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Abstract: The aim of this study is to evaluate the quality parameters of honey samplescollected from different locations in
Taraba State, in terms of physicochemical properties such as colour, specific gravity, refractive index, viscosity, moisture
content, ash content, free acidity, lactone acidity, total acidity, pH value, electrical conductivity, sugar content,
hydroxymethylfurfural (HMF) content, diastase activity and protein content. The results showed that mean values of honey
temperature ranges from29.4+ 0.49 to 38.5+ 0.27°C; colour, light amber to dark amber; specific gravity, 1.30+0.01 to
1.48+0.01; refractive index, 1.47+0.01 to 1.50+0.02; viscosity, 23.2+0.10 to 34.2+0.10 Pas; moisture content, 11.27+0.01 to
19.70+0.01%; ash content, 0.14+0.01 to 0.52+0.04%; free acidity, 14.86+0.03 to 32.74+0.01 mequ'l; lactone acidity,
1.58+0.01 to 3.71i0.03mequ'1; total acidity, 16.44+0.03 to 35.52+0.01 mequ'l;pH value, 3.67+0.02 to 5.10+0.19; electrical
conductivity, 0.08+0.01 to 0.48+0.02 mScm'l; total reducing sugar content, 74.30+0.03 to 82.30+0.04%; sucrose content,
3.584+0.02 to 4.71 +0.02%; hydroxymethylfurfural (HMF) content, 10.514+0.04to 14.31+0.02 mgkg'l; diastase activity,
23.20+0.02 to 26.46+0.02 G° and protein content, 0.74+0.01 to 0.85+0.01%. The quality parameters were subjected to a one
way ANOVA at p < 0.05. There were significant differences in the colour, specific gravity, viscosity, moisture content, ash
content, free acidity, lactone acidity, total acidity, pH value and electrical conductivity of the honey samples while refractive
index, sugar content, hydroxymethylfurfural (HMF) content, diastase activity and protein content showed no significant
differences. A 2-tailed F-LSD test at 5% level of significance shows that the differences between the mean values are
statistically significant for all the locations for temperature, viscosity, moisture content, free acidity, lactone acidity, total
acidity and electrical conductivity of the honey samples while colour, specific gravity and ash content shows that the
differences between themean values are statistically significant for most of the sample locations. The honey samples present a
good level of quality because the physicochemical values were in the range of approved limits (conforming to codex standards)
for all honey samples. It was indicated that honey from the area will be suitable for exportation when processed appropriately.
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by combining with specific substances of their own, deposit,
dehydrate, store and leave in the honey comb to ripen and
mature. According to James et al. [3] the bees produce honey
to serve as their source of food during scarcity or in times of
adverse weather conditions. Natural honey is one of the
products most widely hunted for due to its unique nutritional
and medicinal properties, which are accredited or ascribed to
the influence of the different groups of substances it contains.
Honey has long being consumed by humans. It is used in
various foods and beverages as a sweetener and flavoring

1. Introduction

Honey is a natural substance produced by bees, mainly
Apismelliferal.. [1] and is a nutritious food of economic
importance worldwide. Codex Alimentarius [2] defined
honey asa naturally sweet substance produced by honey bees,
Apismellifera, from plants’ nectar or from the secretions of
living parts of plants or excretions of plant sucking insects on
the living parts of plants, which honey bees collect, transform
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agent. Honey has antioxidant and antimicrobial properties. It
also has a role in religion and symbolism [4].

Essentially, natural honey is a sticky and viscous solution
with a content of 80—-85% carbohydrate (mainly glucose and
fructose), 15-17% water, 0.1-0.4% protein, 0.2% ash and
minor quantities of amino acids, enzymes, minerals, pollen
grains, pigments and vitamins as well as other substances like
phenolic compounds [3, 5-7]. Jameset al. [3] stated that each
of these minor elements is known to have uniquenutritional
or medicinal properties and the exclusive blend accounts for
the varied and different applications of natural honeys.
Although the major elements of honey are nearly the same in
all honey samples, the precise chemical composition and
physical properties of natural honeys vary according to the
plant species on which the bees forage [3, 8]. Furthermore,
differences in climatic conditions, soil characteristics, honey
bee specie, environmental temperature, harvesting
methodsand storage conditions, among others are important
factors that can affect the various properties of honey [9-12].

