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Abstract— With the vast honey bee species producing
honey for international export and consumption in
Nigeria, there is need for theoretical translation of quality
assessment and characterization of honey for human
consumption. The physicochemical and mineral contents
of some selected honey in the five South east geopolitical
states of Nigeria was performed for above mentioned
application. The results were evaluated with 3D plot to
identify the statistical significance of the parameters
analyzed. The levels of glucose and fructose were accepted
by codex alimentation standard and rejected samples B, C,
and G. A correlation of similar botanical origin was
demonstrated in sample B, C and G and similarly observed
in their moisture content been > 21%. The pH and
electrical conductivity showed no significant variation.
The codex hydroxyl methyl furfural standard identified
samples B, E and L to be “aged honey” or falsified honey
in circulation. The 3D plot showed the significant
variation of hydroxyl methyl furfural content of samples. A
hypothesis was observed when the samples and previously
analyzed Nigerian samples were compared; metal
concentration levels of Group 1 elements > Group 2 >
Transition metals in Nigerian honey and formed an
identification trend.

Keywords—Honey, bees, honeybees characterization,
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I.  INTRODUCTION

For centuries, honey has been known for its potent activity
against antibiotic resistant bacteria and as a potential
source of antimicrobial compounds [1, 2]. As previously
reported, the typical constituents of honey by dry matter is
sugar, with small amounts of about 22 additional complex
sugars and other constituents like pigments, acids and
minerals that bring about unique honey types.
Subsequently, honeybees are related to the identity and
quality of their honey, however, there are not many studies
that establish the stability of chemical compounds present
in honey and ensuring that honey consumption are devoid
of toxic compounds for human health [3, 4].

A study conducted on stability of Nigerian honey showed
that if natural harvested honeys are produced hygienically
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and stored, that its stability can be up to 2 years [5], while
the geographical and botanical origin of the flora, type and
activity of the bee can also affect the quality and honey
composition [6]. Nevertheless, the beehive type does not
affect their physicochemical properties [7]. Thus
promoting honey with information on its characterization
[8] has opened avenues for local products (exports) to
meet international standards [9, 10]. Hence, it created the
need for legislation on honey quality given the vast bee
species in existence [11, 12]. Studies on the proximate
analysis and mineral contents of honey for different
countries, have confirmed the presence of trace metals
such as Fe, Al, Mn, Mg, Na, K, Cu and Ca [13, 14, 15].
These exist in some form of natural combination which
can be used as nutritional supplement for humans [16].
Yet, despite the compositional and nutritional value of
honey bees, comparative relationship data between the
nutritional components and biochemical composition of
the vast honey species are limited in Nigeria [17].More
over studies have shown that certain commercial honey
has higher levels of some parameters which suggested
some kind of adulteration [18] or poor hygiene and
handling [19]. Hence, this research work will study
statistical application and theoretical translation on
characterization of selected honey in south-east Nigeria of
some selected honey in the five South east geopolitical
states of Nigeria to establish their quality for human
consumption.

. MATERIALS AND METHOD

Collection of samples

The samples were purchased from 12 pre-named locations
in Abia State, Imo State, Enugu State, Ebonyi State and
Anambra State of Nigeria. They samples collected were
tagged (A, B, C, D, E, F, G, H, |, J, K, L) for easy
identification. The collected samples were placed inside
plastic bottles of 250ml each and tightly sealed and tagged.
Afterwards the sample bottle was labeled with sample
volume, date, location, time of collection and stored at 4
OC prior to analysis. Honey sample was obtained from
National Root Crop and Research Institute Umudike in
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Nigeria (NRCRI) known for honey and bee keeping
production and research..

Physicochemical analysis

The physicochemical characteristics of honey are a routine
laboratory analysis. It provides quantitative results and
allows for approximate estimation of the presence of
honey blend. The study was carefully carried out using
recently reported approach [20]. The moisture content was
determined using a digital refractometer calibrated with
double distilled water. Ash content was measured with
reported AOAC method in previous study [20]. Hanna
Instrument (HI 98127) was used to determine pH of the
prepared solution while Hanna Instrument (HI 98311) was
used for electrical conductivity of the prepared solution.
Milli-Q water was used for preparing honey solution for
Hanna Instruments. For quality assurance, we ran each
experiment 4 times and reported only the average of the
quadruple values.

