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Abstract — A total of thirty six honey samples collectec
from different agro-ecological zones of Nigeria wer
investigated for their physicoehemical and vitamin contents
The results revealed that honey had araverage electrical
conductivity (EC)of 1.27mS/cm, moisture conten, 25.33%
ash content, 0.63 %, pH 3.82and hygroscopicity,1.43. The
colour ranged from light green to dark amber. Thevalue of
hydroxymethyfural content ranged from 0.(1 - 0.06 ppm
while total acidity ranged from 13.6041.60meqg/k.The value
of 52.95%fructose sugar obtainedrom the Sudan Savanna
was significantly different from the values of 27.8%and
28.90% obtained from Mangrove Frest and Tropical Rain
Forest respectively. Thaverage values of glucose and sucro
obtained from Nigerian honey were 26.1% and
1.10%respectively. The honey samples showed a very lo
average protein value of 0.038ppmPotassium (k) had the
highest value of 6.34ppm followed by iro (Fe), 6.34ppm
while calcium (Ca) had the least value of 0.40 ppnin
Nigerian honey. Resultsof the vitamin content showed thai
five vitamins were detected (Biotin Riboflavin, Thiamine,
Ascorbic acid and Folic acid) in honey obtained from
different agro-ecological zones withascorbic acid having the
highest value of 0.31 ppm.

Keywords — Acidity, Biotin, Electrical Conductivity,
Hydroxymethylfurfural , Natural Honey, Vitamins.

|. INTRODUCTION

Honey is a natural energetic food produced by hc
bees Apismellifera) [32]. It is one of the most widel
sought products because of its unique nutritiormad
medicinal properties [21] Natural honey is a swe
substance produced by honey bees from sugary olot
nectar and flowers as their source of food in tiofe
scarcityor during harsh weather conditions. Natural ha
is composeaf mainly sugar and water, other constitue
include; proteinsminerals, organic acids, vitamins, lipit
esters and enzymes.Each of these constituents neasn
to have distinctive nutriticad or medicinal properties at
the unique blend account for the varied diffel
applications of natural honeyq21]. The precise
composition of honey varies according to the ps@cies
on which the bees forage. Othe average, honey
composed of wate(17.2%), glucose (32.16%), fructa
(38.4%), sucrose (1.5%), ash (0.18%) and nitrc
(0.05%) [17] Water is quantitatively the second m
important component of honey, its content is caitisince
it affects the storage of honey. According[14], only

honeys with less thah8 % water can be stored with lit
to no risk of fermentation. He stated that the Ifiwater
content of honey depends on a number of envirorah
factors during production such as weather and hityr
inside the hive, but alsonanectar condition and treatme
of honey during extraction and stora

Several investigations have shown that honey cosm
varying amount of mineral substances ranging frod2 —
1.03 ¢/100g, the main element found in honey
potassium with about orird of the total minere
element [16][17][17]. The acid content of honey
relatively low, but it is important for the honewste.
[30]stated that most acids are added by the IThe main
acid in honey is gluconiacid, a product of glucos
oxidation by glucose oxidag22]. The pH of honey varies
between 3.3 — 4.6 du® their higher mineracontents
[31]. The amount of amino acids and protein constitu
of honey are relatively small, at the most per cent.
Thus, having relatively small nutritive effect, hoves)
these components can be importantjudging the honey
quality [12].

Honey contains some detectable quantities of vitar
[13] repoted that honey should not bensidered as a
good source of vitams as theirconcentrations are best
described in the part per million (pprranges.

