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Abstract

Background: Honey has previously been shown to have wound healing and antimicrobial properties, but this is dependent on the
type of honey, geographical location, and flower from which the final product is derived. We tested the antimicrobial activity of a natural
honey originating from the Ziziphus spina-christi tree, against selected strains of bacteria. Ziziphus honey among more than a 100
verities of honey is known to have the greatest value of energy and minerals in it. Materials and Methods: The aim of this study was
to determine the antibacterial activity of Ziziphus honey in 10%, 20%, 30%, and 40% dilutions (v/v) against Listeria monocytogenes,
Salmonella typhimurium, Escherichia coli, and Staphylococcus aureus. Viable count enumeration of the sample was investigated after
0, 24, 72, and 120 h postinoculation with any of the bacteria using pour-plate method. Results: The findings indicate that Ziziphus
honey was effective against these pathogenic bacteria. In a comparative trial, antibacterial activity of Ziziphus honey was higher after
120 h incubation for each four bacteria in most dilutions. The microbial count showed 3-7.5 log reduction comparing with control after
120 h. Conclusions: Therefore, it is recommended using Ziziphus honey as a natural preservative and antibacterial agent. Also, it
could potentially be used as therapeutic agents against bacterial infection particularly to the tested microorganisms.
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INTRODUCTION contribution to human health that depend largely on
the floral source. These properties could be associated
Honey has been reported to show a significant antibacterial

activity against a wide range of bacteria.l'! It has been

to honey’s high osmolarity, antibacterial properties, and
antioxidant capacity.?* The antioxidant and antibacterial

demonstrated in many studies that the antibacterial effects
of honey are attributed to its high osmolarity, low pH,
hydrogen peroxide content, and other non-peroxide factors
such as lysozyme, phenolic acids, and flavonoids.” The
quality of honey is mainly determined by its sensorial,
chemical, physical, and microbiological characteristics.
Honey is a sweet and flavorful natural product which
has been consumed for its high nutritive value and its
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activity of honey, however, varies greatly depending on
the honey floral source.! Ziziphus is a multipurpose tree
ot shrub, belonging to Rhamnaceae family. There are about
50 species in the tropical Asia, Africa, America, and the
temperate regions. In Flora Iranica, five species were listed
tor Iranian Plateau, namely Zigyphus spina-christi, Zigyphus
oxyphylla nummularia, Zigyphus oxyphylla jujuba, Zigyphus
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oxyphylla mauritiana, and Zizyphus oxyphylla Z. spina-christi
L. known by the Persian name “Konar” or “Sidr” and
widely grow in the southern of Iran. Biological and
pharmacological tests have shown antibacterial, antiviral,
and antidiabetic effects of the extracts or fractions of the
leaves of this plant.” Its flowers are important source for
honey bee. The honey collected from the flowers of the
Sidr is in high demand by citizens for its medicinal qualities
in addition to its excellent taste and fragrant smell. The
composition of active components in plants depends on
various factors, particularly plant bio- and chemo type and
climatic conditions. Consequently, it can be reasonably
expected that honey properties from different locations are
different.’! Newly identified honeys may have advantages
over or similarities with known honey due to enhanced
antimicrobial activity, local production (thus availability),
and/or greater selectivity against medically important
organisms.” On this basis, other honeys need to be assessed
and evaluated.” Therefore, the aim of the present study
was an 7z vitro evaluation of antibacterial effectiveness of
Ziziphus honey originating from the Z. spina-christi L. tree
(Tangestan, Bushehr) against Listeria monocytogenes, Salnonella
typhimurinm, Escherichia coli, and Staphylococcus anrens as
foodborne pathogens.

MATERIALS AND METHODS

Bacterial strains and inoculum preparation

S. anrens (ATCC 6538) and L. monocytogenes (ATCC 19118)
as Gram-positive and S. #yphimurium (ATCC 14028) and
E. coli (ATCC 25922) as Gram-negative bacteria were
used. For the antimicrobial activity measurement, first
of all active cultures were generated by inoculating
single colony of each bacterium into 5 ml sterile nutrient
broth (Merck) and incubated at 37°C for 24 h. Freshly
synchronized cultures of bacterial strains from initial
inoculums were prepared after 2 times overnight cultures
(24 h) of each bacterium by successively transferring 100
ul of the vegetative cells into tryptic soy broth (TSB,
Merck, NJ, USA). Then the optical densities of the active
freshly synchronized cultures were adjusted at 600 nm.
The broth cultures prepared in this way had a final culture
density of approximately 10° colony forming unit (CFU)/
mLI" This had been used as adjusted inoculum for all the
further studies.

