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ABSTRACT

For centuries, honey had a valued place in traditional medicine especially in remedy of microbial infections. In Saudi
Arabia, the consumption of honey is increasing daily and there are many types of Saudi consumed honey (local and
exotic), so comparing these honeys with their biological activities is greatly required. The main objective of the study
was to evaluate the antibacterial potency of three natural mountain honeys (Al-Sail Al-Kabir, Wadi Al-Dibaa &Wadi
Sahl) and three trade honeys (Al-Shifa, Haley & Polyflora) randomly selected from different regions of Saudi Arabia
country and evaluated for antibacterial activity against multidrug resistant (MDR) bacteria by agar diffusion methods.
Generally, all of the tested natural and trade honey types have inhibitory effect on growth of all tested bacterial strains,
recording higher activity for natural than trade types. Among the tested honeys, Al-Sail Al-Kabir and Haley were the
most potent ones with inhibition zone diameter (IZD) 14.5-16.5and 12.0 - 15.0 mm respectively. Also it was found
that, Al-Sail Al-Kabir retains with its activity up to 25%, while Haley was found to have weak activity when diluted to
75%. The minimum inhibition concentrations (MICs) and minimum bactericidal concentrations (MBCs) of the two
honeys showed that, Al-Sail Al-Kabir honey possessed lowest MIC values against E. faecium & P. aeruginosa with 5
mg/ml MIC and 10 mg/ml for MBC. While the highest MICs were recorded for Haley honey against S. aureus (VRSA)
&A. baumanii with 20 & 40 mg/ml MIC and 40 &>40 mg/ml MBC values. From the obtained values it was observed
statistically significant difference(P<0.05) between the tested organisms and the concentrations of the honey. It could be
concluded that, Saudi Arabia honeys, namely Al-Sail Al-Kabir and Haley have high antibacterial potency and can be
used as alternative strategy for treatment of multidrug resistant bacteria.
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INTRODUCTION

Using of antimicrobial agents in reducing the global burden of the infectious microbial diseases is essentially
important. The developing and spreading of the resistant microbial pathogens led to diminishing the effectiveness of
the known antibiotics. Antibiotic bacterial resistance is a serious problem to the public health and frequencies of this
resistance are increased worldwide [1-2]. The availability of antibiotics on shelf for the public in Saudi Arabia
contributes to the spread of multidrug[3].

MDR bacteria present an increasing problem in medical care [4]. Cases reported with MDR bacteria increased
in number and failure of routine antimicrobial therapy has extended to cover more patients even those who are not
seriously ill or complicated [5].In Saudi Arabia MDR bacteria represents a major problem causes length of
hospitalization, increases in morbidity and mortality, limited therapeutic options as well as high cost of health care.
MDR bacteria are retained to several types of Gram-positive and Gram-negative bacterial pathogens [6-9].

Currently, as a result of arising of those MDR organisms options for treatment with antimicrobial agents are
limited, and newly introduced drugs placed on the market are decreasing, and because it is quite important problem,
many efforts are directed to limit those bacteria from spreading[10]. Infection control represents the first steps
towards limiting those resistant bacterial types, secondly comes introduction of new effective antibiotics in the
market. In the wake of increasing interest in complementary and alternative medicine, herbal extracts are attracted
recently in many countries [11-13].

The Arab region is rich in natural resources, including plants and herbs. However, most of these remain
unexplored for their biological activities including those used in traditional medicine. With the growing problem of
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bacterial resistance to major classes of antibiotics, which is associated with many of the healthy and economic
problems, the search for alternative treatments from natural resources becomes a pressing issue[14]. According to
estimation of the World Health Organization, 80% of developing countries peoples rely on the harvested wild plants
for their primary health care [15]. In Arab countries honey has the first rank in folk medicine. In Saudi Arabia, the
consumption of honey is increasing, since it is one of the principle ingredients in foods, as remedy and in natural
mixtures [16].