The characterization of honeys aids understandiritp
propertes and application hence itse as food ingredients
in human diet. There is pauaditydata on Nigerian honey
whereas there are large volume of data on
characterization of honeys from North America, By
Australia, India and South Africa. Therefore,
objectives of this research work were to determtime
physicochemical and tdamin constituents of hone
produced from different agreeological zones of Niger

[I. M ATERIALS AND METHODS

A total of thirtysix (36) honey samples from six {
different agroecological zones in Nigeria name
(Mangrove ForestTropical Rainforey, Derived Savanna,
Southern Guinea Savanna, Northern Guinea Savarth
Sudan Savanna) were collected in sterile bottlesn
identified beekeepers. These were kept in the
cupboard to prevent photodecomposition at amt
temperature condition until theywere needed for
laboratory analyse The honey samples collection w
made in the year 2008 and respectively analyzec
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physical properties, chemical and vitamin constitseon
the biochemistry laboratory of the Internationadtitute of
Tropical Agriculture (1ITA) Ibadan, Nigerie

The colourof the honey samples were tested using
fund scale (an official density reading generalged in
international honey trade). Fiftyilliliters (50 ml) of each
honey samples was measured into a beaker and oy
stirred. Twenty milliliters (20 ml)was measured ar
placed on a profound scale in the laboratory. Haalings
obtained were compared and the scale tabulatedatin
of the honey sample.

Electrical conductivity was determined by measui@6
g of dry matter of honey in 100 ml wltra-pure water.
This was thoroughly mixed to form a solution. 1
electrical conductivity cell was immersed at’C while
the reading was expressed in Mikmen per centimeter
(mS/cm) [6] The moisture content was determined
weighing 1@y of honey samples in a |-weighed crucible,
which was then dried at 188 until a constant weight w:
obtained [19] Ash content was determined by igniting
55°C in a furnace to constant mass. The pH
measured by pH meter in a solution containiOg of
honey sample in 75ml of distillesvater according t
Association of Official Analytical [6].
Hygroscopicitywas determined by measuring 50 ml
honey samples and left open in the beaker for athwee
hours. The difference in volume of the honey samyds
computed from which the hygroscopicity was deteedil
The ®mposition of the hydroxymettfurfural-dehyde
(HMF) of the honey samples was determined
measuring ten grammes (10 g) of unheated honeyls:
and dissolved in 20 ml of ultnadre water, which was the
transferred into a 50 mldlumetric flask. Two milliliter (2
ml) of each sample was introducedo 2 test tubes ar
5.0 ml solution was added to each tube. The blaak
prepared by adding 1 ml barbituric acid to a tulite & ml
of ultrapure water. The absorbance of the test sample
read against the blank at 550 nm wave length ugie
spectrophotometer (Speatio 20D model). The HMF we

calculated using the equation proposeWinker (1995)

HMF (mg /100g )= —~osorbance
Cell path Length

Honey acidity was determined by the trimetric meltt
The addition of 0.05N NaOHwas stopped at pH 8.
(free acidity), immediately a volume of 10 ml o0B.m
HCL from 10 ml to pH 8.30 (lactic acid). Total acidit
was dtained by adding free and lanic acidity [8].
Results were expressed as milliequivalent of aeidkg of
honey (meg/kg) [6].

Sugar constituent of the honegmples was obtained
using the phendulphuric acid method ¢[2]. 10 ml of
each honey sample was dissolved in 250 ml of kdi
water in a calibrateflask. This was stirred thoroughly a
centrifuged to obtaina supernatant solution for tl
analysis. One millilite(1 ml) of the diluted solution we
pipetted into test tube and 1 ml of%Zhenol was adde
to each test tube. Five milliliters (5 ndj 96% F,SO, was
also added in drops. The test tube was then alloox
stand for 10 minutes before the content was traresfi
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into clean greeffree cubettes. Stock glucose was prep
as standard. The values of the reducing suFructose
and Glucose) present imeh honey samples were read
a spectrophotometer at a wave length of 49(

Honey samples were analyzed for crude protein L
the routine Kjeldahl nitrogen meth(3]. Ten grammes
(10 g) of thehomogeneous honey sample was weic
into digestion flak and dissolved with 10 ml of uli-pure
water. The diluent wagransferre into the volumetric
flask, while Kjeldhal catalyst tablet (potassiuniphate)
was added and thoroughly shaken. 20 ml of concieat
H,SO, was added and fixed into the diges The flask
was cooled and the digest transferred into 100
volumetric flask. Fivedrops of brorocresol (indicator)
and 75 cm of ultrgpure water were adde¢ Ten
milliliters(10 ml) of the digest was piped into the
Kjeldahl distillation flask and titrated with 0.05 N of HC
while percentage total nitrogen was calculated gushe
[3] equation. The percentage crude protein was obt:
for all the honeysamples by multiplying the total nitrog
by 6.25 for each of the honeample.