Honey can be characterized according to its geographical
origin [7]. It has been reported that honey samples showed
regional variation in the physic-chemical parameters such as
pH, enzymes activities, ash contents, electrical conductivity
and hydroxymethylfurfural (HMF) [13]. The variations in
honey colors are entirely due to different plant sources and
form a continuous range from pale yellow through amber to a
darkish red to black. The darkening of honey may be due to
change in heat or temperature [14]. Honey has the tendency
to form granules, due to which make it different from other
sweeteners. In its compositions, sugars are the main
components of its dry matter. The physical properties of
honeys such as high density, high viscosity and immunity
from spoilage are due to concentrated solution of sugars [15].

More than 22 sugars have been found in honey but
dextrose and laevulose are the major components. Most of
these sugars are more complex than monosaccharides. Ten
disaccharides have been identified includes maltose, sucrose,
maltulose, turanose, isomaltose, laminaribiose, nigerose,
kojibiose, gentiobiose and B-trehalose. The trisaccharides are
also found consist of maltotriose, erlose, melezitose, centose
3-a5 isomaltosyl glucose, 1-kestose, isomaltotriose, panose,
isopanose and theanderose. All these sugars are present in
very small quantities [16].

Many organic acids are also present in honey. These are
lactic, formic, butyric, tartaric, pyruvic, acetic, citric, oxalic,
succinic, malic, maleic, a-ketoglutaric G- 6- phosphate,
pyroglutamic, glycolic and gluconic acids etc. Among these
the major one is gluconic acid. It produces from the action of
an enzyme glucose oxidase on the dextrose [17]. The
presence of enzymes in honey is a unique characteristic that
present it different from all other sweetening agents. These
enzymes originate from the yeasts, pollen, bee, nectar and
micro-organisms present in the honey. Enzymes are complex
protein materials that under mild conditions bring about
chemical changes. Some of the most important honey
enzymes are acid phosphatase, diastase, glucose oxidase,
catalase and invertase. Heating of honey can be weakened or

destroyed all these enzymes [16, 17].

According to Bogdanov et al. [18] honey contains varying
amounts of mineral substances ranging from 0.02 to
1.03g/100g. The physicochemical parameters have great
importance to the honey for industry. These constituents such
as minerals, moisture content, reducing sugars, electrical
conductivity, free acidity, sucrose content and HMF have
influence on nutritional quality, granulation, the storage
quality, flavor and texture of the honey. The medicinal value
of honeys is also due to these constituents. Therefore, the
International Honey Commission (IHC) has proposed certain
constituents as quality criteria for honey [16].

Honey has a long history of use as an effective medicine
since ancient civilization for a wide range of disease
conditions [19]. Keeping in view the importance of honey the
present study was therefore aimed to evaluate quality
parameters of honey samples collected from different areas
of Taraba State.

2. Materialsand Methods

2.1. Sample Collection and Preparation

The honey samples were purchased from different honey
sellers from various locations inTaraba state of Nigeria
namely; Zing, Yorro, Jalingo, Gashaka, Kurmi, Sarduna,
Takum, Donga andUssa. All the samples were collected fresh
in sterile containers (dully labeled with numbers, place and
date of collection). Unwanted material such as wax sticks,
dead bees and particles of combs were removed by straining
the samples through cheesecloth before analysis. All honey
samples weighing between 100 and 250 g were subsequently
stored at —20 °C to prevent any possible matrix alteration
(fermentation phenomena) and analyzed at the earliest in
such a waythat none of the sample exceeded the storage
period of 1 month. The samples were thawed at room
temperature before the analyses wereperformed.

2.2. Experimental Design

The experimental design for the statistical analysis follows
a one-treatment effect (nine sample locations) in a
Completely Randomized Design (CRD) involving a one-way
classification with three replications per experimental unit
giving twenty seven (27) observations for the experiment.

2.3. Quality Analyses of Honey Samples

The physicochemical properties of the honey samples were
determined to assess its quality and purity. The quality
indices which were used to determine the quality of the
honey samples are the colour, specific gravity, refractive
index, viscosity, moisture content, ash content, free acidity,
lactone acidity, total acidity, pH value, electrical conductivity,
sugar content, hydroxymethylfufural (HMF), diastase activity
and protein content. The experiments were replicated three
times.

Color determination: Color determination was carried out
using a color comparator (Lovibond 2000 visual comparator).
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Clear blanks were placed in compartments 1, 3, 5 of the
comparator. The honey sample was also placed in
compartment 2 or 4 of comparator. The comparator was held
at a convenient distance of 20 to 30 cmfrom the eye and
viewed by diffused light (daylight fluorescent lamp). The
sample was moved from compartment to compartment until
the sample equals the match standard [20].

