Advances in Infectious Diseases, 2012, 2, 25-36 ‘o::‘ Scientific
http://dx.doi.org/10.4236/aid.2012.22005 Published Online June 2012 (http://www.SciRP.org/journal/aid) #%% Research

Anti-Microbial and Physico-Chemical Properties of
Processed and Raw Honeys of Mauritius

Mohammad Shafiiq Kinoo', Mohamad Fawzi Mahomoodally**, Daneshwar Puchooa’

'Department of Agriculture and Food Science, Faculty of Agriculture, University of Mauritius, Reduit, Mauritius; “Department of
Health Sciences, Faculty of Science, University of Mauritius, Reduit, Mauritius.
Email: *f.mahomoodally@uom.ac.mu

Received March 8™, 2012; revised April 1%, 2012; accepted May 5™, 2012

ABSTRACT

Among the panoply of food products used in treatment of various ailments, honey has been used since prehistoric times
as an effective antimicrobial therapy. Being first of its kind, honeys with specific botanical origin from Mauritius were
examined. In this study, three commercially processed-enhanced v/s three unprocessed honeys were evaluated for pos-
sible antimicrobial activities against clinical bacterial (Enterococcus faecalis (ATCC 29212), Staphylococcus aureus
(ATCC 29213), Escherichia coli (ATCC 25922), Pseudomonas aeroguinosa (ATCC 27853)) and fungal (Aspergillus
niger (ATCC 16404) and Candida albicans (ATCC 10231)) isolates in vitro. Research findings showed that the respec-
tive physicochemical parameters of the samples ranged from; pH: 3.28 - 4.67, H,O: 17.63% - 24.87%, reducing sugar
42.95 - 60.31 g/100g, density 1.11 - 1.55 g/ml and viscosity: 1.85 - 26.24 Pa-s at 20°C. Physicochemical parameters of
different honeys were observed to vary significantly with respect to their floral origin (P < 0.05). After initial screening
of the honeys tested at 100% (without dilution), minimum inhibitory concentration were established at three graded
concentrations of 50%, 25% and 12.5% respectively. Promising results were observed against all clinical isolates evalu-
ated; with inhibition zones ranging from 6 £ 0.00 to 20 + 0.01 mm for undiluted honey samples compared to standard
ampicillin from 14 £ 1.00 to 17 + 3.06. The fungus used was found to be more resistant to the honeys than the bacteria.
However, both processed and raw honeys were observed to possess highly significant antibacterial and antifungal prop-
erties (P < 0.05). The honey samples used in this study can be considered as valuable food products from their antim-
icrobial properties’ point of view and can have clinical potential.
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1. Introduction medicines as primary health care, as an alternative and
complementary medicines [3]. The relationship between
diet and health has been reckoned worldwide and this has
led to effervescence for food products that shore up
health beyond simply providing basic nutrition. Concur-
rently, 50% of natural products and their derivatives in-
cluding antibiotics represent all drugs in clinical use
round the globe [4]. The resistance of antibiotics against
pathogens have triggered research scientists to venture
for substitute curatives. It is indeed of paramount impor-
tance to unveil new therapies directed at novel targets as
budding to alternatives to antibiotics as well as validation
of traditional remedies [5]. Plethora of studies has
emerged towards natural products in addressing the
dearth and limitations of current therapies.

One natural food product which has gained great mo-
mentum is honey. Researchers round the globe have
“Author Disclosure Statement: All the authors report no conflicts of worked both In, VItrp and in V!VO to spark the unknown
interest. In addition, no competing financial interests exist. benefits of the inestimable attributes of honey as well as
#Corresponding author. its applications [6-9].

Eminent officialdom like WHO (World Health Organisa-
tion) recently reveals that the prominent effect of antim-
icrobial resistance versus control of infectious diseases is
a serious challenge to be addressed [1]. The result of
such a natural response by the minute organisms has the
potential to succumb or even bring progress to a stand-
still. European countries, benchmarked, considered as
well regulated health systems are already witnessing an
increase in specific pathogenic resistance. Developing
countries like Mauritius are definitely not spared amidst
these tycoons. The cumulative fracture twisted and
forged during the past decades urge for the development
of new antibiotics for surfeit of reasons including treat-
ment of chronic infections [2]. The WHO estimates that
70% - 80% of the world population relies on traditional
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Among the oldest book, 1432 years ago the Holy
Quran clearly defines honey in a simple and understand-
able language. It was already mentioned it this Holy
book that, “And thy LORD taught the bee to build its
cells in hills, on tree and in men’s habitations, then to eat
of all the produce of the earth and find with skill the spa-
cious path of its LORD, there issues from within their
bodies a drink of varying colours, wherein is a healing
for men, verily in this a sign for those who give thought”.
Blessed by these varying colourful colloids, it has set
templates since prehistoric times and is still being ex-
ploited for its tremendous benefits and has been used in
folk medicine since ancient times. In the modern era, the
different biological, chemical and physical properties of
honey have revealed several beneficial claims through
different techniques. The multi facet properties of honey
anchored in the scientific world is regarded as a sweet-
ener, functional food, antioxidant, antimicrobial, antisep-
tic, pre-biotics, pro-biotics, immunomodulatory, anti-
inflammatory, anti-tumour and anti cancer effect amongst
others [5,10-12]. Above and beyond its therapeutic ef-
fects or medicinal attributes [4,13], it is also of potential
use as bio indicators for environmental contamination
[14]. The colour of honey can vary from nearly colour-
less to dark brown and its consistency can be fluid, vis-
cous or partly to entirely crystallised. The botanical
spectrum or the nectar source visited by the honey bees
leads to variation in colours, flavours and aroma [15].