To determine the Hydroxymethylfurfural (HMF); 59 of
honey was dissolved in 25mL of distilled water. The
absorbance was measured at 284 and 336 nm against a
filtered solution treated with NaHSO3. The HMF value
were then determined using the following the equation
below [10, 12]. Where D = dilution factor and W = sample
weight in grams:

HMF (mg/kg of honey) = (Abszss-Abssss) X 149.7 X 5 X
D/W.

Metal assay

The metal contents were determined using commonly
reported standard AOAC method [6]. This was carried out
by measuring 5ml of 10% HCI solution and added to the
ash and warmed in a water bath to dissolve. 5ml of 10%
Trioxonitrate (v) acid was further added and warming
continued until total dissolution in the water bath. A
stirring rod was used to transfer the solution into a funnel
then to a clean dry 50ml standard volumetric flask. The
“ashed” solution was analyzed for Ca, Mg, Fe, K, Zn, Pb
and Cd by direct aspiration via atomic absorption
spectrophotometer (AAS).

Determination of sugars

1.0g of honey sample was weighed into a graduated 100ml
cylinder. 10ml of distilled water was added to the sample
and stirred with a long glass rod. 13ml 52% perchloric acid
reagent was further added and stirred for 20 minutes. The
content was filtered into 25ml graduated flask and diluted
to full mark with distilled water.10ml of the sample extract
was diluted to 100ml with distilled water, and then 1ml of
the dilute filtrate was transferred into a test tube. Blanks
were also prepared using double distilled water. The
standards of the different sugars (glucose, fructose and
sucrose) were prepared using 1ml of each. 5ml of freshly
prepared anthrone reagent was added rapidly and the tubes
closed to allow for mixing of the contents. They solution

www.ijeab.com

was then placed in water-bath for 12 minutes and allowed
to cool at room temperature to read the absorbance at
630nm against the blanks [21]. Results were calculated on
the following formulae:

% glucose, fructose or sucrose = (25 X H) / (S X W)
Where H = Absorbance of dilute honey sample

S = Absorbance of dilute standard

W = Weight of sample used

. RESULTS AND DISCUSSION
Physicochemical and sugar analyses
The result for determination of composite sugars (fructose,
glucose and sucrose) is as shown in Table 1. Observation
showed that the monosaccharide’s (glucose and fructose)
and the disaccharide (sucrose) in the all 12 samples make
up 70% composition of each honey sample respectively.
Sample A and E had the highest fructose content, sample
C and E showed the highest glucose value while samples B
C and G gave the highest sucrose content. They result
confirmed good storage conditions for the samples that had
sugar concentrations above 70% except samples B, H, J,
and L. They conditions are often reflected in the stability
of the honey products. Thus, the formation of undesirable
products like 2-acetylfuran, Isomaltol and hydroxy-2-
methyl-5-6-didropiran-4-one that can cause change in
color, odor and taste of honey are prevented. [3].
Observation shows that the concentration of glucose,
fructose and sucrose varies, as well as the ratio between
them. This useful indicator [3] showed the classification of
the honey samples based on geographical origin and
botanical origin as using their ratios. Samples A and E are
of same botanical origin, Samples D, F and H are of same
botanical origin, samples B, C, and G are of similar
geographical origin while samples I, J, K and L are same
geographical origin.
On the other hand, the results indicated that glucose and
fructose are the main composition of the honey samples
and corresponds to Codex Alimentations commission
international standard [22]. The higher levels of sucrose in
samples B, C and G could be an indication of adulteration
or early harvesting as seen in Table 1. Thus these formed a
correlation with the botanical origin based classification of
samples using their ratios. However, in samples A, D, F
and H, the glucose content were below 5 %. This showed
the natural feeding of the honey bees and high quality of
the honey produced from the farms [20]. The results were
further compared with previous published results (sugars
in honey) for honey samples in Nigeria [5, 18, 23, 24]. The
results showed no significant difference from previous
studies.
The codex alimentarius committee on  sugars
recommended moisture content should not exceed 20g
100g-1 [22]. The samples analyzed were all within 16% to
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20.7% except samples B, C and G greater than 21%.
However, research has shown that moisture content in
honey samples lower than 20% elongates the shelf life of
honey [20], while factors of temperature and relative
humidity in the geographical origin affects honey
moisture content. Therefore all samples showed no
significant difference with samples in the south east region
of Nigeria [16, 17] and were within 17% to 21%. While
samples from the North were lower in moisture content
about 15% to 18% when compared to previous results in
Nigeria [4, 6]. There was no significance difference
between the samples in pH and electrical conductivity
while the ash content showed variation

