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Remedial effect of different Saudi honey types on some Gram positive
bacteria(Staphylococcus aureus, Bacillus subtilis) and Gram negative bacteria (Escherichia
coli, Pseudomonas aeruginosaandKlebsiella pneumonia) was investigated. The honey
types used in this investigation were different in their floral sources, N. Sativa and
Ziziphus- Spinachristilocally known asSamra and Sidir, respectively. Well agar diffusion
assay for the antibacterial effect of honey was employed. Zones of complete and
partialgrowth inhibition of all bacterial species tested weredetected.Tested activity of
thehoney types was compared to that of phenol. 50% (w/v) of each of those honey types
was equivalent to 3.3 and 4.5% phenol (w/v). Comparing the antibacterial activity ofSamra
and Sidir honey types with some commercial antibiotics at 30 g/ml revealed that, some
of the antibiotics used were not effective especially against P.aeruginosa. This indicated
that honey could be used effectively in some cases where some antibiotics are not
effective.Further investigation on the nature of the antibacterial substance in honey through
high pressure liquid chromatography (HPLC) was attempted. Cinnamic acid, methyl-4-
hydroxy-3, 5-dimethoxy benzoate and 4-hydroxy-3, 5-dimethoxy benzoic were the standard
references available during this study. No correlation was found between their quantity
and the antibacterial activity of the honey types. The present study clearly demonstrated
thatsome Saudi honey types possess antibacterial activity against some bacterial species
causing wound infections
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Usage of honey as an effective remedy
has been documented in many culturesalong time
agol,2,3besidesitsantibacterial activity4,5,6.Three
factors (osmolarity, acidity and hydrogen peroxide)
have been accepted as playing a major role
contributing to the antibacterial activity of honey7
in addition to the presence of antibacterial
phytochemical components8,9,10. Furthermre,
defensin-1, has recently been found to contribute
in the antibacterial activity of honeyll.Some
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components with antibacterial activity have been
identified in the ether extract of manukahoney by
preparativethin-layer chromatography12,13. 3,5 -
dimethoxy-4-hydroxybenzoic acid (syringic acid),
methyl 3,5 - dimethoxy-4-hydroxybenzoate (methyl
syringate), 3,4,5,-trimethoxybenzoic acid and 2-
hydroxy-3-phenylpropionic acid.Comparison of the
antibacterial action of honey in different dilutions
with the antibacterial effect of commonly used
antibioticson ninetypes of pathogenic organisms,
isolated from urine samples of 149 patients with
urinary tract infection was documented by14.
Results indicated that 30-50% dilutions of honey
were superior to all tested antibiotics including
gentamicin. Some honey types of low antibacterial
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activity were not inhibiting to S. aureus up to a
concentration of 50% in an agar diffusion assay,
other active honey types inhibited the same
organismswhen diluted to aconcentration of 1%15.

Honey has special endorsement by the
Saudi consumers as a source of food, primarily
due to the fact that the Holy Koran as well asthe
Hadith have clearly referred to the efficacy of honey
asahealer of diseasel6. Chemical characteristics
of imported and locally-produced honey samples
was performed17. Results obtained indicated that
imported honey samples tested contained
significantly higher amounts of moisture, water
insoluble solids, total acidity and HMF. Saudi
honey types contained significantly higher
amounts of calcium and magnesium.The healing
potential of Saudi bee honey has been investigated
alsoinlimited studies. Natural honey wasreported
to be inhibitory in vitroto the growth of
Helicobacter pylori at 20% concentration18.
Natural honey was shown to prevent indomethacin
and ethanol-induced gastric lesions in ratsl19.
Natural honey also accelerated the healing of
indomethacin-induced antral ulcersinrats20. The
antimicrobial activity of Saudi honey was
addressed in many previous studies21,22,23,24.
Generally, not all honey types created an equal
antimicrobial activity because of differences in
floral source. Hereby, this study aimed to
investigate the curing effect of selected Saudi bee
honey types on bacterial species causing wound
infectionsin relation to floral-type utilized by the
bee besides some honey components.

