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Abstract

The effect of the colour of five samples of honey (A,B,C,D,E) on their physico-chemical composition, microbial quality
and antioxidant activities was studied using standard techniques. The samples had low pH, moderate moisture, ash
contents but significant quantities of phenols, flavonoids with higher scavenging activities on 2,2 diphenyl-1-
picrylhydrazyl (DPPH) radical than quercetin (P < 0.05) and their colour decreased in the order: E>A>B>C>D based on
their absorbance at 560nm. The mean coliform counts of the samples ranged from 0 to 5.0 x 103cfu/ml for bacteria, 0 to

1.5 x 103cfu/ml for fungi while Staphylococcus, Fusarium and Penicillum were isolated. There was a positive correlation
between colour versus pH (0.879), phenol (0.85), ash (0.622), inhibition of DPPH radical (0.769) and flavonoid contents
(0.157) but a negative correlation between the colour versus reducing sugars (RS) (-0.707), bacteria (-0.252) and fungi
counts (-0.170). We obtained a positive correlation between the scavenging activities of the samples on DPPH versus
flavonoids (0.621) and phenols (0.859), a negative correlation between the bacterial load of the samples versus pH (-
0.448), phenol (-0.556), ash (-0.443), RS (-0.441) and flavonoids (-0.790) as well as a negative correlation between the
fungi counts of the samples versus pH (-0.097), phenol (-0.171), RS (-0.783), ash (-0.371) and flavonoids (-0.732).
Darker honeys have lower RS but higher pH, phenols and antioxidant activities than lighter honeys. The honey samples
could be useful in the treatment of diseases that implicate free radicals while the sterile quality of honey A confers very
high therapeutic properties on it.
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1. Introduction

Honey is the natural sweet substance that is produced by honeybees (Apis mellifera) from the nectar of blossoms or
from the secretions of living parts of plants > ** which these honey bees use and store as food. The geographical, climatic
conditions, floral origin or the nectar foraged by bees tend to affect the physicochemical, phenolic and antioxidant activities
of honey %** 243848 Therefore, different honey types have different composition.

Natural honey is composed mostly of carbohydrates, lesser amounts of water and a great number of minor
constituents such as: proteins, minerals, phytochemicals and antioxidants. These minor -constituents confer
medicinal/biological properties on honey such as: treatment of burns, wounds, cataracts, ulcers, etc *.

According to James et al.®®, artificial (adulterated) honeys can be produced from carbohydrate sources and their
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glucose-fructose composition are often close to the range of natural honeys. These artificial honeys often have similar taste
and physical appearance as natural honeys but they (artificial honeys) lack the biological properties of natural honeys
because of the absence of these minor constituents of natural honeys. In addition, some indigent Nigerians who cannot
afford the cost of proper medication, use honey for various therapeutic purposes. Therefore the need for the characterization
of honey samples from different sources to determine their properties cannot be overemphasized .

The various types of antioxidant components in honey have been reported to synergistically contribute to the anti-
oxidative/radical scavenging activities of honey*. These antioxidant systems include: enzymatic (e.g. catalase and glucose
oxidase) and non-enzymatic (example: organic acids, maillard reaction products, amino acids, proteins, flavonoids,
phenolics, o-tocopherol, ascorbic acid and carotenoids) substances®”. The presence of these different antioxidant
components in plants makes it relatively difficult to measure each component separately®®. The antioxidant activity (total
antioxidant capacity) of plants and plant extracts can be determined by several in vitro methods. However, two methods are
widely employed for antioxidant studies. The first set of assays involve electron or radical scavenging and they include: the
2,2 diphenyl-1-picrylhydrazyl (DPPH) radical, Trolox equivalent antioxidant capacity (TEAC), and FRAP assays. They are
based on reduction reaction. The second set are associated with lipid peroxidation and they include: the thiobarbituric acid
and B-carotene bleaching assays™.

The DPPH assay is used to predict antioxidant activities by mechanisms in which antioxidants in a system act to
inhibit lipid oxidation by scavenging of DPPH radical and this gives an idea of the free radical scavenging capacity of the
system/substance being investigated. The method is widely used due to relatively short time required for the analysis.

The composition of honey affects the growth and survival of microorganisms through bacteriostatic or bactericidal
actions”’. Similarly, the low pH, phenolic and high sugar contents of natural honey tends to prevent the growth of
microorganisms in it. However, there are indications that some species of micro-organisms could withstand the concentrated
sugar and acidity of honey™. The presence of these micro-organisms in honey, gives an idea of its sanitary or commercial

quality .