The pH values of the twelve honey samples were
measured and the obtained results confirmed that, all
tested samples were acidic (pH 3.0-4.2) as seen in Table 2
and within the standard limit of Codex Alimentatarius
value of pH 3.40-6.10 [22] except sample D and F.
However they were all close to previously reported values
in Nigeria [5, 6, 16, and 21].

The higher the ash content, the higher the electrical
conductivity. This showed a linear relationship with the
both ash content and electrical conductivity and similarly
had been observed by research [20]. All samples were
below the standard electrical conductivity limit of
0.8mS/cm recommended by codex alimentatarius [22].
The Ash content of 6 samples (B, C, E, G, J & L) were
within the acceptable range (0.6-1.2 ¢/100 g), while
samples (A, D, F, H, I & K) were not accepted by codex
range Codex Alimentations. This disparity could be an
indication of the honey colonies fed with sugar syrup that
had lower ash [20]. The codex HMF standard [22] for
honey is recommended at maximum 40mgkg-1for
processed honey and 80mgkg-1 for declared tropical
origins. Thus all honey samples met the standard but
samples B, E and L were not accepted by codex
alimentations. This identified samples (A, D, F, H) to be
fresh honey samples, samples (C, G, I, J) were not fresh
while sample (B, E and L) were either “aged honey” or
falsified honey. This can be obtained by adding invert
syrup since 5-HMF can be produced to the inversion of
sucrose by heated sugars in the presence of an acid. [3]
Metal Assay

Studies have shown that the mineral content in honey
ranges from 0.04% in light honeys to 0.2% in dark honeys.
In addition, the chemical components reflect the type of
soil from which both the plant and nectar were obtained
[3].From Table 1, the mineral concentration of calcium
was the highest in all the 12 samples followed by
magnesium  with similar concentration levels. The
concentrations of lead and cadmium were all below the
jointly proposed acceptable levels of 25ug kg-1 for Pb?
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and 7ug kg-1 for Cd** by world health organization
(WHO) and the Food and Agricultural organization (FAQ)
[25]. The remaining elements Fe* K* Zn?* were all
below 0.7mg/l. These reflected the botanical origin of the
studied honey samples and formed a correlation that south
east Nigerian honey are similar to Hungarian Linden
honey based on mineral content [26].The samples D, E and
F obtained from Owerri urban in Imo-state were compared
with previous results from Owerri urban [18]. A
correlation was seen with Pb?* been very negligible, Fe?*
in very small concentration, while K*, Mg?* and Ca2* were
of higher concentration levels [18]. Thus our result was in
agreement with the study that reported samples in Owerri
as having the least occurrence of metals. Furthermore,
obtained information (data) in all the honey samples of
Nigeria as analyzed by previous researchers showed the
following hypothesis; the metal concentration levels of
Group 1 elements > Group 2 > Transition metals in
Nigerian honey [6, 16, 17, 18] and may form an
identification. (though we only analyzed K* in group 1)

3D Plot

The results from the 3D plot can be seen below in figl.
The variations of HMF concentration could be observed at
Anambra, Imo and Abia in fig 1A. In Addition, pH,
electrical conductivity, ash content and, moisture content
were uniformly distributed within the 12 sampling points.
The fig 1B depicts the concentrations of heavy metals in
the 12 sampling locations. Magnesium and calcium
concentrations can be clearly identified as having
concentrations greater than 1.0 mg/l but less than 2.50
mg/l each. The concentration of potassium can also be
seen with variations in all the sample locations e.g., it had
the lowest points at Ebonyi state with 0.07 mg/l and 0.06
mg/l and shown as a flat bar respectively.