MATERIALS AND METHODS

Honey samples

Honey samples were obtained from
commercial apiarists throughout the Kingdom of
Saudi Arabia. Care was taken to select honey
samples differing in their floral sources. Honey
sampleswere supplied and stored in air-tight glass
containersat 4 C under dark conditions.The honey
samples assayed were unpasteurized; they were
tested before and after each assay for possible
microbial contamination. Description of the honey
samplesincluded in this study isshown in table 1.
Propertiesof thehoney samples

Some physical and chemical tests were
performed on the honey samples through the

J PURE APPL MICROBIO, 8(5), OCTOBER 2014.

MOHAMMED: STUDY OF HONEY FROM DIFFERENT FLORA SOURCES

Honey Quality Laboratory (Riyadh, Saudi Arabia)
toidentify some of their propertiesasindicated in
table 2.
Standard test organisms

The standard test organisms used in this
study were obtained from (Difco Laboratories, Mi-
U.S.A.). They were selected as representative of
Gram positive and Gram negative pathogenic
bacteriacausing primarily wound infections, except
for B.subtilis(Table 3).
Clinical isolates

Six clinical isolates of S. aureus and
P.aeruginosa were obtained from six different
patients in Riyadh Armed Forces Hospital, Saudi
Arabia(Table4).
High Performance Liquid Chromatography
(HPLC)

Waters company series for HPLC fitted
with an automated gradient controller model 680,
pump model 45, injector wisp model B712, refractive
index detector model R401 and recorder model 730.
Standar dization of inoculums

Theinoculum size of each bacterial tested
organism used in the conducted experiments was
standardized using Macfarland tube no. 1 to givea
concentration of 1x10 organisms per ml. The
turbidity standard was prepared according to Lorian
(1980) by adding 0.5 ml of 0.048 MBacl2 (1.175% w/
v Bacl2 2H20) to0 99.5 ml of 0.35N H2S04 (1% v/v)
and agitated on avortex mixer just prior to use.
Assay of theantibacterial activity of honey

The antibacterial activity of honey
samples was assayed by agar well diffusion
method. Sterile nutrient agar seeded with the
organism under test and distributed aseptically into
the petri-dishesand allowed to set. The plateswere
stored for onehour before use. Wells were cut in
the agar using a cooled flamed 6 mmcork borer,
and the cut discs of agar were removed. Honey
samples were tested in four replicates by adding
100p! of the honey sampleto each well. All honey
samples were prepared aseptically, and handled
away fromdirect bright light. A blank of 100ul sterile
distilled water was used per plate. Plates were
incubated for 18 hoursat 37°C. Thediameter of the
clear zonewas measured in mm.
Comparison of theantibacterial activity of honey
tothat of known antimicrobial agents

The antimicrobial activity of the honey
typeswas compared to antimicrobial agents of
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known antibacterial activitynamely, phenol and
antibiotics. Only the diameter of zone of complete
inhibition (C.I) was measured.

Comparison of theantibacterial activity of selected
honey typestothat of phenal

For construction of the standard
curve,different dilutions of the honey types were
prepared. A 50% (w/v) solution of each honey
sample was diluted with sterile distilled water to
give a series of 10 concentrations in the range 5-
50% (w/v). Solutionsof 1, 2, 3,4,5,6, 7, 8,9, and
10% (w/v) phenol in sterile distilled water were
prepared to be used as a standard. All above
sampleswereassayed for their antibacteria activity
inagar well diffusion plates seeded with S. aureus.
Antibacterial activity of selected honey types
against clinical isolates of Pseudomonas sp. and
Staphylococcus sp.