There are indications that the colour of honey could play some important roles in classifying/ grading different
samples of honey” **. Meda et al**reported that darker honeys have a higher phenolic content than lighter honeys. Similarly,
in our previous studies®, we reported that lighter honeys could contain higher amounts of sugars than the darker honeys.
This shows that there could be a strong correlation between the colour of honey and its composition. Originally, the colour
of honey was determined using a simple optical device, the Pfund colour grader which compares honey with a fixed amber
glass wedge and the measurements were incorporated in various standards. However, it has been reported that the
spectrophotometric method is just as applicable and does not suffer from instrument to instrument variability shown by
Pfund graders. Thus a simple measurement of absorbance at 560nm enables a colour classification for honey to be
established (Biochrom Partners in Science). However, to the best of our knowledge, there is paucity of information on the
association of the colours of different honey samples and their compositions. Information generated from this study could
serve as a baseline for classifying various honey samples as well as determining their quality.

This therefore led to the study above which was designed to investigate the effect of varying colours on the
physicochemical properties, microbial quality and radical scavenging activities of some commercially sold honey samples
in Aba, Nigeria.

2. Materials and Methods

Five different honey samples were randomly purchased from some markets in Aba, Abia State, Nigeria. Six ml of
each sample was dissolved with 2 ml of methanol, made up to 60 ml with water, and left overnight. The mixtures were
centrifuged (Labtech Model Centrifuge) at 3000 x g and the supernatant was analyzed for their phenolic and flavonoid
contents. The honey samples were grouped into A, B, C, D and E.

2.1 Physical properties of honey samples: The moisture, dry matter and ash contents of the various honey samples were
determined using the AOAC methods®.

2.2 Colour analysis: The undiluted honey samples were filtered with Whatman filter paper and two ml of each filtrate was
measured directly with a UV spectrophotometer (Genesys UV Spectrophotometer) at 560nm” *. The colour of the samples
were also visually observed in a 1cm cuvette before each reading and compared with a colour chat.

2.3 pH: The pH was measured by making a 10% v/v suspension of the samples in distilled water. The suspensions were
thoroughly mixed and the pH was measured with a Hanna pH meter (Model HI1270).
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2.4 Reducing sugar assay: The volumetric method of Lane and Eynon®’ as modified by the Joint FAO/WHO Codex
Alimentarius Commission® and the International Honey Commission®® was used to determine the reducing sugar contents
of the honey samples. Results were expressed as percentage of invert sugar per 100 ml of honey.

2.5 Antioxidant assays

2.5.1 Phenolic assay:The method of Singleton and Rossi *' was used. Briefly, to 0.1ml each extract of the different honey
samples was added 50 pl of Folin-ciocalteu reagent and the whole set up was shaken for thorough mixing. After 3 minutes,
0.3 ml of 20% Na,CO; was added to the reaction mixture and the whole setup was shaken and incubated for 15 minutes at

room temperature.

One ml of distilled water was added to the reaction mixture and the absorbance was read at 725nm using a UV
spectrophotometer (Genesys 10 VIS Thermo Electron Corporation) against the reagent blank. The total phenolic content of
the samples was determined using the standard curve of gallic acid and results were expressed as mg gallic acid equivalent /
100g.

2.5.2 Assay of total flavonoids: The method of Meda et al.** was used. To 0.5 ml of the extract were added 0.5 ml of
methanol, 50 ul of 10% AICI; (in ethanol), 50 pl of Imol/l of potassium acetate and 1.4 ml of water. The mixture was

incubated at room temperature for 30mins and the absorbance read using an Ultra-violet spectrophotometer at 415 nm
against the reagent blank. The total flavonoid contents of the samples were determined using the standard curve of quercetin
and results were expressed as mg quercetin equivalent/100g.

2.5.3 2,2-diphenyl-1- picrylhydrazyl (DPPH) radical scavenging assay: The method of Blois® was used with
modifications. A measured amount (0.5 ml) each of the honey samples was dissolved in 200 ml of methanol to give a
concentration of 2.5 mg/ml and the mixture was filtered with Whatman No. 1 filter paper. Then, 0.1, 0.2, 0.3, 0.4 and 0.5 ml
of each filtrate was further diluted with methanol to give final concentrations of 125, 250,375, 500 and 625 pg/ml
respectively. Finally, 0.1 ml of 0.3mM DPPH in methanol was added to each of the reaction mixtures and the whole setup
was well shaken and left in the dark for 30mins before the absorbance was read spectrophotometrically at 517nm against a
DPPH control containing only 1 ml of methanol in place of the extract. The same procedure was followed for standard
quercetin (2.5 mg/ml in methanol) which was diluted to the concentrations: 125, 250, 375, 500 and 625ug/ml respectively.
The percentage scavenging activity was calculated as:

% Scavenging activity = (Absorbance of control-Absorbance of sample) x 100
(Absorbance of control)

2.6 Microbial assay
2.6.1 Isolation of microorganisms

One ml of each sample was picked with the aid of a sterile pipette. A plastic rack was arranged with 9 sterile test
tubes containing 9 milliliters of sterile distilled water. A ten fold dilution* was done by dispersing 1ml of the sample into the
first test tube (10°") which was well shaken. One milliliter was taken again from 10! dilution and transferred to the next test
tube (10°2). The dilution continued to 10™. Each test tube was shaken vigorously before each transfer.