The Republic of Mauritius, being a volcanic island
with temperate tropical climate, along with its agglomer-
ate sugar cane plantation, has a large floral biodiversity
with many unique plants indigenous to the region. Paral-
lel with the colourful vegetation round the island, it of-
fers a variety of honeys which varies from colour, aroma,
flavour as well as unique quality attributes resulting from
different nectar origins. The main tree species are Schinus
terebentifolius, Eucalyptus tereticornis, and Tamarindus
indica and backyard flowers and vegetable crops. Honey
is produced from these plants and sold commercially
throughout the island. Beekeeping is regarded as a tradi-
tional practice by some apiarists whilst others as small
entrepreneurship both generating a lucrative source of
revenue. Mauritius is still not self-sufficient in honey
production due to constraints like cyclone, droughts and
also due to loss of interest by apiarists. As a result, Mau-
ritius import natural honey from different countries like
Australia, Egypt, India, France, Madagascar, United king-
dom, Pakistan, China, Germany, South Africa, U.S.A,
New Zealand and Spain [16]. On the other hand, recent
report published by Belmin reported that around 24 tons
of honey from Rodrigues is exported annually to Mauri-
tius which is nearly half of its local production [17]. Rod-
rigues honey is also recognised for its unique organolep-
tic attributes especially the Eucalyptus tereticornis.
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The multifarious composition of honey kept on fasci-
nating researchers around the world to unveil its re-
markable attributes and health benefits. Since the com-
position of honey varies with the floral species of origin,
local climate, and approach procedures used for harvest-
ing and storage, therefore Mauritian honeys can be ex-
pected to be unique. Though honey has been documented
to possess therapeutics potential worldwide, none of the
studies have evaluated the antimicrobial activity and
possible use as medical grade for Mauritian honeys.

The present study was, therefore, to investigate the an-
timicrobial potential and physico-chemical properties of
three honeys from indigenous and exotic plants grown in
the Republic of Mauritius, including one from Rodrigues
Island. Additionally, three commercially processed hon-
eys were studied in an endeavour to compare results.

2. Materials and Methods
2.1. Sampling

All honey samples sourced were mainly from the Repub-
lic of Mauritius, including Rodrigues Island. Sufficient
samples were collected such that all experiments during
the study were performed with same sample batch. Three
varieties of a leading local brand were purchased from a
commercial source (Product specifications were recorded
for identification). The remaining three samples were
pure fresh honey obtained directly from specific bee-
keepers. After collection, honey samples were stored in
air tight glass jars at ambient temperature (20°C - 25°C)
in the dark for analysis. The six different honey samples
used were each unique in its own for they were from dif-
ferent floral origin. The commercially used honey was of
unknown floral origin since it was not specified. For in-
stance, the commercial honey is usually obtained from
various local beekeepers and blended together for pre-
treatment and processing prior to bottling for distribution.
For this reason, the commercially used honey was as-
sumed to be multifloral. The unifloral natural raw honeys
used were: Wild pepper, Litchi and Eucalyptus. The
specification and source of honey used are illustrated in
Table 1.

2.2. Preparation of Honey Samples

Samples were prepared according to Association of Offi-
cial Analytical Chemists (AOAC) standard [18]. Honey
samples used were free from granulation, suspended sol-
ids and from any form of crystallisation. The samples
were thoroughly mixed using a clean sterile glass rod to
ensure homogeneity prior to use.

2.2.1. Determination of Viscosity
The Rheology of honey sample was determined as de-
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scribed by Tavakolipur & Ashtari with some amendments
[19]. About 200 ml of each honey samples were used for
measurement. Brookfield Synchro-lectric Viscometer
(Model RVT, Britain) was used for viscosity measure-
ment within temperature range 20°C - 45°C at 5°C inter-
vals. A water bath—Grant (Model W28, England)—was
used to raise the sample’s temperature and ice packs were
used for temperature lowering. Viscosity was measured
within seconds to ensure accuracy of results. Temperature
was measured using a digital thermometer—HANNA
(Model H193510, Romania). Samples were pre-heated at
55°C for 1 hr prior to viscosity determination to prevent
formation of air bubbles and crystals. All experiments
were performed in duplicates and apparatus was operated
according to manufacturer instructions (Manual No.
M/85-150-N898). Viscosity was calculated according to
the table factor finder instruction using spindle number
and its speed (RPM) of rotation.

The following formula below was used to calculate
viscosity in Pa-s:

Viscosity (Pa-s)
_ Reading on viscometer scale x Factor finder
1000

2.2.2. Determination of Colour

Optical density measurement was used for colour classi-
fication. The procedure used was adapted from Gidamis
et al. [20] and Kumar & Mandal [21]. Honey samples
were heated in a water bath at 50°C to dissolve any fine
crystals and filtered to remove any coarse particles which
may affect the measurement. Samples were allowed to
cool at ambient temperature and homogenised using a
glass rod before measurement. Milton Roy, spectronic,
1001 plus spectrometer (USA) was used to measure ab-
sorbance at ODsgpm and blank with deionised water.
Absorbance values obtain was compared with standard
USDA [22] colour classification for honey as shown in
Table 2.

