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Summary

Introduction. Honey and its elements have a notable role in treating wounds and different skin infections due to their
antibacterial properties. However, an examination of the phytochemicals in honey and how they contribute to its antimicrobial
effectiveness and mode of operation has been carried out.

Objective. The aim of this present review is to outline the existing information on the antibacterial characteristics of
specific phytochemicals discovered in honey.

Materials and methods. To find sources for this research, several databases such as Pubmed, ResearchGate,
Cyberleninka, and eLibrary were explored. The criteria for inclusion were human and animal research, primary studies
(including descriptive and analytical studies, clinical trials), secondary studies (systematic reviews and meta-analyses),
instructional manuals, clinical guidelines and protocols, and full-text publications in both Russian and English.

Results and Conclusion. Many studies have aimed to determine the effectiveness of various components found in
honey against both Gram-positive and Gram-negative microorganisms. Honey has become a popular antibacterial agent due
to the growing concern of antimicrobial resistance. For example, some E. coli bacteria have developed resistance to certain
types of antimicrobial drugs, such as third-generation cephalosporins, fluoroquinolones, and aminoglycosides. Therefore,
investigating the antibacterial properties of the chemical components found in honey may be useful in addressing the issue
of antimicrobial resistance.
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BBepeHne. Meq 1 ero aneMeHTbl UrpakoT 3aMETHY0 POITb B JTEYEHUM PaH 1 PasiuyHbIX KOXKHbIX MHGEKUMA bnarogaps
CBOMM aHTUbakTepuanbHbIM CBOMCTBAM. T€M He MeHee, HeoOXoauMO danbHelllee uccnefoBaHue (UTOXMMUYECKMX
BELLECTB B Mefje 1 ero NpOoTUBOMMKPOBHbIX CBOACTB 1 MEXaHU3MOB AEACTBNS.

Llenbto Hactoswero ob3opa sBnsetcs obobuieHne umerowencs wHgopmauu ob aHTUbakTepuanbHbIX CBOWCTBAX
KOHKPETHbIX (IUTOXMMUYECKIX BELLECTB, OBHAPYKEHHBIX B Mege.

Matepuansl u metoabl. [Ins noucka peneBaHTHbIX MCTOYHMKOB ObIMK M3yueHbl HECKOMbKO 0a3 JaHHbIX, Takux kak
Pubmed, ResearchGate, Cyberleninka u eLibrary. Kputepusimm BkntoueHnst Bbinm UCCeaoBaHNS Ha MIOASX U KMBOTHBIX,
nepBuUYHble WUCCMEROBaHWA (BKMOYAs ONWCaTenbHble U aHanUTUYECKWe WMCCNEedOoBaHUs, KMWHUYECKWe WCMbITaHus),
BTOPUYHbIE MCCNefoBaHus (cucTemaTuyeckue 0630pbl U MeTaaHanu3bl), yuebHble Nocobus, KIMHUYECKME PYKOBOACTBA W
MPOTOKOIbI, & TAaKKe NONHOTEKCTOBbIE MYONMKaLMM HA aHTTMACKOM M PYCCKOM Si3blkax.

Pe3ynbTatbl 1 3aknioyenne. MHorve uccnegosaHus Obinm HanpaeneHbl Ha onpegenieHne 3eKTMBHOCTI PasfnyHbIX
KOMMOHEHTOB, COLEpXaluxcs B Mede, NpOTWB TPaMMoNOXKUTENbHBIX W rpaMoOTpULATENbHBIX MUKpOOpraHuamos. Mepn
CTaHOBMTCA NONYNAPHbIM aHTUOaKTEpUanbHBIM CPELCTBOM 13-3a pacTyLueit 06ECNOKOEHHOCT NO NOBOAY YCTONYMBOCTU K
NpOTMBOMMKPOBHLIM Npenapatam. Hanpumep, HekoTopble WTammbl E. coli BblpaboTanu yCTOMYMBOCTb K OMPEAEneHHbIM
TMNaMm NpOTMBOMMKPOOHbIX MpenapatoB, TakuM Kak LedanocrnopuHbl TPETbEr0 NOKOMEHMsl, (PTOPXWMHOMOHLI K
amuHornMko3uapl. MoaTomy nayyeHne aHTMOaKTEpPUANbHbIX CBOMCTB XMMUYECKMX KOMMOHEHTOB, COLEpXKaLLMXCA B Meae,
MOXET ObITb MONE3HbIM AMNS peLeHUs NpobreMbl YCTORYMBOCTY K MPOTUMBOMMUKPODHBLIM MpenapaTam.