2.6.2 Inoculation: The pour plate method* was used in plating all the samples. One ml from dilution 1073 was dispersed
into sterile petridish with the aid of a sterile pipette. Molten nutrient and potato dextrose agars were poured into the plates
(10 ml) and isolation of bacteria was carried out using the nutrient agar while the potato dextrose agar was used to isolate
fungi. The plates were swirled gently for easy mixing of the samples and the media. All plates were allowed to solidify on
the bench and each plated sample was duplicated.

2.6.3 Incubation: The potato dextrose agar plates were transferred to an incubator at 25°C for 3-5 days while the nutrient
agar plates were transferred to another incubator at 379C for 18-48 hours. All incubated plates were examined daily for
mycelia and colony growth.

2.6.4 Subculture and purification: After the incubation period, discrete colonies from bacteria were picked with a flamed
wire loop and sub cultured into a newly prepared nutrient agar plate. Similarly, a flamed surgical knife was used to
subculture different colour of mycelia growth from potato dextrose agar (PDA) plates on newly prepared PDA plates. All

nutrient agar plates were transferred into an incubator at 37°C for 18-48 hours while the PDA plates were incubated at 25°C
for 3-5 days. Purified colonies and mycelia were transferred into slants and stored in a refrigerator for characterization.

2.6.5 Characterization of purified culture (fungi): Macroscopic examination was done by physical characteristics of the
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mycelia for colour and structure. Microscopic characteristics were equally done through the morphology structures for
separate, non-separate and special organs like rhizoids as described by Bernette and Hunter®. A wet mount method* was
done before viewing the isolates under an x40 compound microscope. Each morphology structure of each isolate was
matched with a mycology Atlas® for identification.

2.6.6 Characterization of purified culture (bacterium): Each purified bacterium was examined microscopically,
macroscopically and gram stained. Biochemical (oxidase, H,S, coagulase, catalase, methyl, indole) and sugar fermentation

tests were carried out and results were matched with a Bacteriology Atlas'.

2.6.7 Morphology for microbial load (Total Viable Count): One ml of each honey sample was picked with the aid of a
sterile 10ml pipette. A plastic rack was arranged with 9 sterile tubes containing 9mls of sterile distilled water. A ten fold
serial dilution was carried out by dropping 1ml of sample into the first test tube and the set up was well shaken. From this
(1071, further dilutions were made to 107,

2.6.8 Inoculation: A pour plate technique was used in the plating of the samples. One ml from dilution 10-3 was dropped in
sterile petridish with the aid of a sterile pipette. Molten nutrient and potato dextrose agars were poured into the petridishes
(about 10ml). The plates were rotated clockwise for easy mixing of the samples and the media. All the plates were allowed
to solidify on the bench and duplicated.

2.6.9 Incubation: The potato dextrose agar plates were transferred to another incubator at 37°C for 18-24 hours. Plates
were examined daily for microbial growth.

2.6.10 Counting of colonies: After incubation of all the plates, counts of the number of colonies in each plate were done
with a hand tally counter”. The mean of the counts were obtained and multiplied by the appropriate dilution factor. The
mean count was calculated as:

Mean = Total viable count

Number of plates
The estimation of the viable counts in each sample was made in colony forming unit (CFU) and Total viable count
= 1/weight of sample x N x D
Where N = Average number of colonies per plate; D = Dilution factor
2.7 Statistical analysis
Data was subjected to analysis using the statistical package for social sciences (SPSS), version 15.0. Results are

presented as mean + standard deviations. One way analysis of variance (ANOVA) was used for comparison of the means.
Differences between means were considered to be significant at P < 0.05 using the Duncan Multiple Range Test.

3. Results

The colour of the honey samples decreased in the order: E >A >B > C > D (Table 1).
The ash contents of the honey samples ranged from 0.27 to 1.00(%) with honey A having the highest ash content
(0.86+0.14%) while honey C had the least (0.30=0.03%) (Table 1).