2.2.3. Determination of Honey Density

Density was obtained by the mass to volume ratio rela-
tionship. By the use of a dropper, exactly 1 ml of sample
was introduced in a 5 ml measuring cylinder. The mass
was then measured using an electronic balance—Adam
(Model PW254, UK). The density of different sample
was calculated from the following equation:

Density
[(Mass of honey + cylinder) - (Mass of cylinder)]

Volume of honey

2.2.4. Determination of Reducing Sugars

Lane and Eynon method was used with some minor
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Table 1. Specification of honey samples.

Melliferous plant

- Source
Scientific Name

Honey Sample

Pure Honey -
Honey & glucose - Commercially Processed

Honey & lemon -

Wild Pepper  Schinus terebinthilolius Roche-Noire, Mauritius
Litchi Litchi chinensis Quatre-Bornes, Mauritius
Eucalyptus Eucalyptus tereticornis Baie-Topaz, Rodrigues

Island

Note: All honeys used Processed and Raw, originated from the Republic of
Mauritius.

Table 2. Classification of samples based on colour.

Color names” Mid-range absorbance at 560 nm

Water white 0.0945
Extra white 0.189
White 0.378
Extra light amber 0.595
Light amber 1.389
Amber 3.008
Dark amber >3.1

"As per USDA, 1985.

modifications [23]. Approximately 3 g of honey was
weighed using an electronic balance—Adam (Model PW
254, UK)—and was mixed with 50 ml distilled water.
The pH value of the sample was adjusted to approxi-
mately 7 with aqueous NaOH solution to prevent inver-
sion reaction during boiling. The honey solution was
made up to the mark in a 250 ml-volumetric flask with
distilled water and transferred to a 50 ml-burette. About
15 ml of honey solution was run into a 250 ml-conical
flask with anti-bumping granules. 30 ml of Fehling’s
solution was prepared by mixing equal volumes of Feh-
ling’s 1 and Fehling’s 2 solutions into a 50 ml-beaker. 25
ml of the Fehling’s solution was transferred to the coni-
cal flask and the mixture was boiled for about 15 sec
prior to addition of 3 drops of 1% aqueous methylene
blue indicator. The honey solution was added rapidly
dropwise until the blue colour was discharged and a brick
red colour was obtained. Two accurate titrations were
performed using 1 ml less of the rough titre value of
honey solution prior to boiling for 2 min and addition of
methylene blue indicator. Then the mean titre value and
the percentage reducing sugars were calculated and re-
ported to two decimal places.
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2.2.5. Determination of pH

The procedure describes by AOAC (962.19:1990) was
used for pH determination [18]. The pH of honey sam-
ples was measured using a pH meter—Mettler Toledo
(Model MP220, Switzerland). 10 g of honey was dis-
solved in 75 ml cooled boiled distilled water (CO,-free)
using a glass rod. Duplicate measurements on two sepa-
rate test portions from the same sample were used. The
mean value was then calculated.

2.2.6. Determination of Moisture Content

A hand refractometer model ATAGO HONEY (Japan)
with the ranges 12% - 26% was used. The prism was
carefully washed with distilled water and dried with soft
tissue paper. A drop of honey sample was directly
smeared on the prism and water content (%) was noted.

2.2.7. Determination of Total Soluble Solids

Total soluble solids were determined as described by ISO
2173:2003 [24]. Eleptron hand refractometer (Model
RR32, Germany) with ranges of 50°Brix - 85°Brix, was
first standardised. The prism was then washed with dis-
tilled water and dried off with a soft tissue. A drop of
honey sample was placed on the refractometer prism and
the reading was noted. The Brix of the sample was then
calculated and temperature correction applied.

2.3. Microbiological Assays

2.3.1. Clinical Isolates Used

Culti-loops (Remel) of microorganisms were obtained
from the Bacteriology Section of the Central Laboratory
Candos, Victoria Hospital and stored at 4°C. The test
organisms used for the screening of antimicrobial activity
were: gram positive bacteria; Enterococcus faecalis
(ATCC 29212), Staphylococcus aureus (ATCC 29213),
gram negative bacteria; Escherichia coli (ATCC 25922),
Pseudomonas aeroguinosa (ATCC 27853) and fungus:
Aspergillus niger (ATCC 16404) and Candida albicans
(ATCC 10231). Growth of the micro-organisms were
inoculated aseptically in nutrient broth (Himmedia) and
incubated at 37°C, except for Aspergillus niger for 48 hr
at 25°C.