The honey samples were analyzed for mineral eleath
content by using the atomic spectrophotometer (A&R)
Flame Photometer according[7]. Ten (10 g) of each of
the samples was weigl and dissolved in uli-pure water
and mixed thoroughlyThe solution was stirred for !
minutes on a mechanical stirrer at 1550 rpm. Atgmhuof
parloric acid and nutric acid were added and m
thoroughly. This homogenous solution was disperised
the AAS in order to determine the concentratiof
Calcium (Ca), Iron(Fe) andPotassium (K) at different
wave lengths. A standard was prepared for eachesfe
elements.

The vitamins present in honey samples being andl
were determined by titrimetrgnethod in accordance with
the method of [28] and[7]. iBtin, Riboflavin, Thiamine,
Absorbicacid and Foliacid were determined from tl
honey samples obtained from different éecological
zones of Nigeria. Data generated were statistice
analy®d, using the StatisticeApplication System[29].
The data wer subjected to Analysis of Varian
(ANOVA) while the means were separated with thedi
Duncan Multiple Range TedDMRT) at p<0.05.

[1l. R ESULTS AND DISCUSSION

The physical properties of the samples of hc
obtained from different agreeological zone:of Nigeria
are summarized in Table The colour ranged from ligl
green to dark green and completely dark (Mangranest
— Sudan Savanna). The electrical conductivity (EQ)es
varied from 1.08 — 1.57 m&hn. The lowest value was
obtained from honey samples from Northern Gui
Savanna and was significantly different from thghieist
value of EC obtained from Mangrove forest of Nige
The EC is a good criterion related to botanicagioriof
honey and thiss often used in routine honey cont
instead of the ash contefithe electrical conductivity ma
also be explained by taking into account the ashaid
content of honey which reflects the presence o$ iand
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organic acid, the higher their contente higher the
resulting conductivity [18] The mean value of 1.
mS/cmof EC obtained from Nigerian honey is clr to
the minimum value of 1.95 m@&n of EC reported fc
Liptov honey by [24].

The percentage water content is a quality parar
which is used to estimate shéfg, staling rate an
crystallization rate of honey samples. The mois
content of honey samples investigated varied fram 2%
in Sudan Savanna honeys to 30.28% in MangForest
honeys (Table 1)There was a significant differee in the
values of moisture content (28.98 %) of honey oted
from Tropical Rainforestand the values (23.02 %)
moisture content of the honey sample obtained !
Northern Guinea Savannand 26.47 % of moistui

content obtained from Southern Guinea anna honeys.

The moisture content variation can be explainedths
composition and floral origin of honey samples.
increasen moisture content of honey is also indicative
adulteration The values of ash content varied in the re
of 0.54 — 0.79 d/00g. The highest value of ash cont
(0.79 g/100g) was obtained from honey samples fitos
Mangrove Forestand this was significantly different fro
the values of 0.64, 0.69 and 0.57 g/100g obtaimeth
Tropical Rainforest Southern Guinea Savanna
Northern Guinea Savanna respectiveTable 1). Ash
representghe direct measure of inorganic residues ¢
honey carbonization. The mean ash value of 0.680g/
obtained from Nigerian honey is different from thedue
of 0.50 @g/100g obtained from hgnegrom lbadan a
reported by [19] This variability in ash content can
explained by the floral sourcesf the honey[28]. There
was a significant difference in the pH values ohéw
samples obtained from different agroelogical zones ¢
Nigeria (p < 0.05). There was no significant differen
between the value of pH &.78 and 3.74 obtained fro
the Tropical Rainforest and Deriv&8hvanna respective
but was significantly different when compared witie
value of 3.65 and 4.27 obtained from Sudananna and
Northern Guinea Savanna respectivalglflel).

