accordance with the view of the
standards, similar reports have been reported previously (Adenekan et al., 2012; Gulfaraz et al.,
2011; Oyeyemi et al., 2015).

The Nutrient-free extract is composed of reducing sugar and non-reducing sugar. Carbohydrates
in honey constitutes 70% of the monosaccharides (glucose and fructose), 10% of disaccharides
and 20% of other complex sugars. The amount of nutrient-free extract present in the analysed
honey ranged from 96.25+0.25 to 97.82+1.58, which is in accordance with the standards of
Ethiopia, Codex Alimentarius and EU. Likewise, Nemo and Bacha (2021) also reported that
reducing sugar in analysed honey falls within the standard limit. As proposed by Elsohaimy et
al. (2015), the slight variation in the nutrient-free extract might be from varying beekeeping
styles, differences in the processing and storage techniques and the types of source plants.
Similarly, the fibre contents and dry matter fall within a reasonable range. The overall variation
and similarities of the nutritional contents might arise as a result of anthropogenic and
environmental factors, including apicultural management, anatomy of the plants and weather
conditions.
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In the present study, the percentage purity of the honey samples varied across the different
apiary sites. Based on our findings, the percentage purities are believed to fall within acceptable
limits. To the best of our knowledge, this is the first study to report such findings. The observed
variations in purity values may be attributed to natural or anthropogenic factors. For instance,
El-Sohaimy et al. (2015) suggested that changes in the nutritional constituents of honey may
result from diverse weather conditions, differences in beekeeping management practices, and
variations in storage techniques.

As far as we know, this current study represents the first attempt to evaluate relationships
between honey purity, nutritional contents of honey and concentration of pesticide residues.
Our results showed a significant positive correlation (r = 1.00) between honey purity and the
levels of Coumaphos, Diazinon, Dichlorvos and Phorate residue in honey samples. This showed
the possibility of increasing the purity of honey even in the presence of contaminants like
pesticides. Thus, the presence of pesticides in honey has no significant impact on the purity of
the honey. Moving forward, the values of honey purity showed a positive correlation (r = 1.00)
with dry matter content in honey on nutritional composition. Finally, we recorded a complete
negative correlation (r = - 1.00) between honey purity and the moisture content of honey
samples. This shows that honey purity is inversely proportional to the moisture content of the
honey. Thus, to purify honey to the maximum extent, maximum dehydration must be carried
out.

This study is not without limitations, which warrant attention in future research. Our sample
numbers were relatively small ccomparedsurrounding apiaries; however, the number was
based on the available active apiaries during the study periods. Although pesticide residues
were detected in honey samples, a detailed assessment of the associated health risks, including
both carcinogenic and non-carcinogenic effects, was beyond the scope of the present work and
should be pursued further. Moreover, future investigations should evaluate the level of
knowledge and practices of farmers, who are primarily responsible for pesticide application,
and, to a lesser extent, beekeepers regarding pesticide usage. Such studies would offer valuable
insights into potential interventions aimed at reducing pesticide contamination in apicultural
products.

Honey is one of the major food sources and therapeutic agents. The present study
complements the previous study on the presence of pesticides in honey. Previously, the
presence of xenobiotics in human physiology has been proven to have an adverse effect on the
morphology and human genome (Owagboriaye et al., 2017). The presence of pesticides
(xenobiotics) in our food is another emerging world problem in line with Sustainable
Development Goal 3 (good health and well-being). Therefore, should be a major concern not
only to science but to the world of research.
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Conclusion

This study, based on its findings, provides evidence of the presence of organophosphate
pesticide residues in honey produced across selected Nigerian towns. Although the detected
concentrations were within acceptable regulatory limits, the detection of dimethoate nearing
its maximum residue limit (MRL) suggests a potential for future exceedance if pesticide use
remains unchecked. Furthermore, the correlation between pesticide residues, honey purity,
and nutritional composition emphasises the complex relationship between agricultural
practices, contaminants and food quality. These findings highlight the need for enhanced
regulation, increased public awareness, and the adoption of safer pest control practices among
farmers and beekeepers. Moreover, continuous surveillance and comprehensive risk
assessments are essential to safeguard both environmental and human health, aligning with
global efforts toward achieving Sustainable Development Goal 3 on Good Health and Well-
being.
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Appendix A. Figures
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Figure 1: Map of Odogbolu Local Government Area showing the sample sites.
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Appendix A.2
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Figure 2: Percentage purity of honey samples produced in selected areas within Odogbolu
Local Government Area, Southwest, Nigeria. Error bars represent Standard deviation; Bars
with similar alphabets are not significantly different (p > 0.05)
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Appendix B. Tables
Appendix B.1
Table I: Pesticide residues (mg/L) in honey samples from Odogbolu Local Government Area, Southwest, Nigeria, and the Maximum Residue Limit