IV.  CONCLUSION

Samples A and E had the highest fructose content, sample
C and E showed the highest glucose value while samples B
C and G gave the highest sucrose content. The results also
confirmed that the honey samples can be classified based
on geographical origin and botanical origin. All honey
samples were moderately acidic while the moisture content
was highest in B, C and G and L. codex alimentations
identified samples (A, D, F, H) to be fresh honey samples,
samples (C, G, I, J) were not fresh while sample (B, E and
L) were either “aged honey” or falsified honey. The
mineral content of the were within world health
organization (WHO)/(FAO) recommendations. The
following identification trend was observed to exist; the
metal concentration levels of Group 1 elements > Group 2
> Transition metals in Nigerian honey.
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Table.1: Physicochemical parameters of honey from 5 south-eastern states in Nigeria
CODE LOCATION STATE Mokrere pH Elxcerical Ash HMF Frucoew Clucose Sucros
content (%) Condociviky | coment | conreas %) (%) (23)
(eSiew) | (g00g) | (mep'ig)
A NRCRI Aba 195 42 04 0.159 | 123 40.20 3930 420
LUmudike
Atiars Markel; Aba 212 33 1341 0.690 | 970 2130 3300 2080
Okpara Squar=  A&a 221 40 113 0.570 | 420 1535 36.40 1873
Market
D Emekuku Tma 167 33 0206 0.038 | 131 31.60 3800 230
Convent
E Exeliwy ima 203 41 14% 0.776 | 980 40.7 40.70 6.05
Market
F FUTO imo 19.3 30 0406 0333 | 129 31.60 33.97 3.60
G OpbeteMarket Ewvvgn 207 43 1212 0.616 |47.0 20.15 3740 1550
H Oba Market;  Emgu 204 42 091% 0330 | 266 2633 3518 1.50
1 Ohaczam: Ebomi 116 39 0004 0324 | 303 2338 36.20 £%0
J Abakaliki Ebomi  19.% 42 12 0657 | 320 2330 2670 1318
Miaket,
K MavisMall,  Anonde 194 40 L1 0.577 |362 2934 3630 1020
a
L Relief Markel  Ananbr 21.7 39 L2089 0611 | 1210 2670 2675 1230
a
Table.2: Mineral composition of honey samples from 5 south-eastern states in Nigeria
CODE LOCATION STATE Ca™’ Mg Fe' K In” Pb™ cd”
(mg/h) | (mgl) | (mgh) | (mgh) | (mgh) | (med) | (mgh)
A NRCRI Umudike Abia 2.29 1.07 0.06 0.44 0.05 Nil Nil
B Ariara Market; Abia 1.47 1.15 0.07 0.58 0.20 0.01 Nil
C Okpara Square Market | Abia 1.54 1.00 005 |053 0.08 |Nil Nil
D Emekuku Convent Imo 2.17 0.94 0.05 041 0.04 Nil Nil
E EkeUkwu Market Imo 142 0.97 0.03 0.58 0.10 0.02 Nil
F FUTO Imo 2.04 1.05 0.04 0.50 0.07 Nil Nil
G Oghbete Market Enugu 1.35 1.09 0.03 0.65 0.11 0.01 Nil
H Oba Market; Enugu 1.67 1.02 0.04 0.30 0.07 Nil Nil
1 IshieluOhaozara: Ebonyi 1.69 1.03 0.02 0.07 0.13 Nil Nil
J Abakaliki Market; Ebonyi 1.66 1.02 0.06 |006 0.09 |Nil Nil
K Marvis Mall Awka; Anambra 1.58 1.20 0.06 042 0.08 Nil Nil
L Relief Market Anambra 1.30 1.09 0.03 0.63 0.12 0.01 Nil
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Fig.1: (LA): The physicochemical parameters of honey from 12 sample points; 1(B): The heavy metal concentration of the

honey samples
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