Honey is a unique food product having several of bioactive compounds which derived from bees and plants
[17]. The average content of honey was recorded as, monosaccharides (75% fructose and glucose), disaccharides (3—
10% sucrose), complex sugars and other materials as well as water (20%) [18-19], also it contains antioxidants [20-
22]. Some reports mentioned that honey contains more than 200 components [23].

From ancient times, the honey was used in traditional medicine for remedy of the microbial infections. The
killing effect of honey to the microorganisms has been attributed to several factors such as its phytochemical nature,
its high concentration of hydrogen peroxide, high acidic nature as well as its high osmotic effect [24]. The
antimicrobial potency of honey is also dependent on several causes such as flower from which it is derived,
geographical location and the type of the used honey [25].

Recently, honey has been reported to have an antibacterial activity against about 60 species of bacteria
including Gram positives, and Gram negatives, aerobic and anaerobic, hence it was known that honey, had
antibacterial of broad spectrum activity [26].

Since honey types differ from one country to another and in different regions in the same country due to floral
origin, soil composition and other factors consequently, quality criteria differ from one honey type to another. So
these criteria vary according to these factors and need to be periodically revised with updating methodologies [27].
There are many types of honey (local and exotic) commonly consumed in Saudi Arabia. Most of these honeys are
traded without quality sign or reference to their origins and this may lead to honey adulteration and/or marketing
non-standard honeys. So, comparing these honeys with its biological activities is greatly required [28]. The present
study was conduct in order to evaluate some of the natural and trade Saudi honeys as antibacterial agents against the
MDR human bacterial pathogens.

MATERIALS AND METHODS

Collection of honeys

Three types of natural mountain honeys (Al-Sail Al-Kabir, Wadi Al-Dibaa and Wadi Sahl) originating from
three different localities in Saudi Arabia are kindly provided by honey— beekeepers in addition to three trade honeys
(Al-Shifa, Haley and Polyflora) purchased from three Saudi local markets were randomly selected from different
locations of Saudi Arabia country (Table 1).

Table 1: Types and regional data of the tested honey samples

No. Type Name of Honey (Scientific name) Location
1 Natural Honey  Al-Sail Al Kabir (Acacia spp) Al-Taif, Southwestern KSA (Stored honey)
2 Natural Honey =~ Wadi Al-Dibaa (Acacia spp) Arar, South KSA (Stored honey)
3 Natural Honey =~ Wadi Sahl (Acacia spp) Tarif, South KSA (Stored honey)
4 Trade Honey Al-Shifa Ratha, Othaim Markets
5 Trade Honey Haley Dammam, Carrefour Market
6 Trade Honey Polyflora Hafar Al-Batin, Hyper Panda

Preparation of honeys concentrations

Different concentrations 1, 2.5, 5.0 and 7.5% (v/v) of each honey type were prepared using sterile distilled
water. To obtain theses concentrations, the respective honey volumes: 9.0, 7.5, 5.0, 2.5 mL were dissolved in sterile
distilled water of a corresponding volume of to give 10 mL final volume. 6 mm filter paper discs were prepared [29],
and impregnated individually with the prepared honey concentrations.

Bacterial test organisms

The MDR bacterial test organisms used in this study were Gram-positive strains; Enterococcus faecium (strain
resistant to 15 different antibiotics) [30]and vancomycin-resistant Staphylococcus aureus (resistant to 13 different
antibiotics) [31] and Gram-negative strains; Pseudomonas aeruginosa (resistant to 15 different antibiotics) and
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Acinetobacter baumanii (strain resistant to 16 different antibiotics) [30]. In addition to two standard strains;
Staphylococcus aureus ATCC 29213 as a Gram-positive and Escherichia coli ATCC 25922 as a Gram-negative were
used for comparison of inhibition zones in the primary antibacterial assay. The previously mentioned strains were
obtained from Bacteriology Lab at Department of Botany and Microbiology, Faculty of Science (Boys), Al-Azhar
University, Cairo, Egypt.