Clinical isolates of Pseudomonas sp.and
Stapylocuccus sp. were obtained from Riyadh
Armed ForcesHospital, Saudi Arabia. Honey types
were tested at 100%, 50%, 25% (w/v)
concentrations. The effect of four commercial
antibiotics, Velosef, Chloromycetin, Pentrexyl and
Tetracyclineat final concentration of 30 g/ml were
also assayed for their antibacterial activity against
the sameclinical isolates.

Determination of theinhibinenumber

The inhibine number of the honey types
was determined21. Five nutrient agar plateswhich
contain graded amounts of diluted honey(20% -
4%) were prepared.All plateswereinoculated with
a fresh culture of S. aureusand incubated for 24
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hours then examined. The inhibine number was
taken as the number of the plate with the lowest
concentration of honey that does not permit any
visible growth of the bacteria. The minimum
inhibitory concentration (MIC) of the honey types
which inhibited the growth of S. aureus in solid
mediawas al so determined by incorporating honey
in different concentrations into the growth media
and examining plates for determining the lowest
concentration of honey that did not allow any
visible growth of the bacteria under test.
Statistical analysis

Data were statistically treated with the
statistical programme JM P 5.1 Start Statistics, third
edition (SASInstitute, Inc., Cary, North Carolina,
USA). The variations among the different
treatments were tested using One-Way-ANOVA.
The results presented are means (4 replicates +

%)
RESULTS AND DISCUSSION

Detection of theantibacterial effect

In the present work it was aimed to
establish the ability of different Saudi honey types
from different floral sourcesto exert aninhibitory
effect on the growth of different microorganisms
causing wound infections. In Saudi Arabia, there
isawide diversity of ecological and geographical
floral sources and bee honey is known to be
influenced in quality by the type of flowers and
season of its production® 2’. Dark honey from
conifer forests of the mountainous regions of

Table 1. Description of honey types collected from
different floral sourcesin the kingdom of Saudi Arabia

Honey  Location of Season of Floral Source

Type Production Production Species Family

Samra  South Summer Nigellasativa Ranunculaceae

Sidir South Summer Ziziphusspina- christi Rhamnaceae

Table 2. Chemical characteristics of the honey samples
Honey Chemical Tests
Sample Moisture % Invert Sugars Sucrose Diastase Acidity Ash %
GLU FRUC FIG Enzyme

Samra 17 31 36 1.2 - 8.21 35 0.54
Sdir 14 27 5.6 0.2 29 10.34 18 0.065
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Central Europe and honey from sweet chestnut
(Castanea saliva) have been found to have
particularly high activity*?8. Furthermore, clover
(Trifolium spp.) honey has been found to
haveconsistently low activity®*.Very large
differences have been found between honeysfrom
different floral sourcesinthermal stability of their
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glucose oxidase content®. These information
might support our finding regarding different
responses of microorganism to honey from
different floral sources Nigella sativa
(Ranunculaceae) and Z. spina-christi
(Rhamnaceae). By the use of seeded agar well
diffusion assay, two kinds of antibacterial effects

Table 3. Standard tested bacterial strains, source, classification and the infectious diseases they cause

Bacterial species Source Classification Infection

Saphylococcus aureus ATCC 35923 Gram positive Abscesses, wound infections,
carbuncles, impetigo, boils

Escherichia coli ATCC 35922 Gram negative Diarhoea, wound infections,
septicaemia, urinary infections

Pseudomonas aeruginosa ATCC 27853 Gram negative Urinary infections, wound infections

Bacillussubtilis ATCC 6633 Gram positive Non pathogenic

Klebsiella pneumoniae ATCC 13883 Gram negative Pneumonia, urinary infections

Table 4. Clinical bacterial isolates of Staphylococcus aureus
and Pseudomonas aeruginosa information

Clinica Isolate Isolate No. Patient’s Sex; Age (Years) Isolation Site
P. aeruginosa 1 M;31 Wound/diabetic foot
2 M;65 Pus/leg
3 M;65 Wound/right leg
S aureus 6 M;42 Blood
7 M;10 Wound/unspecified site
8 M;61 Urine