Knroyeebie cnoea: med, (beHOMbHbIE KUCIOMbI, aHmMubakmepuanbHoe, aHMUMUKPOOHOE, KuweyHas nasnouqka,
mepanus.
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Kipicne. ban xaHe OHblH, 3nEMeHTTEpi DakTepusiFa Kapcbl KacUeTTepiHe OalinaHbICTbI Xapanapabl XaHe apTypni Tepi
WHeKUMANapbiH emaeyne MaHpiaosl pen atkapagsl. [lereHmeH, 6anaasbl (UTOXMMUANbIK 3aTTap MEH OHbIH, MUKPOGKa
KapCbl KACUETTEPi MEH aCep eTy MexaHU3MAEPI Typanbl KOCbIMLLIA 3epTTeynep Kaxer.

Byn wonyablH, Makcatbl - ocbl Wony Ganparbl 6enrini UTOXUMUANBIK 3aTTapablH, GakTepusira Kapchl KacueTTepi
Typanbl konga 6ap aknapatTbin, KbiCKalla Ma3MyHbl Gonbin Tabbinagb!.

Matepuanpap meH Tacingep. TwicTi gepekkesgepai Taby ywiH Pubmed, ResearchGate, Cyberleninka xaHe eLibrary
cusKTbI BipHeLLe Aepekkopnap isgecTipingi. 3epTTeyre eHridy KpUTepUinepi: agam MeH xaHyaprnapasl 3epTrey, bacTankbl
3epTTeynep (OHbIH illiHAE cuUNaTTamanblk, KSHE aHanuTWUKanblk 3epTTeynep, KIWHWKamblK CblHAKTap), KOCbIMLIA
3epTTeynep (Kykeni wonynap xoHe MeTa-Tanfaynap), OKyfa apHanfaH HyCKaynblkTap, KMMHWKamblK Hyckaynap MeH
xaTTamanap, arbliLLbIH XaHe OpbIC TiNAepiHAEr TONbIK MaTIHAI XapusanaHsiMaap ongpl.

HaTtuxenep MeH KopbITbiHAbI. KenTereH 3eptreynep 6angbiH, KypaMmblHAaFbl 9PTYpPIi KOMMAOHEHTTEPAiH, rpam-OH,
KaHe rpam-Tepic MWUKpoOpraHuaMaepre Kapebl TWIMAINITiH aHbikTayFa OarbiTTanFaH. Mukpobra KapChl TypakTbinblK,
Typanbl anaHaayLWbInbIKTbIH, apTyblHa GainaHbICTbl 6an TaHbiMan bakTepusira Kapcbl areHTke anHanyga. Meicansl, kenbip
E. coli wrampgapblHa KapCbl npenapaTTapablH, kenbip TyprepiHe, MbiCanbl, yliHWI ypnak LUedanocnopuHaepiHe,
(DTOPXMHONOHAAPFA KaHe aMWUHOTNMKO3MATEpre Te3iMAinirH AambiTTbl. COHabIkTaH GanablH, KypamblHAAFbl XUMUSTIBIK,
KOMMOHEHTTepAiH, OakTepusiFa Kapcbl KAaCUETTEpPIH 3epTTey MUKPOBKA KapChl TypakTbiNblk, MICENECH Lelyae nangansi
Bonybl MyMKiH.

Tylin ce3dep: 6an, (heHoN KblKbINOapsl, 6akmepusiFa Kapcbl, MUKpobka Kapckl, E. coli, mepanus.
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Introduction

In the light of growing concern of antimicrobial
resistance, the search for alternative antibacterial agents is
a global biomedical issue. Infections caused by antibiotic-
resistant strains are linked directly to the impaired quality of
life, generalized bacterial infections and sepsis, the growing
rates of recurrent infections, high frequency of failures in
treatment strategies, increased risk of complications,
worsening of disease course, and death [16]. According to
2019 Antibiotic Resistance Threats Report, more than 2.8
million people get the antibiotic-resistant infections annually
in USA, and at least 35,000 patients die as a result [3]. In
comparison, more than 2 million infections occurred in the
United States in 2013, and the number of AMR-related
deaths was 23,000 [1]. Recently, two new AMR indicators
were included to The Sustainable Development Goals
(SDGs) monitoring groupwork: the frequencies of
bloodstream infections caused by methicillin-resistant
Staphylococcus aureus (MRSA); and E. coli resistant to
third generation cephalosporins (3GC). In 2019, the median
rate observed for MRSA was 12.11% (IQR 6.4-26.4) (data
provided by 25 countries) and that for E. coli resistant to
third generation cephalosporins was 36.0% (IQR 15.2-63.0)
(according to data from 49 countries) [2].