Culture preparation

The six bacterial strains used in this study were kept on nutrient agar slants at 4°C until use. For purpose of the
culture preparation, twenty-five ml of nutrient broth medium were inoculated into six conical flasks of 50 ml volume;
each flask was inoculated separately with the six bacterial strains under study then incubated for 24 h at 37 °C.

Testing antibacterial susceptibility
Preparation of the bacterial inoculums

The bacterial slants were incubated at 37°C for overnight. The bacterial suspension (0.5 McFarland) was
prepared according to the method of Koneman et al. [32]. Briefly, three to five colonies were dispersed in sterile
normal saline then turbidity of the test tube was adjusted to 1.5 x 108 CFU/mL that corresponding to 0.5 McFarland
standard. Mueller Hinton agar plates were swabbed from the prepared standardized bacterial suspension, then the
plates were dried for 3 to 5 min.

Paper disc assay

The method of paper disc assay was performed according to Bauer et al. [33]. In this experiment the honey
samples were impregnated on paper discs, then, all discs were loaded on the surface of the agar and pressed to be
contacted with agar. To prevent overlapping of the inhibition zones, the discs were placed at a distance of 15 mm
from the edges of the plates. After incubation at 37°Cfor 24 h, the plates were examined and the inhibition zone
diameters (mm) were recorded. Triplicate plates were prepared and measured for each test organism.

Agar well Assay

The honey types gave highest antibacterial activity were selected and different concentrations were performed
from each type to detect the highest concentration gives highest antibacterial activity. Plates of Mueller Hinton agar
were prepared according to the instructions of the manufacturing company. Wells with 6 mm diameter were cut in
the agar using sterile cork borer. Swabs from bacterial suspension (1.5x10% CFU/mL) were streaked on the surface
of the agar plates. Different concentrations of the honey; 10, 25, 50 & 75% were added to the wells individually. The
inoculated plates were incubated for 24 h at 37°C [34].

Determination of MIC and MBC

The highest active natural and trade honey types (types gave highest diameter of inhibition zones) were
selected for determination of their MIC and MBC. For determination of MIC, different concentrations 80, 40, 20,
10, 5, 2.5, 1.25 and 0.62 mg/mL were prepared from each honey in tested tubes by serial dilutions using 1 mL of
Mueller Hinton broth medium. Inoculum of 20 ul (1.5x108 CFU/mL) of the test organisms was dispensed into the
tubes. The tube of positive control was contained only each of the organisms in 1 mL broth medium and but not
honey, in contrast the negative control tube was contained 1 mL of honey. After incubation at 37°C for 24 h, the
turbidity of each tube was visually investigated [35]. For MBC determination, the tubes of MIC that showed visible
growth or turbidity, each bacterial test organism was streaked on plates of nutrient agar and incubated for 24 h at
37°C. MBC was recorded as the lowest concentration without any growth of the test organisms.

Statistical analysis
The results of inhibition zone diameters were recorded and expressed as average + standard deviation then
analyzed using ANOVA (analysis of variance), if P<0.05 the differences were considered significant.

RESULTS AND DISCUSSION

The presence and spreading of multidrug resistant microbes led to re-evaluation of ancient remedies such as
honey [36-38]. Honey is highly valued by users for therapeutic purposes as an alternative medicine [39]. Using of
honey as a therapeutic is due to ancient times because of its varied therapeutic and nutritional values [40]. Honey is
commonly used as an anti-inflammatory, anti-oxidant and anti-bacterial agent [41]. Recent advances in research,
literature highlighted that honey has potential biological activities with promising health promoting properties [42].
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The selected honeys and bacterial strains