Table 5. Effect of dilution of Samra honey on the growth inhibition of the standard microorganism

Bacterial species 100% 75% 50% 25% 10% 5%
Saphylococcus aureus 355+15 31.3+1.2 30.7+0.6 24.3+1.6 15+1.7 7.3£0.6
Escherichiacoli 34.3+32 29.3t15 28+2 24.3+2 20+1 13.7£15
Ps. Aeruginosa 15.7+21 10+0 8.7+0.9 8+1.7 7.3+0.6 -

B. Subtilis 15.6 £ 0.6 1241 11.3+1.15 8+1 6.3x1.5 -

K. Pneumoniae 36.0+ 1.0 34.312.1 33.3£2.9 23+3 22+1 17.3+2.1

Diameter of growth inhibition zone (mm) is an average of 4 replicates + SE)

Table 6. Effect of dilution of Sidir honey on the growth inhibition of the standard microorganism

Bacterial species 100% 75% 50% 25% 10% 5%
Staphylococcus aureus 35010 31715 29.7+0.6 23.7x1.5 16.7£1.32  12.3£25
Escherichia coli 35.6+0.6 31+3 30+2 22.3x15 21+1.7 13+1.6
Ps. Aeruginosa 170+ 1.7 15.3+5.1 12,721 10.7+1.2 9.3+x1.1 -

B. Subtilis 143+25 13.7+1.5 11.3+x1.1 11.7+0.6 8+1.7 -

K. Pneumoniae 33.0£15 29.7+0.6 26x1.7 23.7£3 23.3+3.9 15.3+1.1

Diameter of growth inhibition zone (mm) is an average of 4 replicates + SE)
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of honey were detected. As shown in Figure 1,all
tested honey samples caused zone of partial
inhibition of growth (PI.) asresult of abacteriostatic
action of honey on the tested organism. However,
another clear zone of no growth which was much
smaller than the (P.l.) was referred to the zone of
complete inhibition of growth (C.I.) asresult of a
bactericidal action of honey on the tested
organisms. Completeand partial inhibitory effects
were seen persistent for both Gram positive and
Gram negative test organisms. The range of the
zoneof partial inhibition diameter and the zones of
complete inhibition as a result of various honey
sampleson thetest organismswereranged between
13.3 to 37.7mm and between 9.5 to 21.0 mm,
respectively.

Many reports confirmed the formation of
partial or complete inhibitory effects of honey on
growth of different tested organisms®3t. However,
the inhibitory effect of honey varied among
different bacterial species. Incaseof Gram positive
bacteria,S. aureus was found to have the most
sensitivityto honey types showing higher degrees
of antibacterial activity.Previous studies confirmed
that S.aureuswas very sensitive to honey?2232, E,
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Coli has been considered one of the bacterial
species generally sensitive to many of the honey
types tested?*3*, Another study indicated that
only 100% of adifferent honey type was required
to reach complete inhibition of growth of
K.pneumoniae®.Same observations for P.
aeruginosa and B. subtilis were also detected®3
when different Saudi honey types were applied.
Differences in bacterial responses might be
attributed to the osmotic effect and the sensitivity
of these organisms to hydrogen peroxide which
areunsuitablefor bacterial growth®%, Our present
results indicated that the diameter of the zone of
partial inhibition decreased with increasing the
dilution of honey (Tables5,6) asreported earlier?”*,
Thedecreasein the diameter of the zone of partial
inhibition could be regarded as due to a decrease
in the osmotic effect of honey on the test
organism®37,
Comparison of theantibacterial activity of selected
honey typestothat of phenal

Comparingthe antibacterial activity of the
honey types to that of phenol has indicated as
50% honeySamra and Sidir are equivalent to 3.3
and 4.5% phenol (w/v), respectively. In asimilar

Table 7: Diameter of growth inhibition zone (mm) for six clinical isolates treated with
different dilution of the honey types samra and Sidir beside their sensitivity to different antibiotics