The moisture contents of the five honey samples ranged from 15.66 to 19.35 (%) with honey E having the highest
moisture content (19.32+0.03%) while honey C had the least (15.67+0.01%) (Table 1).
The pH values of the samples ranged from 4.32 to 4.85. Honey E was observed to have the highest pH (4.85) while honey C
had the least (4.32) (Table 1).
Table 1. Physical properties of different honey samples

Sample Colour (absorbance at 560nm) | Ash content (%) | Moisture content (%) pH
A 1.986 0.86+0.14¢ 16.40+0.02b 4.83
B 1.781 0.67+0.02¢ 17.59+0.02d 4.52
C 1.637 0.30+0.03a 15.67+0.01a 4.32
D 1.542 0.60+0.03b 16.63+0.04¢ 4.34
E 2.294 0.74+0.03d 19.32+0.03¢ 4.85

Values with the same superscript along each vertical column are significantly different (P < 0.05)
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In line with the standard given by the Biochrom Partners in Science and USDA (1985) (Table 2), the classification
of honey colour using the pfund scale or absorbance reading at 560nm is as follows: Pfund scale of <8.0mm or absorbance
reading of 0.0945nm = water white; 9-17mm or 0.189nm = Extra white; 18-34mm or 0.378nm = White; 35-50mm or
0.595nm = Extra light amber; 51-85mm or 1.389nm = Light amber; 86-114mm or 1.39 to 3nm = Amber; 114mm or
>3.1nm = Dark amber (Table 2).

Table 2. Classification of honey samples based on colour absorbance at 560nm

Colour Colour range Pfund scale (mm) | Mid range absorbance at 560 nm
Water White Very light colour 8.0 or less 0.0945
Extra White Darker than water white 9-17 0.189
White Darker than extra white 18-34 0.378
Extra Light Amber Darker than white 35-50 0.595
Light Amber Darker than extra light amber 51-85 1.389
Amber Darker than light amber 86-114 1.39-3.008
Dark Amber Darker than amber in colour 114 >3.1

Source: Biochrom Partners in Science., USDA (1985).

The USDA (2009) and Codex (1994) gave the standard for water in honey as < 18.6 (good), < 20 as reasonably
good and >20 as bad (Table 3). The standard for reducing sugars in honey as given by the USDA (2009) and Codex (1994)
is a percentage reducing sugar content of not less than 65% (Table 3).

Table 3. Standard for water in honey (%).

Grade Water content % Reducing sugar

Good <18.6 Not less than 65%
Reasonably good <20.0

Low >20

Adapted from USDA * and Codex

The honey samples that were studied contained large amount of phenols ranging from 0.846 to 1.087 (g/100g),
significant quantities of flavonoids ranging from 10.154 to 10.252mg/100g, significant quantities of reducing sugars except
honey E as well as higher scavenging activities on DPPH free radical compared with standard quercetin (Table 4). In
addition, the scavenging activities of the five honey samples analyzed and standard quercetin decreased in the following
order: Honey E > Honey A > Honey B > Honey C > Honey D > Quercetin.

The percentage reducing sugar content of honey B (76.3440.11%) was the highest among the samples that were
studied while that of honey E (49.14+1.14%) was the least.

Table 4. Assay of chemical composition of different honey samples

Sample Phenols(g/100g) Flavonoids Scavenging Reducing sugars
(mg/100g) activity (%) (%)
A 1.084+0.03¢ 10.196+0.00d 98.63+1.36¢ 65.79+1.14c¢
B 0.954+0.00c 10.250+0.02¢ 98.20+1.20c¢ 76.34+0.11e
C 0.898+0.01b 10.166+0.01c 95.93+1.36¢ 65.36+1.10b
D 0.848+0.02a 10.154+0.01b 91.95+1.95b 66.67+1.25d
E 1.069+0.01d 10.178+0.05a 98.64+1.07¢ 49.14+1.14a
Quercetin 83.64+9.65a

3®Values with different superscript along each vertical column are significantly different (P < 0.05). N = 5 honey samples.
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The microbial load of the samples ranged from 0 to 5.0 x 103cfu/ml for bacteria and 0 to 1.5 x 103cfu/ml for fungi.

Sample D was observed to have the highest bacterial count (5.0 x 103cfu/m1) while sample A had none (Ocfu/ml) whereas

for fungi counts, Sample E was observed to have the highest fungi count (1.5 x 103cfu/ml) while samples A and B had none
(Ocfu/ml). The microorganisms isolated include: Staphylococcus, Fusarium and Penicillum (Tables 5 to 6).

Table 5. Microbial load of different honey samples and microorganisms isolated (Bacteria)

Sample Replicate I Replicate 2 Mean Isolated microorganisms
A - - - NIL
B 1 - 0.5 Staphylococcus species
C 3 3 3 Staphylococcus species
D 4 6 5 Staphylococcus
E 5 2 3.5 Staphylococcus

Table 6. Microbial load of different honey samples and microorganisms isolated (Fungi)

Sample Replicate I Replicate 2 Mean Isolated microorganisms
A . - - NIL
B - - - NIL
C 1 1 1 Fusarium species
D 1 1 1 Fusarium species
E 2 1 1.5 Fusarium, Pennicillum

Correlation analysis carried out revealed that there was a positive correlation between the colour of these samples
of honey versus their pH (0.879), Phenols (0.850), percentage inhibition of DPPH radical (0.750), ash (0.622) and
flavonoids (0.157) but a negative correlation between colour versus reducing sugars (-0.707), bacterial counts (0.-252) and
fungi counts (-0.170) (Table 7). We obtained a positive correlation between the percentage inhibition of DPPH free radical
versus phenol (0.859) and flavonoids (0.621) while we obtained a negative correlation between bacterial load of the honey
samples versus pH (-0.448), ash (-0.443), phenol (-0.566) and flavonoid contents (-0.79). Similarly, we obtained a negative
correlation between the fungi loads of the samples versus pH (-0.097), ash (-0.371), phenol (-0.171) and flavonoids (-0.732)
(Table 7).