Determination of specific gravity: The specific gravity of
honey was determined as the ratio of the mass of honey to the
mass of an equal volume of water. The density of the honey
was determined wusing the density bottle. A25mL
densitybottle was cleaned, dried and weighed (W) and then
filled with the honey sample, stopper inserted and reweighed
to give (W)). The bottle was emptied, washed, dried and was
substituted with distilled water and weighed to give (W,).
The specific gravity (Sp.gr) was calculated from the
expression [20].

Mass of the substance W, — W,

Mass of an equal volume of water - W, — W,

Sp.gr =

Determination of refractive index: Refractometer was used
in this determination. Few drops of the sample were
transferred into the glass slide of the refractometer. Water at
30°C was circulated round the glass slide to keep its
temperature uniform. Through the eyepiece of the
refractometer, the dark portion viewed was adjusted to be in
line with the intersection of the cross. At no parallax error,
the pointer on the scale pointed to the refractive index [20].

Determination of viscosity: A clean, dried viscometer with
a flow time above 200 seconds for the oil to be tested was
used. The sample was filtered through a sintered glass (fine
mesh screen) to eliminate dust and other solid material in the
oil sample. The viscosity meter was filled with the sample by
inverting the tube’s thinner arm into the honey sample and
suction force was drawn up to the upper timing mark of the
viscometer, after which the instrument was turned to its
normal vertical position. The viscometer was placed into a
holder and inserted to a constant temperature bath set at 29°C
and allowed approximately 10 minutes for the sample to
come to the bath temperature at 29°C. The suction force was
then applied to the thinner arm to draw the sample slightly
above the upper timing mark. The afflux time by timing the
flow of the sample as it flowed freely from the upper timing
mark to the lower timing mark was recorded [20].

Determination of moisture content: The moisture content
was determined according to AOAC [20]. In this regard, the
sample materials were taken in a flat-bottom dish (pre-
weighed) and kept overnight in an oven at 100-110°C and
weighed. The loss in weight was regarded as a measure of
moisture content which was calculated by the following
formula:

Moisture (%)

_ Weight of fresh sample - Weight of dry sample % 100

Weight of fresh sample

Determination of ash content: For determination of ash
content, the method of AOAC [20] was followed. According
to the method, 10 g of each sample was weighed in a silica
crucible. The crucible was heated in a muffle furnace for
about 3 to 5 h at 500°C. It was cooled in desiccators and
weighed. To ensure completion of ashing, it was reheated
again in the furnace for half an hour more, cooled and
weighed. This was repeated consequently till the weight
became constant (ash became white or grayish white).
Weight of ash gave the ash content and was calculated by the
following formula:

Ash (%) = Weight of sample after ashing % 100
Shi) = Weight of fresh sample taken

Determination of acidity: Acidity was measured by
titration method. First 0.05 N NaOH was added drop by drop
to honey solution, titration is stopped when pH 8.5 is
achieved (free acidity), instantly 10 ml 0.05SN NaOH was
added, and without interval back-titration was done with
0.05N HCL until pH 8.3 is achieved (lactone acidity). Total
acidity was calculated by adding free plus lactone acidities
[20]. Results were expressed in meqkg™.

Determination of pH: For determination of pH in the
honey, the method of AOAC [20] was adopted and digital pH
meter (HANNA instruments HI 96107 model, made in Italy)
was used. The pH meter was calibrated with buffers at pH
4and 10. Sample solution containing 20g of honey in 75 mL
of de-ionized water was taken in the beaker and the electrode
of the pH meter was inserted in the solution and the pH value
was read and recorded. When the first reading was
completed, the electrode was washed with distilled water and
dried-up with tissue paper. Similarly, as a continue series, all
other samples were determined accordingly.

Determination of electrical conductivity: This was
determined by measuring 20g of honey and dissolved in
100mL of distilled water mixed thoroughly to form solution.
Electrical conductivity meter (HANNA instrument USA
made in Romania. HI 98129) was immersed. The instrument
was calibrated using potassium chloride (KCI) dissolved in
water (de-ionized) and made up to 1 L to be used as the
standard reference solution [20]. The readings were recorded.

Determination of sugars

Determination of sugars (total sugar, reducing sugar and
non-reducing sugar) was carried out using the Layne-Enyon
method as described in AOAC [20]. About 5 g of honey
sample was taken into a beaker and 100 ml of warm water
was added to it. The solution was stirred until all the soluble
matters were dissolved and filtered through Whatman filter
paper into a 250 volumetric flask. 100 ml of the solution was
pipetted and prepared into a conical flask, after which 10 ml
of diluted hydrogen chloride (HCI) was added and boiled for
5 min. On cooling, the solution was neutralized to
phenolphthalein with 10% NaOH and kept in a 250
volumetric flask. This solution was used for titration against
Fehling’s solution and the reading was calculated as follows:
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Factor (4.95) X dilution (250) x 2.5
Titre X weight of sample x 10

Total sugar (%) =

Reduci 9%) = Factor (4.95) x dilution (250)
educing sugar (%) = —— weight of sample x 10

Non-reducing sugar was estimated as the difference
between the total sugar content and reducing sugar content
on subtraction (total sugar-reducing sugar).