The mean value of pH (3.87) obtained for Nige!
honey is closer to the mean value of 3.96 obtabng[15]
for Nigerian honey. The hygroscopicity honey obtained
in Nigeria showed that it is atreng hygroscopic
compound and that it is an importatftaracteristi in the
processing and storage of hong&je mean value of 1.
of hygrosopicity obtained from honey samplcollected,
indicated that honey will absorb moisture from
atmosphere at relative humidity of about 60%. Tikisn
agreement with the results obtained for U.S. hores
reported by [14] The result of hydixymethyl
furfulradehyde (HMF) constituents of honey sides
obtained from different agreeological zones of Niger
revealed trace amounts. The mean HMF values v
from 0.01 -0.06 ppm with an overall average of 0.03 ¢
obtained from Tropical Rainforest and Southern @a
Savanna and 0.02 ppm obtainechirthe Mangrové-orest
and the Northern Guinea Savanna. However, these
significantly different from the mean values of ®.8nd
0.06 ppm obtained from the Deriv&hvanna and Sudi
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Savanna respectively, though not significantly efiht
when compared with eadther Table 2).

The HMF measures the quality of honey via
formation of 5hydroxymethylfurfuraldehyde by ac
hydrolysis of its sucrose with the formation of realour.
The mean HMF obtained from honeys from the St
Savanna varied widelyfrom that collected from th
tropical rainforest [25]This variation could be as a res
of the type of the floral source and level oferioration
(Crane, 1990). The results of lactonic free andltatidity
showed that honey is very acidic. The mevalues of
0.22, 18.85 and 24.28meq/keere obtained for the lacti
free and total acidity respectivelTable 2). The values
obtained for total acidity for Nigerian honeys st study
fell within the range for Moroccan hon(20]. The acidity
of honey contributes to its stability against m-
organisms. The sugar found in honey is the soufc
energy needed for life physiological activitiesu€iose
and glucose sugar are the mesugar found in the honeys
collected from different agreeological zones cNigeria
(Table 3).The mean value of fructose of 52.95% obtai
from honey samples collected from the Sudan Sav
was significantly different from 27.76, 28.90 arel30 %
obtained from honey samples collected from Mang
Forest, Tropical Rainforesind Northern Guinea Savanna
respectively (Tabl&). The mean glucose value of hor
collected from Nigeria showed a range of 14- 42.06 %
indicating that after fructoseglucose sugar is the main
constituent of honey. The meevalue of 32.38 % of
glucose obtained from the MangrovForest was
significantly different from the mean value of 14.% anc
23.18 % obtained fronTropical Rainforesand Derived
Savanna honeys respectiveTable 3). This result is in
conformity with the researcheported by [26] that the
majority of sugar in honey are the simple sis, fructose
and glucose which represents — 95 % of total sugars
found in honey. Generallyfructose sugar is greater th
glucose sugar for honeys collected from variogro-
ecological zones of Nigeridhis is in agreement with tt
report of Crane (1990) who reported that fruct@senore
abundant than glucose sugar constituents in U.1gyx

The protein contentletected in Nigerian honeys is
small quantities with the highest value of 0.05
obtained from the Tropical Rainforest and was
significantly different from the mean values of @io of
0.03 and 0.04 ppm obtained from Southern Gu
Savanna and Sud&Savanna respectivel Table 3). This
result is in agreement with the repori[4] who stated that
honey is not intended as a proteinaceous food;dntains
a series of free amino acids necessary for I-
promoting effects in human beir