Clinica |solate Samra Sidir Antibiotics

Isolate No. 100% 50% 25% 100% 50% 25% AMP TET CEPH CHL

P. aeruginosa 1 17 14 0 18 10 0 15 12 13 0
2 14 13 10 17 13 8 16 17 12 16
3 12 10 0 14 11 0 0 0 0 0

S. aureus 6 12 11 0 13 8 0 0 0 12 13
7 12 10 0 11 9 0 0 15 0 15
8 22 18 9 18 15 10 0 0 0 0

Diameter of growth inhibition zone in mm (average of 4 replicates)

Table 8. Concentration (mg/g) of cinnamic acid, 4-hydroxy-3, 5-dimethoxy
benzoic and methyl-4- hydroxy-3, 5-dimethoxy benzoate in Saudi honey samples

Honey Sample  CinnamicAcid 4-hydroxy-3, 5-dimethoxy Methyl 4-hydroxy-3, 5
benzoic dimethoxy benzoate

Samra(S-S) 0.300 3.034 (F) 0.002

Sidir (S-9) 0.007 0.207 -

(F) Mixture of more than one component.

Results are the mean of duplicate assays using HPLC system (A).
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study on several types of New Zealand honeys
found that their antibacterial activitieswerefound
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Fig. 1. Comparison between completeinhibition (C.1.)
and Partial inhibition (P..) for the growth of standard
tested organisms with Samra (A) and Sidir (B) in mm

to be equivalent to 14.1 and 13.6% (w/v) phenoal,
respectively®. A recent study on 24 honey types
showed activityequal to (5.5-8.4%) wi/vto that of
phenol?,
Antibacterial activity of selected honey types
against clinical isolates of Pseudomonas and
Staphylococcus

Thesix clinical isolates of Pseudomonas
sp. and Staphylococcus sp. exhibited ahigh degree
of sensitivity to the honey typestested Samraand
Sidir as shown in table 7.Pseudomonas isolates
were sensitive to the honey types at 100% and
50% concentrations. The complete
growthinhibitionzones at those concentrations
were (10-17mm) and (11-19mm) for samra and
sidir,respectively. At 25% honey however, only one
Pseudomonas isolates was affected. On the other
hand, Staphylococcus isolates showed diameter
of the zone of complete inhibition of growth for
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100% and 50% concentration ranged from (10-
22mm) and (8-18mm) for samra and sidir,
respectively. At 25% honey however, only one
Staphylococcus isolates was affected. The four
commercial antibiotics tested exerted a selective
inhibitory effect on the isolates tested. Similar
observations were also detected by* and the
dilution of honey to 50% inhibited the growth of S.
aureus.

Determination of theinhibinenumber of selected
honey types

The inhibine number for honey types
Samraand Sidirfor the bacterial species S. aureus
was found to be 4, and 5, respectively. The
minimum concentration of each of the honey types
which totally inhibited the growth of S. aureus
when incorporated into the nutrient agar medium
werefound to be 5% (w/v) for Samraand 5% (w/v)
for Sidir, same range of observations was also
detected when S. aureus was treated with honey
typesfrom Yemen®,

Onthe other hand, cinnamic acid, Methyl
4-hydroxy-3, 5 dimethoxy benzoate and 4-hydroxy-
3, 5-dimethoxy benzoic were detected in the studied
samples (Table 8). Thethree substances are among
the components of honey and in the meantime are
extensively used as preservatives in
pharmaceutical preparations as well as food and
cosmetics. They possess antibacterial and
antifungal properties to honey®94, Qur results
indicated that there is not much correlation
between the presence of these compounds and
the higher level of antibacterial activity of honey

CONCLUSON

Results from this investigation revealed
that the daily application of bee honey on septic
wounds, might givefavorableresults. Thus, honey
could be regarded as a successful alternative to
conventional antibiotics normally used aswell as
the significant cost efficiency in using honey, its
application and removal as a dressing could be
easier.
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