Hydroxymethylfufural: Hydroxymethylfufural was
determined by dissolving 10 g of unheated honey sample in
20 mL of cold distilled water. The solution was transferred
into a 50 mL volumetric flask and made up to the mark. Into
each of two test tubes, was added 2.0 mL honey solution and
5.0 mL P-toluidine solution. One milliliter of water (blank)
was immediately added to one of the tubes and 1 mL of the
barbituric acid solution to the other. The absorbance of the
sample was measured against the blank solution in a 1 cm
cell at 550 nm as soon as the maximum value was reached.
For the calibration, a standard solution of 0.300 pg of HMF
spectrophotometrically assayed at 284 nm was used. Results
were expressed as mg kg'1 [20].

Diastase activity: Diastase activity was measured using a
buffered solution of soluble starch and honey which was
incubated in a specially designated glass tube, shaped to end
in an inverted “V”, in a thermostatic bath until the end-point
was determined photometrically. Results were expressed (as
Gothe degrees) as mL of 1% starch hydrolyzed by an enzyme
in 1 ghoney in 1 h [20].

Protein content: The method is a version of the original
Kjeldahl method. About 5 g of honey sample was mixed with
potassium sulphate (K,SO,4) and a little of copper sulphate
(CuSOy) as a catalyst and digested in a long necked Kjeldhal

bottles with concentrated sulphuric acid for approximately 2
hours. Distilled water was then added. The Kjeldahl bottle
was placed in Kjeltec auto sampler 1035/30 systemwhere the
ammonia was distilled into boric acid and the acid was
simultaneously titrated with diluted sulphuric acid. A
complete blank determination using only a piece of filter
paper instead of the honey was carried through [20]. Nitrogen
content is calculated by:

0.7(V; = V,
N(%) = %
Where;
V= Mean volume in ml of 0.1 M sulphuric required for
honey,

Vo= Mean volume in ml of 0.1 M sulphuric required for
blank,

M = Weight in grams of the portion taken of the sample.

Protein content is calculated as N x 6.25. Results are
expressed as percentage of wet weight.

2.4. Data Analysis

Two computer packages, Microsoft Excel and Minitab 16
for windows were used in the statistical analysis. Statistical
differences between honey samplesfrom different locations
were tested by Analysis of Variance (ANOVA) at p < 0.05.
When significant difference was observed, treatment means
were separated using the F-LSD.

3. Results

Mean values of honey quality parameters from nine
locations of Taraba State are shown in Table 1.

Table 1. Mean Values of Honey Quality Parameters.

PARAMETERS LOCATIONS F-LSDy.0s
Zing Yorro Jalingo Gashaka Kurmi Sarduna Takum Donga Ussa

Colour 094+0.01 138£0.02 1.68+0.01 1424002  098+0.01 0.87+0.02  129+0.03 121+0.01 086+0.02  0.029163

Specific Gravity 1.35+0.05 1.43+0.01 148+0.01 1.46£0.04  1.37+0.01 133+0.00  142+0.02 139+0.01 1.30£0.01  0.038359

Refractive Index  1.49£0.03  1.48+0.02 1.47£0.02 147+0.01  1.49+0.01 1.50+0.01  1.48+0.01 148£0.02 150£0.02 -

Viscosity (Pas) 29.120.10 24.0£0.15 232+0.10 23.840.17  27.3£0.10 32.5£020  24.440.06 26.8£0.53 342+0.10  0.369123

g?;ts:;;e(o/) 16.00£0.20 15.84+0.04 18.4240.02 12.3330.02  19.7040.01 14.61£0.01  17.00+0.00 11.27£0.01 13.15£0.03  0.118851
0

Ash Content (%) 0.47£0.01 0.35£0.01 0.52£0.04 028£0.01  03120.02 0.14£0.01  0.42£0.03 0.39£0.02 0.33+0.01  0.034008

Free L. 14.86+0.03 22.1540.01 27.93:0.01 23.64+40.02  16.03+0.06 18.80£0.05 21.09£0.01 32.74+0.01 25.35:031  0.185555

Acidity(megkg™)