2.3.2. Well Diffusion Assay

A screening assay using well diffusion was adapted from
Sherlock et al. [25] and Agbagwa and Peterside [26].
About 200 pl of organisms adjusted to 0.5 Mc Farland in
sterile Nutrient broth was applied to the centre of the
agar. Mueller Hington agar plates (Oxoid) was used for
the bacterial suspensions and Potato Dextrose Agar
(Oxoid) for the fungus. Dry Sterile cotton swabs were
used to spread the inoculums over the surface of the set
agar plate (90 mm Petri-dishes). After inoculation, 6 mm
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diameter wells were cut into the surface of the agar using
a sterile cork borer. Ten micro-litres of test honey were
added to each well. Well were sufficiently spaced to
avoid over-lapping of results. Plates were incubated at
37°C for 24 hr except for Aspergillus niger, plates were
incubated at 25°C. A10 pl of 10 pg/ml of ampicillin
(Sigma) was used as positive control and sterile distilled
water as negative control. The diameter of zones of inhi-
bition including that of the well was measured using a
ruler (mm). Each assay was carried out in triplicate.

2.3.3. Disc Diffusion Assay

Disc diffusion assay was determined by a slight modifi-
cation used by Ansari and Alexender [27]. 200 pl of mi-
cro-organisms adjusted to 0.5 Mc Farland in sterile Nu-
trient broth was innoculated on agar plates (90 mm) us-
ing sterile cotton swabs. 6 mm disc (made from Whatman
nr 1) sufficiently spaced to prevent over-lapping of re-
sults were placed. 10 pl of honey samples was introduced
directly on the disc after it was placed on respective agar.
10 pg standard ampicillin disc (Oxoid) was used as posi-
tive control and 10 pl of sterile distilled water was used
as negative control. The diameter of zones of inhibition
including that of the disc was measured using a ruler
(mm). Each assay was determined in triplicate.

2.3.4. MIC Determination

The minimum inhibitory concentration (MIC) was de-
termined according to Basson and Grobler [28] and Ma-
homoodally et al. [29] with some minor modifications.
Two fold dilutions of the stock honeys (100%) sample
were aseptically prepared in sterile distilled water using a
carry-over technique to give a final volume of 5Sml in
each tube. Dilution was repeated to obtain graded con-
centration 50%, 25% and 12.5% v/v. Each dilution was
carried out afresh prior to the determination. The samples
least concentration at which the test samples shows effect
was noted to the nearest (mm).Triplicates of the assay
was established and the mean MIC was calculated.

2.3.5. Statistical Analysis

All analysis were performed in triplicate and data was
expressed as mean standard deviation (%). Differences
between the activities of the honeys as measured by the
zones of inhibition were analysed using one-way analysis
of variance (ANOVA) and P < 0.05 was considered sta-
tistically significant.

3. Results

3.1. Physical Characteristics of the Selected
Honeys

With increase in temperature, it was observed that the
viscosity of the honey samples tend to decrease as shown
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in Figure 1. However, the rate of decrease in viscosity
by the different honey samples upon temperature is high
with the exception of the sample honey and lemon.
Honey and lemon sample was less affected by tempera-
ture. At 20°C honey and glucose was more viscous 26.24
+ 0.23 Pa-s, followed by pure honey 18.56 + 0.20 Pa-s,
litchis honey 15.50 £+ 0.71, eucalyptus 13.00 = 0.14, wild
pepper 12.85 + 0.21 Pa‘'s and honey and lemon 1.85 +
0.04 Pa-s. For instance, at 45°C, ranging from more vis-
cous to less, honey and glucose viscosity was 4.00 + 0.14
Pa-s, pure honey 1.75 + 0.07 Pa-s, litchis honey 0.75 +
0.07 Pa-s, eucalyptus 1.45 £ 0.07 Pa-s, wild pepper 0.96
+0.10 Pa-s and honey and lemon 0.31 + 0.02.

3.1.1. Colour Assessment
The commercial honeys were darker than the pure hon-

3.2. Chemical Characteristics of the Selected
Honeys

3.2.1. pH Profile of the Honey Samples

Commercial honey with lemon had the lowest pH of 3.28
+ (.05 than all the other honeys. Litchis honey was found
to be more acidic than the three other natural honeys as
depicted in Table 4.

3.2.2. Moisture Content and Total Soluble Solids

The water content of the commercial honey significantly
differed from each other with commercial honey and
lemon having the highest moisture content (24.87 + 0.12).
At P < 0.05 all the samples showed significant difference

Table 3. Colour classification according to USDA.

eys. Based on the USDA colour class1ﬁcat19n [22], all Sample code Honey Samples Alg;))rbance Colour Name
the commercial honeys analysed were light amber (ODs60nm)

whereas raw honeys white. The absorbances of the dif- S1 Pure honey 1.20 £ 0.03 Light amber
ferent honey samples were measured at 560 nm to deter-

' - - s ' - S3 Honeyand 65,001 Light amb
mine their colour intensities. The colour intensity of S1 > lemon : : 1ght amber
S3 > S2 >S5 >S4 > S6 are depicted in Table 3. Honey with

S2 Y 0.78 £0.01 Light amber
glucose
3.1.2. Densﬂy . . o Eucalyptus 0362 001 whi
The commercial honey with glucose had the highest den- honey : : ite
sity (1.55 £ 0.12) while commercial honey labelled as '

: s4 Wild pepper 571 0,01 Whi
pure honey had the lowest density (1.11 + 0.02). The honey : : ite
densities of all the honey samples were more or less-

.. . . .y P S6 Litchis honey 0.22+0.01 White
similar as illustrated in Figure 2.
35.00
30.00
25.00 "
\'
@ @ Pure honey
£ 20.00
:>: %\ \ B Honey & glucose
g7
[}
-E 15.00 A Honey & lemon
=) \\ X Wild pepper
10.00 O Litchi
\\ ® Eucalyptus
5.00 \'
0.00
0 10 20 40 50

Temperature 'C

Figure 1. Viscosity of samples at different temperature.
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Figure 2. Density of selected honey samples.

except honey with glucose (processed) and Eucalyptus
(raw) tested at LSD (Least Significant Difference) value
0.32 which were similar.