In Saudi Arabia, there are many types of honey, some are locally produced and some are imported from
outside the country. Evaluation the antibacterial activity of the most common types of Saudi honeys not studied
sufficiently [43]. Most of the available Saudi honeys are traded without quality sign or reference to their origins and
this may lead to honey adulteration and/or marketing non-standard honeys. So, comparing these honeys with quality
standards such as antibacterial activity especially against MDR bacteria is greatly required. Although, previous
studies which were conducted on Saudi honeys focused on antimicrobial activity as a general [44-49], but literatures
about evaluating the activity of both natural and trade Saudi honeys as antibacterial agent against multidrug resistant
(MDR) human bacterial pathogens are few. In this study, three natural mountain honeys (Al-Sail Al-Kabir, Wadi Al-
Dibaa and Wadi Sahl) originating from three different localities in Saudi Arabia were evaluated for antibacterial
activity in comparing with three trade honeys (Al-Shifa, Polyflora and Haley) purchased from three Saudi local
markets.

Antibacterial activity of the collected honeys against MDR bacteria

The collected six Saudi honeys were tested against four MDR bacterial strains S. aureus (VRSA), E. faecium,
P aeruginosa and A. baumanii in addition to two standard strains S. aureus ATCC 29213 and E. coli ATCC 25922
using paper disc diffusion method. Important MDR bacteria include methicillin-resistant Staphylococcus aureus
(MRSA), vancomycin-resistant S. aureus (VRSA), vancomycin-resistant Enterococci (VRE), Acinetobacter sp. and
Pseudomonas aeruginosa cause infections are more difficult and expensive to treat, and result in significant
mortality, imposing high economic burden on health care systems [5].

The results of antibacterial assay (Figure 1) showed that the highest antibacterial activity was recorded for
natural honeys where the inhibition zone diameter (IZD) was ranged from 12.0+0.54 to 19.5+0.10 mm in
comparison with trade honeys which showed lower activity of IZD ranged from 9.5+£0.52 to 16.0+0.27 mm against
all tested bacterial strains. Generally, among the tested natural honey types, Al-Sail Al-Kabir honey obtained from
Al-Taif, Southwestern KSA was the most potent type with IZD 14.5+0.35-19.5£0.10 mm followed by Wadi Al-
Dibaa and Wadi Sahl with IZD 12.5+0.44 - 17.0+0.33 and 12.0+0.54 - 15.5+0.10 mm.

WS, aureus ATCC 29213 W E. coli ATCC 25922 m S. aureus (VRSA)
M E. faecium M P. geruginosa m A. baumanii

Mean diameter of inhibition zone (mm)

n 1 I i i i 3

Al-Saif A"Kabirvadi Al Dibaawadi Sahy Al-shif, Hale), Polyf/o,.a

Natural honeys Trade honeys

Figure 1: Inhibitory growth activity of natural and trade honeys against MDR bacterial strain.

In case of trade honeys among the tested three honeys, Haley type that obtained from Carrefour Market;
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Dammam governorate was the most potent one with IZD ranged from 12.0+0.45 to 16.0+0.27 mm followed by
Polyfera honey of IZD ranged from 11.5+0.30 to 14.0+0.35 mm against the tested strains. While Al-Shifa honey was
the weakest activity at all of [ZD9.5 - 13.0+0.32 mm.

Our finding indicated that, susceptibility of the tested MDR strains to the different honey types was varied
where the highest inhibitory effect was recorded in case of E. faecium (10.5 — 16.5 mm) followed by P. aeruginosa
(11.0 — 16.0 mm) and S. aureus VRSA (11.0 — 15.0 mm), while the less susceptible strain was A. baumanii where
I1ZD was ranged from 9.5 to 14.5mm. Honey has been used for its healing, nutritional and therapeutic properties
since ancient times. Its antibacterial potentials even against multi-drug resistant bacteria, such as Staphylococcus
aureus, Pseudomonas aeruginosa and Acinetobacterbaumanni have been proved[50].