Honey sample and preparation of concentrations

Natural Ziziphus honey was collected from Tangestan
apiaries in Bushehr province, Iran and stored in the dark
at room temperature. Different concentrations of honey
constituting 10%, 20%, 30 %, and 40% (v/v) were made
using sterile nutrient broth. Before, honey was placed in a
37°C water bath to aid dissolving.

Measurement of antibacterial activity

The natural Ziziphus honey in 10%, 20%, 30%, and 40%
dilutions (v/v) were provided in nuttient broth medium as
mentioned above. Then, 1 ml (about 10° CFU/ml) of each of
bacteria separately added to 1 ml of each dilution of honey
and incubated at 35°C for 120 h. Concurrently, a positive
control by inoculating 1 ml of the microbial suspension into
1 ml of the nutrient broth and a negative control by adding
1 mlof the nutrient broth (without bacteria) to 1 ml of each
dilution of honey were made. Total viable count enumeration
of each sample was investigated after 0, 24, 72, and 120 h
postinoculation. Total viable count was carried out using the
pout-plate method as described by Harrigan."!! The count
was expressed as CFU per ml. All tests were performed in
triplicate and were repeated 3 times to obtain reliable results.

Statistical analysis

Statistical analysis of data was performed using analysis of
variance (ANOVA) and post-hoc tests (Scheffe and Duncan)
by SPSS 16 software from IBM Company. Differences were
considered significant when P < 0.05.

RESULTS

Viable count enumeration of different concentrations of
Ziziphus honey (10%, 20%, 30%, and 40%s) was investigated
after 0, 24, 72, and 120 h postinoculation with any of the
bacteria. Then, analysis of data was carried out by SPSS 16
software. Based on our result and statistical analysis using one-
way ANOVA, significant difference at different times between
different concentrations of honey was observed about all the
researched bacteria. The results were expressed as means +
standard deviation log-transformed bacterial concentration
(CFU/ml). Figure 1 indicates antibacterial activity of Ziziphus
honey against S. aureus at different concentrations and times.
The results showed 3-7 log reduction of S. aureus in 30%
and 40% concentration of honey, respectively, at different
times. Also in post-hoc tests (Scheffe and Duncan) in 24 h of
incubation was observed significant difference between the
concentrations of 0% with the other concentrations of honey
(P < 0.05). On the other hand, between the concentrations
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Figure 1: Growth curve of Staphylococcus aureus in different dilutions
(10%, 20%, 30%, and 40%) in 0, 24, 72, and 120 h
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of 10%, 20%, and 30% showed no any significant difference
(P > 0.05). In 120 h of incubation, the concentrations of
30% and 40% were observed significant difference compared
to other concentrations (P < 0.05). The statistical analysis
showed no significant difference between 24, 72, and 120
h incubation on §. aurens in 40% dilution. Antibacterial
activity of Ziziphus honey against E. ¢/ indicates 3-7 log
reduction in different concentrations of honey, after 120 h of
incubation [Figure 2. Statistical analysis observed a significant
difference between concentrations of 30% and 40% with
other concentrations at 24 and 72 h of incubation (P < 0.05).
Based on the results, L. zzonocytogenes showed 2-5 log reduction
in different concentrations of honey, after 72 and 120 h of
incubation [Figure 3]. Also, a significant difference between
different concentrations of honey with 0% concentration was
observed at 72 and 120 h of incubation (P < 0.05). The effect
of Ziziphus honey against S. yphimurinm showed 1.5-6 log
reduction in different concentrations of honey, after 72 and
120 h of incubation [Figure 4]; also, a significant difference
between different concentrations of honey with 0%
concentration was observed at 72 and 120 h of incubation (P
< 0.05). Statistical analysis between different concentrations
indicated a significant difference between 30% and 40%
concentrations of honey with other concentrations after
24 h of incubation (P < 0.05). Also, it showed no significant
difference between 30% and 40% dilution on salmonella
(P > 0.05). The total results showed that Ziziphus honey
has a good antibacterial activity against these bacteria. In a
comparative trial, antibacterial activity of Ziziphus honey
was higher after 120 h incubation, especially in 30% and 40%
concentrations of honey. L. monocytogenes showed a lower
sensitivity at concentrations of 30% and 40%.