Honey with glucose (82.17 + 0.29) contained the
highest total soluble solids with honey and lemon (75.50
+ 0.00) being the least. AT P < 0.05, pure honey (proc-
essed) and Eucalyptus honey (raw) were similar in terms
of total soluble solids at LSD value 0.42. Moreover, Wild
pepper and Litchis honey, both raw were found to be
similar. All the other honey samples showed significant
difference at P < 0.05.

3.2.3. Reducing Sugar Content of the Samples

The reducing sugar content of all the honeys was high
and significantly different from each other at P < 0.05
wit LSD value of 0.10. Litchis honey (S6) had the high-
est % reducing sugar content (60.31 + 0.73) and least
reducing sugar was 42.95 £ 0.39 in honey and lemon. All
samples were distinct in terms of their reducing sugar
content as shown in Figure 3.

3.2.4. Antimicrobial Bio-Assay

Results tabulated in Table 5 show interesting zone of
inhibition except for fungi, no activity was observed us-
ing commercial pure honey with glucose and Standard
ampicillin (Std*) at any concentration. However, raw
honeys showed to be dominant in inhibiting growth of
both bacteria and fungus at the same concentration used.
Enteroccocus faecalis was observed to be most sensitive
to the honeys used since zones of inhibition recorded
ranges almost the same from 14 mm to 17 mm where no
significant difference was observed among the honeys
tested at (P < 0.05). Wild pepper honey had the greatest
zone of inhibiton of 18 + 0.58 mm on Staphyloccocus
aureus and Commercial honey labelled as honey and
lemon had the least zone of inhibition on the fungus As-
pergillus niger at 6 + 0.00 mm.
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Table 4. pH of selected honeys.

Selected Honey pH (n=3)
Commercial honey labelled as pure honey 447+0.42
Commercial honey labelled as honey with glucose 4.64£0.59
Commercial honey labelled as honey and lemon 3.28+0.05
Wild pepper honey 4.67+0.29
Eucalyptus honey 4.42+0.20
Litchis honey 420+0.21

During screening using stock honey sample (100%), the
entire honey sample tested against Enterococcus faecalis
were not significantly different at (P < 0.05) except li-
tchis honey. All the bacteria showed inhibitory effect at
100% except the fungi Aspergillus niger and Candida
albicans which had no effect or little effect using the
commercial pure and glucose enriched honeys. It can be
concluded that honey sample S3, S4, S5 and S6 were
more sensitive in inhibition of the fungi compared to no
activity with the standard ampicillin (Std®). Unlike the
action of ampicillin, honeys showed to inhibit fungus. The
greatest zone of inhibition was observed on Pseudomo-
nas aeroginosa at 20 = 1.00 mm with Eucalyptus honey
and least on Candida albicans at 7 £ 0.00 mm with com-
mercial honey with glucose as shown in Table 6.

The minimum inhibitory concentration of different
honey samples are tabulated in Table 7. The inhibitory
concentration ranges from 100% - 25%, with the latter be-
ing the least. For Pseudomonas aeroguinosa, treatment
with litchi sample, the minimum inhibitory concentration
(MIC) observed for the disc diffusion was at 100%
whereas for the well diffusion it was 25%. Similarly,
Wild pepper honey applied to Enterococcus faecalis and
Staphylococcus aureus showed MIC of 100% in disc dif-
fusion test compared to 50% from the well. However,
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Figure 3. Reducing sugar content of selected honeys. Note: S1: Commercial honey labelled as pure honey; S2: Commercial
honey labelled as honey with glucose; S3: Commercial honey labelled as honey and lemon; S4: Wild pepper honey; S5:
Eucalyptus honey; S6: Litchis honey; n = 3, Least Significant Difference (LSD) = 0.10, tested at 5 % (a # b # ¢ # d # e); Values
are reported as mean = SD.

Table 5. Mean zones of inhibition for Disc diffusion in mm (100% Honey).