Table 7. Pearson correlation between the colour absorbance of honey versus its physico-chemical composition and
microbial quality.

pH Phenol | Inhibition | Flavonoids | Reducing sugars | Ash | Bacterial count | Fungi count
Colour | 0.879%* | 0.850%* | 0.769** 0.157 -0.707* 0.622 -0.252 -0.170
Inh 0.859** 0.621
BC | -0.448 | -0.566 -0.790** -0.441 -0.443
FC | -0.097 | -0.171 -0.732%* -0.783** -0.371

**Correlation is significant at 0.01 level; *Correlation is significant at 0.05 level: Inh = Percentage inhibition of DPPH free
radical. BC = Bacterial count; FC = Fungi count.

4. Discussion

The colour of the honey samples decreased in the order: E >A >B > C > D. Based on their absorbance at 560nm
and visual observation with a colour chart, samples E and A which had the darkest colours among the samples investigated,

could be classified under Amber while the rest of the honey samples could be classified under Light Amber.

Ash content is a reflection of the total inorganic minerals that are present in the sample. The ash contents of the
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honey samples ranged from 0.27 to 1.00(%) with honey A having the highest ash content (0.86+0.14%) while honey C had
the least (0.30+£0.03%) (Table 1). The percentage ash contents of all the studied honey samples were within the range of
0.02 to 1.03 that were reported by Anonn®) and Crane'® as the ash contents of honey.

The moisture content of honey is one of the criteria that determines its shelf life and ability to resist spoilage by
microbial fermentation. Thus the higher the moisture, the higher the probability that honey will ferment upon storage as it
may serve as a substrate for the growth of microorganisms. The United States gave the standard for water in natural honeys
(Table 3).The moisture contents of the five honey samples ranged from 15.66 to 19.35 (%) with honey E having the highest
moisture content (19.32+0.03%) while honey C had the least (15.67+0.01%) (Table 1). The values that were obtained for
moisture in these honey samples were within the range that was reported by USDA* (Table 3) and Codex
Alimentarius'*'>'® which is a good attribute for these honey samples.

The acidic pH of honey is a good attribute as it promotes healing by causing oxygen release from hemoglobin®. In
addition, this acidic pH of honey also prevents the growth of many species of bacteria. The pH of blossom honeys varies
between 3.3 to 4.6. An exception is the chestnut honey with a relatively high pH value of 5 to 6. Honeydew honeys tend to
have higher pH value because of their higher minerals, ranging from 4.5 to 6.5 °. Honey is a buffer, thus its pH does not
change by the addition of an acid or base. The values we obtained for pH in the studied honey samples (4.32 to 4.85) as
shown in Table 1, were consistent with the range of 4.31 - 6.0 that was reported for Nigerian honeys from other locations’,
but higher than the range of 3.2 and 4.5 that was reported by White*’. In addition, on the basis of their pH, the honey
samples could be classified as A = Honey dew; B = Honey dew; C = Blossom honey; D = Blossom Honey; E = Honey dew.

Phenolics are one of the most numerous group of compounds in plants ranging from simple molecules, such as
phenolic acids, to complex compounds, such as flavonoids, flavonols, proanthocyanidins. These phenolic compounds
which are derived from secondary metabolism of plants (Figure 1), have been reported to possess considerable antioxidant
and antibacterial activities?'. These activities are believed to be mainly due to their redox properties*, which play important
roles in adsorbing and neutralizing free radicals, quenching singlet and triplet oxygen, or decomposing peroxides. The
presence of these phenolic compounds is also believed to be responsible for the free radical scavenging activities of many
medicinal plants. Results obtained in Table 4 indicate that all the five samples of honey that were studied, contained
significant quantities of phenolic compounds, indicating possibilities of antioxidant potentials for the samples. In addition,
the values we obtained for these honey samples were higher than our previous reports in some honey samples from a
different location in South Eastern Nigeria®® and this shows that honey samples from different locations tend to have
different composition.