In general, the obtained results showed that, all tested natural and trade honey types showed inhibitory effect
on growth of all tested bacterial strains with varying degrees. The inhibition of bacteria growth is depending on the
origin of honey for the natural types and manufacturing company for the trade types. Molan [51] reported that, the
antibacterial activity of the honey may due to the floral source of honey which acts on its biological properties. Also,
many authors established that, the antimicrobial activity of honey is return to many factors [52-53] such as its
osmotic effect [24,54-55], its acidity or activity of glucose oxidase [56], its content of hydrogen peroxide [57-60],
presence of inhibin [61] that consider as antibacterial agent [62], H2O,[63] and non-peroxide contents [64-65], as
well as the factors of phytochemicals [66-67] and phytochemical substances [52,62,68-69].

Evaluation of antibacterial activity for the different honey dilutions

Based on the results of antibacterial assay it was found that, both Al-Sail Al-Kabir and Haley were the most
potent ones, therefore, it were selected and different concentrations 10, 25, 50 & 75% were performed and assayed
against the four test multidrug resistant bacteria by agar well diffusion method to detect the lowest active dilution
can be used as a consumable diet.

The results of antibacterial assays for the different dilutions (Figure 2) showed that, Al-Sail Al-Kabir was
active up to the concentrations 25% with 1ZD9.0 — 10.5 mm, while Haley honey was found to have weak activity at
the concentration 75% with IZD 8.5 — 11.0 mm. From these results we could concluded that the natural honey can
be used if though it diluted until to 25% while the trade honey losses it activity if diluted to 75%. The results of the
recorded inhibition zone diameters showed statistical significant difference in the values between the honey
concentrations and the microorganisms (P<0.05). Similar findings were reported by Alqurashi et al. [70].
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Figure 2: Antibacterial activity of different concentrations of the most potent honeys.
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Determination of MIC and MBC of the most potent honeys

From results of antibacterial activity it was clear that Al-Sail Al-Kabir and Haley honeys were the most potent
among the tested honey types thus it were selected for determination MIC and MBC against four tested MDR
bacterial strains. The MIC and MBC values of the most potent Al-Sail Al-Kabir and Haley honeys against the four
tested MDR bacteria are recorded in Table 2. The lowest MIC values were recorded for Al-Sail Al-Kabir against E.
faecium & P. aeruginosa with MIC 5 mg/ml and 10 mg/ml MBC, relative increase in both MIC values 10 & 20
mg/ml and MBC 20 & 40 mg/ml for both S. aureus (VRSA) and A. baumanii respectively. The Highest MIC values
were shown by Haley honey against S. aureus (VRSA) &A. baumanii with 20 & 40 mg/ml MIC and 40 &>40
mg/ml MBC values. Relative decreasing in MIC values 10 mg/ml and MBC 20 mg/ml for both E. faecium & P.
aeruginosa respectively. The obtained MIC and MBC values are similar to those obtained by many authors
discussed antibacterial potency of different Saudi honeys against non-multidrug-resistant bacteria [70, 71-73] and
the results reported by Hern et al. [74]. To the best of our knowledge there is no study about evaluation of
antibacterial activity of Saudi honeys against MDR bacteria. So, from the results obtained for MIC and MBC of Al-
Sail Al-Kabir and Haley honeys we can indicate efficiency of these types as alternative treatment for MDR bacteria
at low concentrations.

Table 2: MICs and MBCs of the most potent Saudi honeys

Bacterial strains MIC/MBC (mg/ml)
Al-Sail Al-Kabir honey Haley honey
MIC MBC MIC MBC
S. aureus (VRSA) 10 20 20 40
E. faecium 5 10 10 20
P, aeruginosa 5 10 10 20
A. baumanii 20 40 40 >40°

*MIC, Minimum inhibitory concentration, MBC, Minimum bactericidal
concentration; ® The highest concentration tested.

CONCLUSION

The results obtained in this study established that, not all the common Saudi honeys have the same biological
and medical properties, among them Al-Sail Al-Kabir and Haley Saudi honeys are valuable types where they have a
promising antibacterial activity against multidrug resistant bacteria (MDRB). Thus they can be used as an alternative
and efficient remedy for reducing the infections caused by such bacteria.
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