(L;Zt;’l?;f;‘“d”y 1.58£0.01 1.92+0.01 3.71£0.03 2.17+0.01  1.64+£0.04 1.77+0.04  2.33£0.01 2.78+0.01 2.53+0.03  0.042020

Total Acidity

ol 16.44£0.03 24.07£0.02 31.64+0.03 25.81£0.02  17.67£0.07 20.570.06 23.42+0.01 35.52+0.01 27.88£0.29  0.178276

pH Value 5.10£0.19 424£0.04 3.7240.03 4.16£0.01  4.98+0.02 4.62£0.01 4324001 3.67£0.02 3.92+40.01  0.113402

Electrical

Conductivity(mS 0.39+£0.01 024+0.01 0.48+0.02 0.12+0.01  0.15£0.01 0.08£0.01  032+0.01 0.28+0.01 0.18:0.02  0.020079

cm™)

gkofglucmg SUZATS g1 210,04 75.16£0.02 82.62£0.02 7838001  74.30£0.03 $2.30+0.04 79.12+0.02 81.24£0.01 76.92:001 -

()

Sucrose (%) 4324001 4255001 3.60£0.03 3.93:0.02  3.98:0.01 4.5240.02  4.4120.03 3.58£0.02 4.71£0.02 -

HMF (mgkg?)  14.2540.01 12.53£0.02 14.03£0.02 11.66+0.01  10.51+0.04 13.94+0.02  10.87+0.01 11.5040.03 14.31+£0.02 -

%‘;‘)Stase ACUVIY 6 460,02 24.08:0.02 23.57£0.02 2532001 23.20£0.02 24.17:001  26.20£0.02 23.97£0.03 24.76:0.03 -

Protein Content

%) 0.79+0.03

0.78+0.02 0.74+0.01 0.82+0.02

0.85+0.01

0.75+0.01 0.83+0.03  0.77+0.02  0.81+0.01 -
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4. Discussion

Colour: The results of the physicochemical analysis
revealed that the colour of the honey samples varied from
light amber to dark amber. The mean values of the colour of
honey samples analyzed ranged from 0.86+ 0.02 to 1.68+
0.01. The samples having higher values appear brighter and
the samples having lower values appear darker. From the
ANOVA there was a significant difference (p < 0.05) in the
colour of honey samples obtained from the study area. A 2-
tailed F-LSD test at 5% level of significance shows that the
differences between the honey colours are statistically
significant for all the locations except Sarduna versus Ussa
which is not statistically significant. Honey colour is very
important in determination of its commercial use and market
value. Darker honeys are most often put to industrial use
while the lighter colour honeys are marketed directly for
consumption. Color plays a vital role in acceptability of
product as it is the major characteristic property observed by
the consumer. However, little is known about consumer color
acceptability of honey. Bogdanov et al. [18] reported that in
Germany, Austria and Switzerland dark color honeys have
more consumer acceptability. According to Downey et al.
[21] dark golden color is more preferred by Irish peoples.
The color of honey is one of the most variable attributes and
it depends upon botanical origin, along with other factors like
ash content, temperature and time of storage as well as the
presence of antioxidant pigments like flavonoids and
carotenoids [22, 23].

Specific gravity: Most of the honey samples had
acceptable levels of specific gravity at 27°C (i.e.>1.35). The
mean specific gravity values obtained from the experiment
ranged from 1.30+ 0.01 to 1.48+ 0.01. The values obtained
are in conformity with the findings of Kamal et al. [24],
Ouchemoukh et al. [25] and Basavarajappa et al. [26], that
the specific gravity values of multifloral and unifloral honeys
varies from 1.35 to 1.37 and 1.40 to 1.42, respectively. From
the ANOVA there was a significant difference (p < 0.05) in
the specific gravity of honey samples obtained from the study
area. Significant difference (p < 0.05) was observed among
most of the honey samples from the means separation. The
variation in the specific gravity might be due to variation in
the chemical composition [27]. The specific gravity property
of honey has not been legislated by the European legislation
[28].

Refractive index: The refractive index of the honey sample
analyzed falls within the range of 1.47+ 0.01 to 1.50+ 0.02.
The refractive index value obtained is similar to those
reported by Adebiyi et al. [29]. The refractive index could be
used to determine the level of adulteration and hence quality,
based on the specification [29]. The refractive index of the
honey samples are approximately the same and fall within
the range of the codex standard of 1.4000 — 1.9000 [2]. No
significant difference (p < 0.05) was observed among the
honey samples.