Zone of inhibition in mm (Disc Diffusion)

LSD P <0.05
Isolates Std® S1 s2 3 S4 S5 S6
EF 17+3.06 15+0.58 16+ 0.00 14+0.58 16 £ 0.00 16 £ 1.00 17+0.58 NS
EC 15+1.00° 17 £ 0.00° 9+0.58° 15 £0.00° 15+1.15° 17+1.15° 17 £0.58° 1
SA 14 +1.00° 11£2.08° 8 +0.58¢ 9+ 1.00¢ 18 +0.58° 10 +1.53% 11£0.58° 2
PA 16+ 1.53® 18 + 1.00° 15+1.15° 14 +0.58° 15+1.15° 16 +0.58% 11+1.53° 2
AN - - - 6+0.00° 7 +0.00® 8+ 1.15° 7+0.00™ 1
CA - - - 12+0.58° 8 +0.58° 11+1.15% 9+ 1.00* 2

Note: EF: Enteroccocus faecalis, EC: Escherichia coli, SA: Staphylococcus aureus, PA: Pseudomonas aeroginosa, AN: Aspergillus niger, CA: Candida
albicans. S1: Commercial honey labelled as pure honey; S2: Commercial honey labelled as honey with glucose; S3: Commercial honey labelled as honey and
lemon; S4: Wild pepper honey; S5: Eucalyptus honey; S6: Litchis honey. Std*: 10 pg standard ampicillin disc (Oxoid). Different letter superscript between
columns means significantly different (a # b # ¢ # d). No. of replicates (n) = 3 for each honey samples; Least Significant Difference (LSD); No results were
obtained for blank cells; Values are given as mean + SD [Diameter including 6 mm disc]; NS: Not Significant.

Eucalyptus honey activity on Enterococcus faecalis us- conclude that the well diffusion method is much better
ing the disc diffusion test showed 25% MIC compared to  than the disc diffusing one.

50% on the well diffusion which can be regarded as be-
ing an exception. The minimum concentration that pre-
vents growth of the inoculum of E. faecalis, E. coli, P.  Important parameters were investigated in the different
aeroginosa and C. albicans were 25% while that of S. honey samples in the present study. As a first step to es-
aureus and A. niger were 50%. One average, this can tablish data on the viscosity for Republic of Mauritius’

4. Discussion

Copyright © 2012 SciRes. AID
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Table 6. Mean zones of inhibition for well diffusion in mm (100% Honey).

Zone of inhibition in mm (Well Diffusion)

LSD P < 0.05
Isolates Std* S1 S2 S3 S4 S5 S6

EF 16 +0.58° 17 £1.15% 17 +1.00% 17 +0.58% 18 £ 1.53% 18 +0.00® 19 £0.58° 2

EC 16 +0.58" 14+ 1.41¢ 13 +0.58¢ 15+0.58" 16 +0.58% 17+0.58° 17 +0.00° 1

SA 16 + 0.00" 13+ 1.53 11+153 17 + 1.00° 18+ 0.58" 16+0.5° 16 + 1.00° 2

PA 17 £0.00° 18 £ 1.00® 7+0.58¢ 16 +2.08" 14 +0.58° 20 £ 1.00° 18 £ 1.53% 2

AN - - - 9+0.00™ 15+0.58° 12 +3.00® 8 +£2.08° 3

CA - - 7+0.00 14+1.53 11+0.58 10£0.58 10+0.58 NS

Note: EF: Enteroccocus faecalis; EC: Escherichia coli; SA: Staphylococcus aureus; PA: Pseudomonas aeroginosa; AN: Aspergillus niger; CA: Candida
albicans; S1: Commercial honey labelled as pure honey; S2: Commercial honey labelled as honey with glucose; S3: Commercial honey labelled as honey and
lemon; S4: Wild pepper honey; S5: Eucalyptus honey; S6: Litchis honey; Std*: 10 pg/10 pl standard ampicillin (Sigma); NS: Not Significant; Different letter
superscript between columns means significantly different (a # b # ¢ # d); No. of replicates (n) = 3 for each honey samples; Least Significant Difference (LSD);
No results were obtained for blank cells; Values are given as mean + SD [Diameter including 6 mm well].

Table 7. Minimum inhibitory concentration (%) v/v of different honeys on isolates.

S1 S2 S3 S4 S5 Sé6
Isolates

DD WD DD WD DD WD DD WD DD WD DD WD
EF 100 100 50 50 50 50 50 50 25 50 25 50
EC 50 50 100 50 50 50 100 50 100 50 50 25
SA 100 100 100 50 100 50 100 50 100 50 100 50
PA 100 100 50 100 25 50 50 50 50 25 100 25
AN - - - - 50 50 50 50 50 50 50 50
CA - - - 100 25 25 50 100 50 50 50 100

Note: DD: Disc Diffusion; WD: Well Diffusion; EF: Enteroccocus faecalis; EC: Escherichia coli; SA: Staphylococcus aureus; PA: Pseudomonas aeroginosa;
AN: Aspergillus niger; CA: Candida albicans. S1: Commercial honey labelled as pure honey; S2: Commercial honey labelled as honey with glucose; S3:
Commercial honey labelled as honey and lemon; S4: Wild pepper honey; S5: Eucalyptus honey; S6: Litchis honey. Negative control (Sterile distilled water)

showed no effect on the respective micro-organisms.

honeys, values obtained ranges (26.24 + 0.23) — (0.31 +
0.02) Pa.s at 20°C - 45°C. However, different in depth
research conducted have revealed that Honey have dif-
ferent flow behaviour. For instance, Indian honey evalu-
ated at temperature 10°C and 30°C with viscosities rang-
ing 1.31 - 96.7 Pa.s showed newtonian behaviour [21].
Therefore, the Mauritian honeys addressed were not as
viscous as that of the Indian honey. Unlikely the investi-
gation of several types of German honeys revealed non-
newtonian behavior [30]. Furthermore, a research con-
ducted by Gomez-Diaz et al. observed pseudoplastic
behaviour at low shear rate values [31]. However, the
present study revealed that viscosity of honey is highly
dependent on the botanical and geographical origin.
Besides the influence of major content like proline and
phenol, colour pigment is also significant to antioxidant
activity of honey [32]. The colour intensity of honey also
reflects phenolic content and correlation to its antioxidant
capacity [33]. For instance, Tualang honey from Malay-
sia had good colour intensity with high phenolic contents

Copyright © 2012 SciRes.