The miner&elements detected in honeys collected fi
different agroecological zones of Nigeria showed t
minerals are in trace quantities, excPotassium (K) and
iron (Fe) which were found to occur in signific
quantitiesin honeys investigated. The meanlues of
0.40, 5.23 and 6.34 ppm @falcium(Ca), iron (Fe) and
PotassiumK) respectively obtained from honey samg
obtained from Nigeria showed that these minerahelds
are found in trace qualitiebut significantly different fron
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one agro ecological zone to anothétotassiunregulates
acid-alkaline balance in the blood and is involved ie
transmission of nerve impulseagtivate the functions of
several enzymes and the muscular function of tlaet hi
also has a positive effect on the funn of skin and
kidney. It is the most abundant traglemen followed by
Fe and Ca in the honey samples investd. This finding
is in accordwith many other studies on hor [14] [16]
[17] reported thatthe main element found in hones
potassium (K with an average of about cthird of the
total composition of mineral elements in honey. e3al
investigationshave shown that trace elements conter
honey depends mainly on the botanical origin of
honey; hence, the different values of minerlements
varied from one zone to the other in Nige[11] [5].
Honeys obtained from Nigeria cont small, but
detectable quantities of vitamin. The vitamins detd
include Biotin, Riboflavin, ThiamineAscorbic acid and
Folic acid with Ascorbic acid {tamin C) being the
dominant, followed by Folic acid ifone)s investigated.
The highest mean value of biotin of 0.34 ppm oled
from Guinea Savanna was significandifferent from the
lowest value of 0.16 ppm and 0.20ppitained from the
SudanSavanna and Mangrove forest honeys respec.
Biotin has a positive effect on these wiseborrheic
dermatitis. It is very important for growth an
developmentatiisorders, fragile or splitting fingenails or
premature ageing of the skiRiboflavin ccntributes to
metabolism and helps the uptake of, normalizes the
functions of the nervous, digestive and cardiovias(
system. It also supports the function of the low
gastrointestinal tract (GIT) whil&hiaminecontributes to
carbohydrate metabolismsupports the functions of tl
nervous system, heart and livAscorbic acid (Vitamin C)
contributes to all metabolic activities in anin. Folic acid
also contributes to the production of -blood cells and
nucleic acid. It is also essential as it supporsilthy
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immune system. However, honey should not be coresi
asa good source of vitamins as their concentrati best
described in parts per million (ppm) range. Thisuit
agrees wihi the report of Baker an[10] who submitted
that honey contains trace elements of several uisut
The mean value for riboflavin detected in Nigerfamey
is closer to that of the U.S. as reporte([13].

V. CONCLUSION

The results obtained in this sy showed that
physiochemical properties of Nigerian honey comgi
favourably with honey from other countries for theriod
of investigation. The colour and other physi
characteristics tested varied slightly from onedl@ource
location to the otheand from one phytogeographical zc
to another. Dark honey obtained from most of thedys
analyzed showedthat the honey is rich in meral
constituents as reported by Aubert g29]. The most
important aspect of honey col(is in its market value and
the determination of its end use. Dark honeys aost
often used for industriagburpose, while light honey is
market for direct consumption. Honey is decepti
acidic as its acidity contributes to its stabiliagainsi
micro-organisms and flavor. The results showed
Nigerian honey is very acidic with the values fotat
acidity falling within the range reported ©[20] for
Moroccan honey. In this study, honeys obtained f
different agroecological zones in Nigeria we found to
have various nutritionatomposition. The fructose and
glucose sugars were found to be the predominartrstig
all the honeys investigated. These results were
conformity with the range value requirement of DA
standard for honey. Thefférences and other constituel
obtained from different agreeological zones may be d
to the composition and floral origin of the hon

Table 1. Meawalues +SE) of physical properties of honey samples obtaineth
different agro-ecological zones of Nigeria

Agro-ecological zone Colour EC MC (%) Ash (%) pH Hygros
(mS cm?) copicity
Mangrove forest Light green 1.57+0.083 30.28+4.11 0.039+0.033.33+0.0° 1.27+0.12
Tropical rainforest Dark amber 1.27+0.12 2898+3.10 064+0.06 3.78+0.0° 1.10+0.03
Derived Savanna Light green 1.23+0.0f 22.10+2.1% 0.64+0.04 3.74+0.0° 1.38%0.14
Southern Guinea Savannaight green 1.35+0.04 26.47+3.04 0.69+0.038 417 +0.0° 1.18+0.031
Northern Guinea Savan Green 1.08+0.0f 23.02+3.11 057+0.18 4.27+0.0® 1.86%0.05
Sudan Savanna Dark 1.12+0.08 21.13+212 0.54+0.08 3.65+0.0° 1.77+0.03
Mean 1.27 25.33 0.63 3.82 1.43