Flavonoids are the largest group of polyphenolic compounds in plants which are synthesized from the Shikimic
acid pathway™ (Figure 1). It has been recognized that flavonoids show antioxidant activity and their effects on human
nutrition and health are considerable. The mechanisms of action of flavonoids are through scavenging or chelating
process'”*!*". Flavonoids possess anti-inflammatory, anticancer and anti-carcinogenic activities. Honey has been reported to
contain flavonoids of approximately 2 mg/100g.” The larger amounts of flavonoids that we obtained for the five samples
investigated as shown in Table 4 compared with previous reports of Ferreres ef al.”® could be attributed to their floral source,
environmental factors and method of processing as these have been reported to affect the composition of honey*. The
amount of flavonoids that were obtained for the samples investigated indicate that they could possess some considerable
levels of biological properties against allergies, inflammation, cancer, etc.

The DPPH assay is a widely accepted method for the determination of the antioxidant activities of various food
substances. This is because, DPPH is a stable free radical in methanol or aqueous solution and accepts an electron or
hydrogen radical to turn into stable diamagnetic molecule, in addition to producing a strong absorption band at 517 nm in
the visible region of the electromagnetic radiation. As observed in Table 4, the scavenging activities of the five honey
samples analyzed and standard quercetin decreased in the following order: Honey E > Honey A > Honey B > Honey C >
Honey D > Quercetin. All the honey samples that were studied were observed to possess higher scavenging activities on
DPPH free radical than standard quercetin and this is a significant finding in this present study as it shows that these honey
samples could be utilized in the treatment of diseases that have free radical origin.

The main reducing sugars in honey are the monosaccharides-hexoses fructose and glucose, which are products of
the hydrolysis of the disaccharide sucrose'®. The reducing sugar contents of most of the honey samples that were studied fell
within the range that was reported by Codex (1994) except honey E.
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Figure 1. Biosynthesis of phenolic phytochemicals. Green colour = enzymes.
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The antibacterial property of honey A could be attributed to its low pH, large amounts of polyphenolic compounds,
reducing sugars as well as floral source. We assume that by synergistic interactions, they could confer high antibacterial
properties on this honey. Its worth noting that honey D that had lower pH than most of the honey samples studied as well as
high reducing sugar content, contained the largest amount of bacterial load. This could be attributed to its to its lower
amounts of polyphenols compared with other honey samples investigated. Moreover, its possible that the honey from this
source contained large amounts of catalase. Catalases act by breaking down the hydrogen peroxide (a high antibacterial
agent) that is produced by glucose oxidase in honey, thereby decreasing the antibacterial action of honey'* . Thus honey
samples with high catalase activities tend to have low antibacterial properties. Moreover, the species of bacteria that were
isolated from this honey sample could withstand the concentrated sugar and acidity of honey*.

The near or absolute sterile quality of samples A and B could be attributed to the possession of large amounts of
polyphenolic compounds, reducing sugars as well as their floral source. The microorganisms that were isolated in the honey
samples include some species of bacteria (Staphylococcus species) and fungi (Fusarium and Pennicilum species). Although
these organisms are potentially pathogenic, their counts (< 10cfu/ml) are quite too low to cause any deleterious effects.
These species of micro-organisms could withstand the concentrated sugar and acidity of honey*.

The significant correlation we obtained between the colour of honey samples versus their pH, phenols, sugars and
percentage inhibition of DPPH radical suggest to us that darker honeys may have higher pH, phenols, antioxidant activities
but lower amount of sugars than lighter honeys. This result could be valuable to those that utilize honey for various
therapeutic purposes as it could guide them in the classification of different samples of honey on the basis of their pH,
phenols, sugars and antioxidant activities.

Similarly, the significant correlation that was obtained between the percentage inhibition of DPPH free radical
versus the phenolic content shows that either could used in determining the antioxidant activities of different samples of
honey. Similar results of positive correlation between DPPH antioxidant activity and phenols have been previously
reported™.

Lastly, the significant correlation that we obtained between the flavonoid contents of the honey samples versus
microbial load and the reducing sugar contents of the honey samples versus fungi load suggest that the flavonoid contents of
honey may have more antimicrobial action than either the pH or phenolic contents of honey while the reducing sugar
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contents of honey may have higher anti-fungal action than either the flavonoid, pH or phenolic contents of honey. This
however is subject to further investigation and confirmation.

5. Conclusion

This study shows that the colour of honey could serve as a useful tool in classifying different honey samples on the
basis of their phenolic contents, reducing sugars, antioxidant activities and pH. In addition, the sterile quality of honey A
confers very high therapeutic/biological properties to it. Finally, these honey samples investigated could serve as natural
sources of antioxidants and could be utilized in the treatment of diseases that have free radical origin.

Acknowledgement

The authors of this manuscript wish to thank Mr Kolawole O of the Pathology/Microbiology Unit, National Root
Crops Research Institute, Umudike, Nigeria for the technical assistance he rendered in carrying out the microbial aspect of
this work.