ISHIWO 0GBO IMOSAN IJAGUN MRL (EU, 2005)

Active ingredients P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 P11 P12

Coumaphos ND ND ND 0.002 ND ND ND ND ND ND ND ND  0.01
Diazinon ND ND ND 0.003 ND ND ND ND ND ND ND ND 001
Dichlorvos ND ND ND 0.001 ND ND ND ND ND ND ND ND 001
Dimethoate 0.006 0.002 0.002 0.004 0.004 ND 0.001 0.003 0.007 0.004 ND ND  0.02
Ethyl azinphos ND ND ND ND ND ND ND ND 0.001 ND ND ND 001
Merphos 0.001 ND 0.004 0.001 ND ND ND 0.001 ND 0.002 ND ND 001
Malathion ND 0.001 ND 0.001 ND ND ND ND ND 0.001 ND ND  0.02
Phorate 0.002 ND 0.001 ND ND ND ND ND ND ND ND ND  0.05
Terbufos 0.001 ND 0.001 ND ND ND ND ND ND ND ND ND 001

(MRL) of European Union and European Food Safety Authority (EFSA) regulation.
Concentration in mg/L can be converted to ng/g*1000.
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Appendix B.2

Table II: Pesticide residues (mg/L) in honey samples from Odogbolu Local Government Area, Southwest, Nigeria
ISHIWO OGBO IMOSAN IJAGUN
Coumaphos ND 0.002+0.000° ND ND
Diazinon ND 0.003+0.000° ND ND
Dichlorvos ND 0.001+0.000? ND ND
Dimethoate 0.003+0.0022 0.004+0.000° 0.004+0.0032 0.004+0.000°
Ethyl azinphos ND ND 0.001+0.000° ND
Merphos 0.003+0.002° 0.001+0.000° 0.001+0.000° 0.002+0.000°
Malathion 0.001+0.000° 0.001+0.000° ND 0.001+0.0002
Phorate 0.002+0.001° ND ND ND
Terbufos 0.001+0.0002 ND ND ND

abc Means (tStandard deviation) in the same row having similar superscripts are not significantly different (p > 0.05)
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Table III: Nutritional composition of honey samples produced in selected areas within Odogbolu Local Government Area, Southwest Nigeria

Appendix B.3

ISHIWO OGBO IMOSAN IJAGUN Ethiopian EU Codex

Standard

Protein 0.53+0.08" 0.27+0.06°¢ 0.77+0.13° 0.31+0.10¢ - - -

Fat 0.40£0.09° 0.23£0.052 0.48+0.09° 0.37+0.08° - - -

Fibre 0.00+0.00° 0.00+0.00° 0.00+0.00° 0.00+0.00° - - -

Ash 0.56+0.18" 0.25+0.08°¢ 0.78+0.08° 0.47+0.15° <0.6 <0.6 <0.6

Moisture 1.85+0.04° 1.67+0.08° 1.74+0.06° 1.98+0.05° <20 <20 <20

Dry matter 98.15+0.04° 98.33+0.08° 98.27+0.06° 98.03+0.052 - - -

NFE 97.82+1.58° 97.59+0.28° 96.25+0.25° 96.86+0.182 - - -

Reference QSAE Codex EU
(2005) (2001) (2002)

abcMeans (tStandard deviation) in the same row having similar superscripts are not significantly different (p > 0.05); NFE = Nitrogen-free ether.
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Appendix B.4

Table 1IV: Relationship between Honey Purity, Nutritional Composition of Honey and Levels of pesticide residue in Honey

Purity of honey
r - value p-value Remark
Nutritional Protein 0.048 0.911 NS
composition Fat -0.143 0.736 NS
Ash -0.143 0.736 NS
Moisture -1.000 0.000** S
Dry matter 1.000 0.000** S
NFE -0.071 0.867 NS
Pesticides residue Coumaphos -1.000 0.000** S
Diazinon -1.000 0.000** S
Dichlorvos -1.000 0.000** S
Dimethoate 0.181 0.668 NS
Merphos 0.464 0.247 NS
Malathion 0.414 0.414 NS
Phorate -1.000 0.000** S
Terbufos 0.866 0.333 NS

*Correlation significant at p < 0.05; **Correlation significant at p < 0.01; r - value represents the Spearman correlation value; S = Significant; NS =

Not significant.
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