DISCUSSION AND CONCLUSION

These days, abundant use of antibiotics has resulted in
widespread resistance; with the development of novel
antibiotics, alternative antimicrobial strategies are urgently
needed."” Honey has an extensive history to traditional
human medicine use and also is an attractive ingredient for
healthy foods.'*'" It has been proposed that the healing
effect of honey could be due to various physical and
chemical properties.””! The high osmolarity and acidity
of honey are among the physical characteristics that
contribute to its antibacterial activity. Hydrogen peroxide,
volatiles, organic acids, flavonoids, beeswax, nectar, pollen,
and propolis are important chemical factors that provide
antibacterial properties to honey. In a study, Shin and
Ustunol related the sugar composition of honeys from
different floral sources to the growth inhibition of various
intestinal bacteria.'"” Thus, the floral source of honey
plays an important role on its biological properties. For
example, Manuka honey from New Zealand is recognized
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Figure 2: Growth curve of Escherichia coliin different dilutions (10%,
20%, 30%, and 40%) in 0, 24, 72, and 120 h
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Figure 3: Growth curve of Listeria monocytogenes in different dilutions
(10%, 20%, 30%, and 40%) in 0, 24, 72, and 120 h
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Figure 4: Growth curve of Salmonella typhimurium in different dilutions
(10%, 20%, 30%, and 40%) in 0, 24, 72, and 120 h

for its therapeutic properties. The composition of honey
has been shown to depend largely on its floral source. In
consequence, it would not be surprising that the provenance
of honey could determine its antibacterial properties.!'”
Z. spina-chirsti plant has versed medicinal and nutritional
values. Some useful phytochemicals that include flavonoids,
tannins, lipids, terpenes, alkaloids, steroids, free sugar, and
mucilage have been isolated from the plant.!"” This research
is the first study to provide direct evidence for the efficacy of
Iranian Ziziphus honey against these foodborne pathogens.
Our data reveal that the foodborne pathogens tested were
susceptible to Ziziphus honey, although this honey was not
able to produce complete inhibition of bacterial growth
during 120 h incubation, but antibacterial activity was
increased with additional concentration of honey and the
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microbial count showed about 3-7.5 log reduction after 120
h in most cases. It can be related to increase antibacterial
factors and duration effect of the honey. Nzeako and
Hamdi"” in their study of six commercial honeys found
that inhibition of S.aureus, E. coli, and Psendomonas aernginosa
did not occur at honey concentrations <40%. In a research
in Saudi Arabia, antimicrobial effects of different honey
samples including Sidr honey against multiresistant
pathogens showed that the most sensitive pathogens
were Aspergillus nidulans, S. typhimurium, and Staphylococcus
epidermidis.* Alandejani ez al. showed effectiveness of Sidr
(Yemen) and Manuka (New Zealand) honey on §. aurens and
P. aeruginosa biofilms, respectively. The bactericidal rates for
the Sidr and Manuka honeys against methicillin-susceptible
S. anrens, methicillin-resistant S. aurens, and P. aernginosa
biofilms were 63-82%, 73-63%, and 91-91%, respectively.
These rates were significantly higher than those seen with
single antibiotics commonly used.? In a research, Hegazi
investigated antibacterial activity of seven Egyptian honeys
and one Saudi honey (Sidr) against some bacteria. He
reported that the Sidr honey was more effective against .
aurensand P. aeruginosa?? Also, antimicrobial activity of three
types of honey (Sidr, Sunflower, and Sunut) was examined in
Sudan. The Sidr honey showed antimicrobial activity against
S. aureus, P. aeruginosa, and Klebsiella aerogenes, while E. coli
showed high resistance.”
differences in susceptibility of microorganisms to Ziziphus
(Sidr) honey produced in different countries. There is a great
interest in controlling the growth or eliminating foodborne
pathogens using natural antimicrobials. If honey can slow or
stop the growth of spoilage organisms or food pathogens,
then its incorporation into foods as a preservative can be
explored. In light of the enormous potential for application
of honey, it is important that research continues not only

| Other researchers have also found

into those honeys recognized as antibacterial, but also
into other locally produced, as yet untested honeys.!
Therefore, it is recommended using Ziziphus honey as a
natural preservative and antibacterial agent and it may play
an important role as antibacterial natural product. However,
further research could indicate whether Ziziphus honey has
potential as a preservative in foods and oral medications.
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