[33]. From this present study, the commercially locally
available honeys were found to be darker than raw honey
investigated. However, the presence of amino acids acts
as precursor for colour as well as aroma compounds.
Commercial honey is normally blended honey subjected
to pasteurisation to eliminate nuclei of sugar crystals to
lower crystallisation and to increase fluidity for ease of
manipulation in terms of flow characteristic. During
production, processing and storage of honey; thermal or
enzymatic reaction occurs. Such process leads to Mail-
lard reaction and formation of intermediates compounds.
Intermediates compounds formed are Amadori com-
pound (1-amino-1-deoxyketose) and Heyns compound
(2-amino-2-deoxyaldose). As a result there is a change in
colour intensity (darkening), flavour and other properties
[34]. Hence these can account for the darker colour in-
tensity of the commercial honeys rather than high pheno-
lic content.

Individual honey is distinct from its water-soluble an-
tioxidants they contain. Darker coloured honey has
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shown to have higher antioxidant activity. A millilitre of
[llinois buckwheat honey was found to contain 20 times
the antioxidant activity in the same quantity of one of the
lightest coloured California sage honey [35]. Ranging in
order of decreasing optical density (OD) at 560 nm; pure
honey 1.20, honey and lemon 0.85, honey and glucose
0.78, wild pepper honey 0.27, eucalyptus honey 0.36 and

litchis honey 0.22 were obtained during this investigation.

The honeys analysed were white and light amber. The
nectar honey were the one recorded as white which is the
same as reported by Finola et al. [36]. As depicted in
Table 8 the total soluble solids of the pure commercial
honey were 81.33°Brix compared to the maximum of
82.17°Brix in honey and glucose sample. Unlike Shibe-
Dodoma honey, it was re- ported that the highest colour
measured at OD 460 nm correlates to the highest sus-
pended colloid present among other sample [20]. Colour
spectrum emanating from honey is due to derivatives of
nectar source [37].

Colour grading has been used by the honey industry
for many years. Metamorphose by the panoply of floral
nectarines; honey reveals an array of shades almost from
colourless to deep amber to dark molasses. Liquid or
solid, an excellent honey should be presented as a uni-
colour robe, clear and residue free. The glittering spec-
trum of honey is highly dependent upon the botanical
origin. For instance honey like, rosemary, acacia, litchi,
eucalyptus, lavender, colza are classified as lighter honey
whereas wild pepper, ivy, metcalfa, pine, oak and buck-
wheat are amber to dark [38].

Density is an important parameter of practical impor-
tance. The specific gravity of honey is 50% greater than
density of water [39]. As a result, this difference in den-
sity can at time leads to stratification of honey in large
storage container. Recourse to thorough mixing could

Table 8. % Moisture content and TSS ("Brix).

% Moisture

Selected honey content TSS (*Brix)
Commercial honey labelled as 18.60 0. 17¢ 8133 £ 0.20°
pure honey
Commer'clal honey labelled as 1773 2 0.12¢ 8217 £ 0.29°
honey with glucose
Commercial honey labelled as 24.87 +0.12° 7550 + 0.00°
honey and lemon
Wild pepper honey 21.50 +0.30° 80.33 £ 0.29°
Eucalyptus honey 17.63 +£0.15° 81.17 +£0.00°
Litchis honey 19.40 £ 0.17¢ 80.50 +0.00°

Note: Different letter superscript between rows means significantly different
(a#b#c+#d+#e); For % moisture content, n = 3 for each honey samples;
Least Significant Difference (LSD) = 0.32 tested at 5% level of significance;
For TSS (°Brix), n = 3 for each honey samples, LSD = 0.42 tested at 5%
level of significance.
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avoid such separation. During this present research, glu-
cose enriched honey had the highest density of 1.55 g/ml.
Furthermore, eucalyptus honey density obtained was
1.40 g/ml which reflects same as honey from the United
Arab Emirates honey [40]. Published report tends to in-
dicate that the typical pH of honey should lies within the
range of 3.3 - 5.6 [10]. The pH of honey samples invest-
tigated here varied from 3.28 - 4.67, honey and lemon
being the lowest and wild pepper the highest. According
to these values, both commercially and raw honey were
within limits. The growth of some species of bacteria is
inhibited since pH of honey is low enough. However, this
acidity may be diluted or neutralised in-vivo by the buff-
ering of liquids fluids [41].