References

1. Adebiyi FM, Akpan I, Obianjuwa EI, Olaniyi HB (2004).Chemical/ Physical characterization of Nigerian honey.
Pakistan J. Nutr., 3 (5): 278 — 81.

2. Al-Mamary M, Al-Meery A, Al-Habori M. Antioxidant activities and total phenolic of different types of honey.
Nutrition Research; 2002, 22: 1041-1047.

3. Anonn, Honey research: Honey-Health and therapeutic qualities, The National Honey Board, 2003
http://www.nhb.org/download/factsht/ compendium.pdf; 2003.

4. Anonn. Bee Honey. Natural Products. Almaleka; http://natural products.almaleka.com/bproducts/honey/h1.htm;2001-
2004.

5. AOAC. Official Methods of Analysis, 15th edn. Association of Official Analytical Chemists, Arlington, VA; 1990.

6. Barnett HL, Hunter D. Illustrated General of Imperfect Fungi. 4™ Edition Burgess Publishing Company, Minneapolis;
1987.

7. Biochrom Partners in Science. Cambridge, CB4 OFJ, UKPg 1-5. website: www.biochrom.co.uk.

8. Blois MS. Antioxidant determination by use of stable free radicals. Nature; 1985, 29:1199-1200.

9

1

. Bogdanov S. Characterization of antibacterial substances in honey, Lebensm Wissc Technol; 1983, 17;74-76.
0. Buchanan RE, Gibbon NE. Bergey’s Manual of Determinative Bacteriology. The Williams and Wikins Company,
Baltimore; 1975.

11. Chen L, Mehta A, Berenbaum, M, Zangerl AR, Engeseth NJ: Honeys from different floral sources as inhibitors of
enzymatic browning in fruit and vegetable homogenates. Journal of Agriculture and Food Chemistry; 2000, 48: 4997-
5000.

12. Chepulis L M, Starkey N J, Waas J R, Molan, P C. The effects of long-term honey, sucrose or sugar-free diets on
memory and anxiety in rats. Physiology & Behavior; 2009, 97 (3-4): 359-368.

13. Chick H, Shin H S, Ustunol, Z. Growth and acid production by lactic acid bacteria and bifidobacteria crown in skim
milk containing honey. Journal of Food Scienc; 2001, 66 (3): 478-481.

14. Codex Alimentarius. Codex Standard for Honey, FAO, Rome; 2001, Alinorm (1): 19-26.

15. Codex Alimentarius. Joint FAO/WHO Food Standard Programme. Codex Alimentarius, FAO, Rome; 1994, ond Edition,
Vol. 11 Pg 22.

16. Codex Alimentarius. Standard for Honey, Ref. Nr. CL 1993/14-SH, FAO and WHO, Rome; 1993.

17. Cook NC, Samman, S. Flavonoids- chemistry, metabolism, cardio protective effects, and dietary sources. Nutritional
Biochemistry; 1996, 7: 66 — 76.

18. Crane E. A Book of Honey. Oxford University Press, Oxford, U.K; 1980, p.198.

19. DONER, L W. The sugars of honey - a review. Journal of the Science of Food and Agriculture; 1977, 28: 443-456.

20. Eleazu CO, Amajor JU, Ikpeama Al, Obi V, Kolawole O. Extractable Sugars and Microbial Quality of 5 Honey
Samples From Umudike Farms and Different Locations In South Eastern Nigeria. International Journal of Biology,
Pharmacy and Allied Sciences; 2012 Vol 1(9) Pg 1270-1280.

21. Fang X, Cao W, Gao G. Effects of Premna microphylla Turcz root extraction on the proliferation of T lymphocyte in
test mice. J.Biol; 2004, 21: 33-34.

22. Fawole, M.O. and Oso, B.O. Laboratory Manual of Microbiology. Spectrum Books Ltd. Ibadan, Oyo State, Nigeria;
1988.

I[JBR (2013) 04 (01) www.ssjournals.com



http://www.ssjournals.com/
http://www.biochrom.co.uk/
http://natural/
http://www.nhb.org/download/factsht/

Eleazu et al 41

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.
33.

34.

35.

36.

37.

38.

39.

40.

41.

42.
43.

44,

45.
46.

47.

48.

49.

Ferreres F, Tomas-Barberan, FA, Soler C, Garcia-Viguera C, Ortiz A, Tomas- Lorente F(1994). Apidologie, 25(1): 21-
30.

Gheldof N., Wang X.-H., Engeseth, N.J. Identification and quantification of antioxidant components of honeys from
various floral sources. Journal of Agricultural and Food Chemistry; 2002, 50: 5870-5877.

Gheldof, N. and Engeseth, N.J. Antioxidant capacity of honeys from various floral sources based on the determination
of oxygen radical absorbance capacity and inhibition of in vitro lipoprotein oxidation in human serum samples. Journal
of Agricultural and Food Chemistry; 2002, 50: 3050-3055.