Mean with the same letters in the same column atrrsignificantly different at K 0.05 according to Duncan Multip
Range Test
EC - Electrical conductivity
MC - Moisture content
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Table 2.Mean value((£SE) of chemical properties of honey samples obtaineah

different agr-ecological zones of Nigeria
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Agro-ecological zone Hydroxymethyl furfural Lactose acidity Free acidity Total acidity
(ppm) (Mec kg™) (Mec kg™) (Mec kg™)
Mangrove forest 0.02 3.20+0.18 10.40 + 3.1°¢ 13.60+2.18
Tropical rainforest 0.0 0.80+0.12 17.50 + 3.0° 18.30 + 2.14
Derived Savanna 0.05' 9.00 +0.28 13.50 + 2.1° 22.50 +1.67
Southern Guinea Savanna 0.0? 2.70+£0.18 12.00 + 2.0° 14.70 +2.1%
Northern Guinea Savanna 0.02 7.50+1.2% 34.10 +3.1° 41.60 + 2.31
Sudan Savanna 0.06' 2.10+0.4% 26.00 + 2.6° 35.00 +2.1%
Mean 0.03 4.22 18.85 24.28
Mean with the same letters in the same column atrsignificantly different at I< 0.05 according to Duncan Multip
Range Test

Table 3. Mean value3(SE) of sugar, protein and ineral constituents of honey samples obtained
different agro-ecological zones of Nigeria

Agro-ecological zone Fructose (%)Glucose (% Sucrose (%) Protein (ppn@alcium (ppm) Iron Potassium
(ppm) (ppm)
Mangrove forest 27.76 £258 32.38+24° 1.02+0.01 0.03+0.01 0.45+0.08 5.09+1.08 4.78+1.0>
Tropical rainforest 28.90+2.0% 1487+15% 1.13+0.01L 0.05+0.02 0.41+0.1%f 4.18+0.18 654+1.04
Derived Savanna 28.68+2958 2318+1.6° 1.12+0.01 0.04+0.01 0.43+0.10 6.18+1.02 7.42+152
Southern Guinea Savans.30 +2.07 25.26 +1.8° 1.04+0.12 0.04+0.01 0.42+0.1%2 5.06+1.0f 6.76 +1.08
Northern Guinea Savan 25.30 +2.18 18.99 +2.1¢ 1.12+0.03 0.03+0.01 0.33+0.0f 5.08+1.34 6.20+1.0%
Sudan Savanna 52.95+4.18 42.06+2.8% 1.17+0.10 0.04+0.01 0.35+0.08 5.77+098 637+1.76
Mean 27.57 26.1:2 1.10 0.038 0.40 5.23 6.34
31.48 Ns Ns
Mean with the same letters in the same column atrsignificantly different at I< 0.05according to Duncan Multipl
Range Test

Table 4.Mean values ovitamins @SE) obtained in honey samples obtained fi
different agr-ecological zones of Nigeria

Agro-ecological zone Biotin (ppm) Riboflavin (ppm) Thiamine (ppm) Ascorbic acid (ppn Folic acid (ppm)
Mangrove forest 0.20 +0.0% 0.22 +0.0% 0.21 +0.0% 0.24+0.0° 0.12 +0.0%
Tropical rainforest 0.25 +0.01 0.30 £0.02 0.23 +0.0% 0.85 +0.0? 0.28 £0.02
Derived Savanna 0.12 +0.01 0.26 +0.02 0.12 +0.01 0.25 +0.0° 0.21 +0.0%
Southern Guinea Savanna 0.34 +0.02 0.31 +0.02 0.32+0.02 0.18 +0.0¢ 0.28 +0.02
Northern Guinea Savan 0.18 +0.0% 0.23 +0.02 0.26 +0.02 0.14 +0.0° 0.22 +0.0%
Sudan Savanna 0.16 +0.0% 0.28 +0.02 0.27 £0.02 0.21+0.0. 0.25 +0.02
Mean 0.21 0.22 0.26 0.31 0.23

Mean with the same letters in the same column aersignificantly different at I< 0.05 according to Duncan Multip

Range Test
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