Viscosity: The viscosity of the analyzed honey ranged

from 23.2+ 0.10 to 34.2+ 0.10 Pas. From the ANOVA there
was a significant difference (p < 0.05) in the viscosity of
honey samples obtained from the study area. A 2-tailed F-
LSD test at 5% level of significance shows that the
differences between the viscosities of the honey samples are
statistically significant for all the sample locations. The
viscosity values of the study area were lower than the values
(56.26 and 41.17 Pa s, 49.69 Pa s, 37.89 Pa s) reported by
Oladipupo and Isah [30], who investigated in honey samples
from Kachia, Gidan-Waya, Anchau in Kaduna State,
respectively. Honey samples with high viscosity are
described as a high quality honey. Viscosity is one of the
physicochemical parameter used to measure the quality of the
honey sample. The high viscosity of honey is one of the
properties of honey that maintains its antimicrobial activity.
Pure honey has a high viscosity [15]. The high viscosity
values obtained in this work is an indication that the honey
had not been diluted with other products. Honey consists of
sugars mostly glucose and fructose.

Moisture content: The moisture content is the most
essential quality component of honey, because the rate of
fermentation, its shelf life span and processing characteristics
are greatly determined by the amount of moisture content
[31]. Moisture content affects the storage life of honey.
Higher moisture contents can result in unwanted honey
fermentation during storage period, due to the action of
osmotolerant yeasts, which result in development of carbon
dioxide and ethanol. Ethanol is further oxidized to acetic acid
thus resulting in a sour taste [32]. The different moisture
content of honey depends on harvesting season, the degree of
maturity that honey reached in the hive, type of hive used,
environmental temperature and moisture content of original
plant [33, 34]. Moisture content of honey can naturally be as
low as 13% or as high as 23% depending on the source of the
honey, climatic conditions and other factors [35]. In areas of
high humidity, it can be difficult to produce honey of
sufficient low water content [35]. To keep moisture content
acceptable for export standard combs with more than 75% of
the honey cells sealed should be harvested. High moisture
content could accelerate crystallization in certain types of
honey and increases its water activity of the honey to ferment
and deteriorate its quality [35, 36]. Moisture content of honey
samples obtained varies between 11.27+ 0.01 to 19.70+
0.01%. Significant difference (p < 0.05) was observed among
all the honey samples. The Codex Alimentarius [2] standard
specified moisture content of not more than 20% in honey for
safety against fermentation caused by the action of
osmotolerant yeasts during storage. One of the major criteria
that determine the shelf stability of honey is its moisture
content [37]. Hence the lower the moisture, the lower the
probability that honey will ferment upon storage by
osmotolerant yeasts [38]. One of the key indicators of honey
adulteration is high level of moisture in the honey [39].

Ash content: Ash content is a reflection of the total mineral
content of honey. It is an essential component of food which
contains catalyst required for various body functioning
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reactions to sustain good health. The average ash content
from the study ranged from 0.14+ 0.01 to 0.52+ 0.04%. This
variability in ash content could be explained by the floral
source of the honey, soil conditions, atmospheric conditions
and physiology of each plant [7]. From the ANOVA there
was a significant difference (p < 0.05) in the ash content of
honey samples obtained from the study area. Significant
difference (p < 0.05) was observed among most of the honey
samples from the means separation. Generally, the ash
content of blossom honey is < 6.0 g kg' (< 0.6%) as
compared to honeydew honey where this value is > 12.0 g
kg'1 (= 1.2%) [25]. Thus based on this standard, the honeys
analyzed in this work are classified as blossom honey.
Several investigations have shown that the ash content of
honey depends mainly on the botanical origin of honey; i.e.
light blossom honeys have low contents than dark honeys
such as honeydew, chestnut and heather honeys [7]. The
percentage ash content in honey is an important quality index
which shows the mineral content of honey [40]. In this study,
honey samples from all the studied areas had mean of ash
value (%) below the maximum limit recommendedand thus
in agreement with the international regulatory standards for
quality honey [18].

Free acidity: In general, honey is acidic in nature
irrespective of its origin and this is due to the presence of
organic acids and inorganic ions. It is a useful criterion for
evaluation of honey fermentation, authentication of unifloral
honeys and for differentiating nectar from honeydew honeys
[41]. Acidity in honey is due to the occurrence of organic
acids in honey, predominantly gluconic acid [42]. The
average free acidity of the analyzed honey ranged from
14.86+0.03 to 32.74+0.01 mequ'l. Significant difference (p
< 0.05) in the free acidity values of honey from different
locations was also observed. The results obtained from the
study for free acidity shows that none of the samples
analyzed exceeded the limit of 40 meq kg™ established by the
international regulations [18], all the samples analyzed
conform to the international regulatory standards for quality
honey. Bogdanov et al. [18] stated that honey is naturally an
acidic substance with pH varying from 3.7 to 4.5 for blossom
honey and from 4.5 to 6.5 for honeydew honey, regardless of
the geographical origin. However, differences in acidity of
honey may be as a result of the botanical origin or harvesting
in different seasons.