Harmonised Methods of the International Honey Commission (2002). Swiss Bee Research Centre. Pg 1-62.

Iurlina, M.O. and Fritz, R. Characterization of microorganisms in Argentinean honeys from different sources. Int. J.
Food Microbiol.,2005, 105: 297- 304.

James, O.0., Mesubil, M.A., Usman, L.A., Yeye, S.O., Ajanakul, K.O., Ogunniranl, K.O., Ajanin, O.0. and

Siyanbola, T.0.(2009). Physical characterization of some honey samples from North-Central Nigeria. Infernational
Journal of Physical Sciences Vol. 4 (9), pp. 464-470.

JOINT FAO/WHO CODEX ALIMENTARIUS COMMISSION Sixth session Geneva, 4-14 March 1969.

Kaur, C. and Kapoor, H. C. (2002). Antioxidant activity and total phenolic content of some Asian vegetables.
International Journal of Food Science and Technology, 37, 153-161.

Kessler, M., Ubeaud, G. and Jung L (2003) Anti- and pro-oxidant activity of rutin and quercetin derivatives. J. Pharm
and Pharmacol. 55: 131-142.

Lane, J.H. and L. Eynon (1923). J. Soc., Chem. Ind (42): 32.

Leveen, H.H., Falk, G. and Bore, K.B. (1973). Chemical acidification of wounds; an adjuvant to healing and the
unfavourable action of alkalinity by ammonia. Ann. Surg., 187: 745-53.

Meda, A., Lamien, C.E., Romito, M., Millogo, J., Nacoulma, O.G. (2005): Determination of the total phenolic,
flavonoid and proline contents in Burkina Fasan honey, as well as their radical scavenging activity. Food Chemistry, 91:
571-5717.

Moon, J.K. and Shibamoto, T. Antioxidant assays for plant and food components. Journal of Agricultural and Food

Chemistry; 2009, 57, 1655-1666.

Omafuvbe, B.O. and Akanbi, O.0. Microbiological and physico-chemical properties of some commercial Nigerian
honey. African Journal of Microbiology Research; 2009, Vol. 3(12) pp. 891-896.

Pourmorad, F., Hosseinimehr, S.J., Shahabimajd, N. Antioxidant activity, phenols, flavanoid contents of selected
Iranian medicinal plants. S. Afr: J. Biotechnol; 2006, 5: 1142-1145.

Ramirez-Cervantes, M.A., Gonzales-Novelo, S.A. and Sauri-Duch, E. (2000). Effect of the temporary thermic
treatment of honey on variation of the quality of the same during storage. Apiacta, 35: 162 -170.

Rupasinghe, H.P.V. The role of polyphenols in quality, postharvest handling and processing of fruits. Ed: Paliyath, G,
Lurrie, S, Murr, D. Handa A. Post Harvest Biology and Technology of Fruits, Vegetables and Flowers; 2008. Wiley-
Blackwell Publishers Pg 260-281.

Shree Dhawale, Arlis Lamaster. Microbiological Laboratory Manual IndianaUniversity Purdue University FortWayne,
2003 Pg 12.

Singleton VL, Rossi JA. Colorimetry of total phenolics with phosphomolybdic—phosphotungstic acid reagents. Am. J.
Enol. Vitic; 1965, 16: 144-158.

Snowdon JA, Cliver DO. Review article: Microorganisms in honey, Int.J. Food Microbiol; 1996 31, Pg 1- 26.

The National Honey Board (2003): Honey-Health and therapeutic qualities. 390 Lashley Street Longmont. Available at
www.nhb.org

Turkmen N, Sari F, Poyarazoglu ES, Velioglu YS: Effects of prolonged heating on antioxidant activity and colour of
honey. Food Chemistry; 2005, 95: 653-657.

USDA .United States Standards for Grades of Extracted Honey; 1985. Pg 1-14.

USDA, Nutrient Data Laboratory. Available: http://www.ars.usda.gov/main/site main.htm?modecode=12-35-45-00
(2009). (4 January 2011); 2009.

White, J.W. Physical characteristics of honey. In: Crane E (ed) Honey, A Comprehensive Survey, Hienemann, London,
Uk; 1975, pp. 207-39.

Yao L, Datta N, Tomas-Barberan FA, Ferreres F, Martos I, Singanusong R: Flavonoids, phenolic acids and abscissic
acid in Australian and New Zealand Leptospermum honeys. Food Chemistry; 2003, 81: 159-168.

Zheng W, Wang SY. Antioxidant activity and phenolic compounds in selected herbs. J. Agric. Food Chem; 2001, 49:
5165-5170.

I[JBR (2013) 04 (01) www.ssjournals.com



http://www.ssjournals.com/
http://www.nhb.org/