Several factors in honey have been reported to influ-
ence inhibition of bacteria and fungus. The carbohydrates
concentration, low pH, hydrogen peroxide, enzymes or
other minute’s components present may all show antim-
icrobial activity [28]. The antimicrobial properties of
honey produced by the Apis mellifera have been exten-
sively studied [7]. Data from this study showed that all
tested honeys had some antibacterial and antifungal
properties at any concentration ranging from 100% -
25% (v/v). Honey other than commercially available
antibacterial honeys like manuka (Leptopsermum sco-
parium) honey can have equivalent antibacterial activity
on certain clinical isolates [42]. In contrast to the activity
of the respective honey samples used in this present
study, the zone of inhibition observed against the gram
positive and negative bacteria and that among the fungus
were significant at 100%. The only exception is that no
significant difference was observed in between all the
honey samples on the bacteria Enterococcus faecalis
using the disc diffusion method and on Candida albicans
for the well diffusion which indicates that the honeys
used almost behave more or less the same on these or-
ganisms. The diffusing power of the well diffusion
methods was better compared to the disc one referring to
Figure 4. Minutes particle in honey tend to migrate more
easily in the well diffusion assay to influence the action
of the micro-organisms. Honey tested by Lusby et al. had
no activity on Candida albicans [42]. In contrast, Mau-
ritian honey investigated showed that the well diffusion
method for Candida albicans showed inhibition of 7 +
0.00 mm diameter using honey with glucose unlike disc
diffusion assay where no results was apparent at concen-
tration of 100% (v/v). The most sensitive microorganism
with the undiluted honey samples was Pseaudomonas
aeroguinosa with eucalyptus honey and litchis honey on
Enterococcus faecalis using the well diffusion methods.
Using the agar diffusion method, on average, wild pepper
honey was found to be more effective against inhibition
of the different clinical isolates. The peaks of inhibition
for the well diffusion assay were higher all together. A
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Figure 4. Comparative mean zones of inhibition for disc and well diffusion (100% conc.). Note: EF: Enterococcus faecalis; EC:
Escherichia coli; SA: Staphyloccus aureus; PA: Pseudomonas aeroguinosa; AN: Aspergillus niger; CA: Candida albicans; D:

Disc diffusion method; W: Well diffusion method.

review made on functional properties of honey, propolis,
and royal jelly stated that the antioxidant activity is pri-
marily associated with the presence of phenolic com-
pounds and flavonoids [43]. Mauritian honeys have sig-
nificantly high phenolics, flavonoids and antioxidant
activities [44]. Additionally, the concept of generalising
the honey sample among the clinical isolates might not
be well solicited. Some honey samples have showed to
be more effective on specific clinical isolates than others.

The MIC of processed honeys—pure honey, honey
and glucose, honey and lemon and raw honey—wild
pepper honey, litchi honey and eucalyptus honey against
gram positive bacteria; Enteroccocus faecalis, Staphylo-
coccus aureus, gram negative bacteria; Escherichia coli,
Pseudomonas aeroguinosa and fungus; Aspergillus niger
and Candida albicans were evaluated. General inter-
polation of the study reveals that Pseudomonas aerogui-
nosa had the greatest zone of inhibition and was more
sensitive. Similar effect was observed but at lower MIC
ranges 10% - 20% (w/v) [45]. Moreover, bacteria were
more susceptible than fungus. Gram-negative cells have
a complex cell wall containing an outer membrane and a
middle membrane made of peptidoglycan. Gram-positive
cells on the other hand have a thicker cell wall consisting
of several mucopeptide and mainly two types of teichoic
acid [46]. Compared to bacteria, yeast are able to grow
even at low pH. However, the low pH of honey during
this research might have inhibited the growth of Asper-
gillus niger and Candida albicans. Other intrinsic factors
like hypertonic of sugar, high osmolarity could have also
contributed to the antimicrobial effect of honey [47].
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Zone of inhibition observed on Pseudomonas aero
-guinosa was greater than other pathogens tested in the
present study since gram-negative bacteria are more sen-
sitive than gram-positive bacteria [46]. The action of
enzymes glucose oxidase when diluted generates hydro-
gen peroxide. The anti-bacterial activity of honey also
depends on hydrogen peroxide as well as methyglyoxal
(MGO), and bee defensin-1 [48].

5. Conclusions

Both locally and commercially available honey showed
significant antibacterial and antifungal activities which
revealed its efficacy of broad spectrum. In the light of
this present research, it can be asserted that honey in its
most concentrated form is very efficient against the
clinical isolates tested. Promising results were obtained
and reveals that locally available honey had greater po-
tential in inhibiting growth of the clinical isolates com-
pared to honeys tested in other countries. Moreover, it
was found that bacteria were more sensitive upon treat-
ment of honey compared to the fungi. The compara- tive
assays used for the microbial susceptibility testing was
more prominent for the well diffusion. As a result, higher
zones of inhibitions were observed in contrast to the disc
susceptibility testing. The methods employed clearly
showed that zone of inhibitions does not only depends on
antibacterial activity but also on the rate of diffusion of
antibacterial factors through the agar matrix. Addition-
ally, when the zone of inhibition of standard ampicillin
was compared with the undiluted honeys, it was found to
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have lesser effects. It might be suggested that the high
sugar content, low pH, low water content and high total
soluble solids all contributed to the significance inhibi-
tions of the clinical isolates.

6. Recommendation

In line to further add to the Mauritian honey profile, fur-
ther in depth studies should be geared to determine the
type of flow characteristics of honey, the broad honeys
available should be exploited and in-vivo studies would
be a further milestone in the recognition of Mauritian
honeys to achieve medical grade.
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