Lactone acidity: The analyzed honey samples in the study
showed lactone acidity values ranged between 1.58+ 0.01
and 3.71% 0.03 meqkg”. From the ANOVA there was a
significant difference (p < 0.05) in the lactone acidity of
honey samples obtained from the study area. A 2-tailed F-
LSD test at 5% level of significance shows that the
differences between the lactone acidity of the honey samples
are statistically significant for all the sample locations.

Total acidity of honey: Codex Alimentarius specify that
total acidity of honey should not be more than 50 meq kg
[2]. The overall average acidity of honey samples analyzed in
this study ranged from 16.44+ 0.03 to 35.5210.01mequ'1
which is acceptable range in the world honey market [2]. The

mean values of acidity observed for all the samples were less
than the maximum limit of 50 meq kg™, which suggests that
there was no undesirable fermentation in the honey samples.
Significant difference (p < 0.05) was observed in the total
acidity values of honey from different locations.All of the
samples met the requirement of international standards,
which indicates the freshness of honey samples and absence
of unwanted honey fermentation. The acidity of the honey
improves its antioxidant activity, contributes to flavor, and
effects against the action of microorganisms. Variations in
total acidity depend upon the floral source and harvest
season. This study also reveals that the free acidity
predominates over the lactone acidity in all the samples
analyzed; similar observations were previously reported by
other scientists [8, 24, 43]. This may be due to the hydrolysis
of lactones which in turn increases free acids. The acid
content of honey is relatively low, but it is an important
factor for the honey taste. Most of the honey acids are added
by the bees; the main honey acid is gluconic acid, which is a
product of glucose oxidation by the enzyme glucose oxidase.
The gluconic acid is, however, present as its own internal
ester, which is a lactone and it does not contribute to honey’s
active acidity [44]. Several organic acids including formic
acid, acetic acid, citric acid, lactic acid, maleic acid, malic
acid, oxalic acid, pyeoyhtamic acid and succinic acid have
been found in minor quantities in honey [44]. On the whole,
the acids of honey account for less than 0.5 percent of the
solids, but this level contributes to the flavour and is also
partly responsible for the excellent stability of honey against
microorganisms [8].

pH value: Honey pH which is indeed a useful index of
possible microbial growth, is due to the presence of organic
acids, mainly gluconic acid, pyruvic acid, maleic acid and
citric acid in balance with corresponding lactones or their
internal esters and inorganic ions like phosphate, sulfate and
chloride [45]. Honey pH can provide a good indication of its
botanical origin and it can also be used for the prediction of
honey degradation during storage. The pH of blossom honeys
generally varies between 3.2 and 4.6, with chestnut honey
being an exception in having relatively high pH values of 5.0
to 6.0. Honeydew honeys have high pH values varying
between 4.5 and 6.5, due mainly to the fact that their mineral
contents are higher than floral honey [45]. Honey is a buffer
and, therefore, its pH does not change by the addition of
small quantities of acids or bases. The buffer capacity of
honey is due to the content of phosphate, carbonate and other
mineral salts [44]. This parameter is of great importance
during the extraction and storage of honey as it influences the
texture, stability and shelf life of honey [42]. All studied
honey samples were acidic in nature, and the pH values
varied from 3.67+ 0.02 to5.10+ 0.19 which agree with the pH
of 2.25-5.84 found by other researchers [42, 46, 47]. The pH
values were also within the acceptable range of between 3.6
and 5.6 [29]. Significant difference (p < 0.05) in the pH value
was observed among most of the honey samples. The acidic
pH of honey might be due to the constituent acids, mainly
gluconic acid and minerals. The significance of pH at acidic
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range in foods cannot be overemphasized. They prevent the
honey samples from constant infection by various species of
micro-organisms and thus help to ensure constant shelf life
for the honey samples. The pH values of honey are of great
importance during storage, since the acidity can influence the
texture, stability and shelf life of honey [9]. The acidic pH of
all honey samples from various locations indicates they have
good shelf life.

Electrical conductivity: The analyzed honey samples in the
study showed electrical conductivity values ranged from
0.08+ 0.01 to 0.48+ 0.02 mScm’'. Significant difference (p <
0.05) in the electrical conductivity was observed among all
the honey samples. Terrab et al.[13] stated that electrical
conductivity depend on botanical origin of honey along with
other factors like mineral content, organic acids, some
complex sugars, proteins and polyols. According to the
Codex Alimentarius [2] electrical conductivity values for
floral honey should have value less than 0.8 mS cm’,
whereas honeydew should have values greater than 0.8 mS
cm’. All honey samples evaluated had electrical conductivity
values below 0.8 mS cm™ which indicates that all the
samples from the different locations are of floral botanical
origin. According to Bogdanov et al. [18] conductivity is
good criterion for determining botanical origin of honey and
it is determined today as a routine honey quality control
parameter instead of the ash content. Piazza et al. [48]
developed a linear model which describes the relationship
between the ash content and electrical conductivity in Italian
unifloral honeys as C=0.14 + 1.74A, in which C is the
electrical conductivity in milliSiemens per cm and A is the
ash content in g/100 g.

Sugar content: The total reducing sugar and sucrose
contents in thehoney samples varied from 74.30+ 0.03 to
82.30+ 0.04%and from 3.58+ 0.02 to 4.71x 0.02%,
respectively. Significant difference (p < 0.05) was not
observed among all the honey samples in both the total
reducing sugar and sucrose contents. The total reducing sugar
of the honey samples were above 65%, the minimum limit
set by EEC regulations [49] for reducing sugars. The mean
percentages of sucrose of the studied honey were all below
5% which is the maximum limit proposed by FAO/WHO
standards of honey [50]. The findings of this study are further
authenticated by Codex Alimentarious [2] given the fact that
the range of non-reducing sugar in honey is 1.15 to 12%.
Besides, these results are also in agreement with those of
Kamal et al. [24] who indicated a range of 1.115 to 12.135%
in honey varieties.

Hydroxymethylfufural HMF): Hydroxymethylfurfural
(HMF) content is used as an indicator of the purity and
quality of honey because fresh honeys do not contain HMF
[36]. High level of HMF in honey shows overheating,
improper storage conditions and aged honey [36]. The
overall average HMF value of honey samples analyzed in the
present study ranges from 10.51+ 0.04to 14.31+ 0.02 mg kg’
! These values are within the range of HMF values (3.0-18.3
mg kg') for 27 analyzed honey samples in Spain. No
significant difference (p < 0.05) was observed among the

honey samples. No honey sample in this experiment
exceeded the international regulation which sets a level of
maximum HMF to 40 mg kg [2]. Other studies on honey
from various countries have reported the HMF content value:
Argentinean honey 14.8 mg kg [33], Turkish honey 7.26 mg
kg [51], Portugal honey 6.5 mg kg™ [52].

Diastase activity:The diastase activity of the analyzed
honey samples ranges from 23.20+ 0.02 to 26.46+ 0.02 units
on the Gothe scale. These values are within the range of
diastase activities (10-29G®) for 27 analyzed honey samples
in Spain. No significant difference (p < 0.05) was observed
among the honey samples. The diastase activity is an
acceptable parameter in evaluating the freshness of honey.
Diastase activity is a quality factor influenced byhoney
storage and heating. Although there is a largenatural variation
of this parameter in honey, a standard of a minimum value of
8 on the Gothe scale, has proven to beuseful [53]. From this
point of view theanalyzed samples were fresh with mean
values ranging from 23.20+ 0.02 to 26.46+ 0.02 units on the
Gothe scale.

Protein content: The protein content can be attributed to
the presence ofdifferent types of enzymes and other derived
products thatwere introduced by the bees from the flower
nectar. Theprotein content of tested litchi honey samples was
found in the range 0.744 0.01 to 0.85+ 0.01%. The same
protein levelshave also been reported in Algerian honey
samples [45]; whereas for honey samples from India, the
content wasreported to be lower [54]. The protein content can
be attributedto the presence of different types of enzymes and
other derivedproducts that were introduced by the bees from
the flowernectar. Protein levels in honey are dependent on the
type offlora on which the bees forage [50]. No significant
difference (p < 0.05) was observed among the honey
samples.

5. Conclusion

This study shows the variability of some quality
characteristics of honey samples from the different
locations of Taraba State. The results obtained have
demonstrated that the honey samples obtained from
different locations of Taraba State can be compared
favorably well with other samples from other geographical
locations. The honeys were mostly of good quality when
compared with several international standardsof honey
specifications. However, the difference in composition and
quality parameters of the honey samples may also be
influenced by factors such as differences in climatic
conditions, soil characteristics, honey bee specie, activity
of the bee, environmental temperature, harvesting methods
and storage conditions.
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