Gram-negative skin infections attract great concern due
to the development multidrug resistance whereas there is a
strong deficiency of antibacterial agents to treat them [49].
In condition of severely limited options of therapy Gram-
negative bacteraemia is strongly associated with mortality in
burn patients [35]. E. coli is recognized as the most
common Gram-negative bacterial pathogen, being burden
of both clinical medicine and public health. The current
literature demonstrates the wide range of antibacterial
substances to which E. coli became resistant: penicillins,
first, second and third generation cephalosporins,
aztreonam, cefamandole, cefoperazone, carbapenems,
colistin, and polymyxin B [44]. According Allocati N. et al.
(2013) the antibiotic resistance of E. coli ranges heavily
regarding the country and the group of antibiotics. For
instance, the resistance of E. coli to the third-generation
cephalosporines varied from 3.0 R% in Bosnia and
Herzegovina to 42.0 R% in Turkey. The prevalence of
multidrug resistant E. coli was from 0.8 R% in Iceland to
23.0 R% in Turkey [6].

The group of alternative topical treatments for wound
infections includes allopurinol, dimethyl sulphoxide, silver
sulfadiazine, silver zinc allantoinate cream, povidone-iodine
hydrocolloid, and silver-impregnated charcoal dressings
[42]. In parallel about 20 commercially available medical
grade honey and honey ointments for topical application are

available now [47]. The investigation of the potential
benefits of honey constituents against antibiotic resistant
strains of pathogens is the current agenda of multiple
studies.

Materials and Methods

The approach used for conducting the search involved
searching extensively through two databases, Pubmed and
ResearchGate, for literature written in English. To collect
publications in Russian and Kazakh, two scientific electronic
libraries, eLibrary and cyberleninka, were also utilized.

The aim of the literature review was taken into account
while using MeSH, which is a controlled vocabulary
thesaurus managed by NLM, to retrieve specific terms.
Based on this, a search strategy was developed using
logical operators such as AND, OR, and NOT. The key
words  “honey’, ‘“phenolic acids’, ‘“antibacterial /
antimicrobial’, “E. Col/”, “therapy”.

To find relevant information for our search, we looked
for complete texts in both English and Russian languages,
conducted animal and human trials, and collected primary
data such as analytical and descriptive studies, randomized
and non-randomized clinical trials, as well as secondary
data such as meta-analyses and systematic reviews. We
also considered instructional methodological manuals,
clinical guidelines, protocols, and recommendations. Along
with digital materials, we also included information from
printed versions of textbooks and monographs. Initially, two
co-authors (LK. and AK.) independently searched and
selected articles based on the inclusion criteria. We then
screened titles and abstracts and excluded articles that did
not meet the criteria, ultimately selecting 48 English
publications for analysis in this literature review.

Results and Discussion

Evidence of antimicrobial activities of honey

The antibacterial activity of honey was documented in
numerous research papers. The constituents of honey have
different activities against multiple microorganisms including
pathogens resistant to conventional antibiotics. Exposure
with Manuka honey demonstrated its efficacy against S.
aureus, Salmonella typhimurium, E. coli, Pseudomonas
aeruginosa and Bacillus subtillis [29,30,15]. Some in vivo
studies showed that honey also may inhibit the growth and
reproducton of MRSA and vancomycin-resistant
enterococci (VRE) [31,18]. Furthermore, honey constituents
are capable to suppress the bacterial activity in biofilms.
Biofilms are the structures formed from microbes and their
products composing together the extracellular polymeric
substance matrix (Pubmed, Mesh). Lu J. et al. (2014) found
that manuka honey may inhibit the biofiim development
even at low concentrations. The biomass of matrix might be
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killed by manuka honey constituents due to its bacteriocidic
properties. Authors suggested that this type of antimicrobial
activity of manuka honey could be used for the treatment of
chronic wounds and ulcers [30]. Besides in vivo studies
some experiments in animals were also conducted. For
instance, different concentrations of Manuka honey or its
combination with methylglyoxal (MGO) were investigated
regarding to their biofilm suppression activity in sheep
frontal sinuses. It was revealed that the abovementioned
substrates are efficacious for treatment of biofim
associated sinusitis in animal models [45]. Clinical studies
on honey efficiency for skin infections and wounds are
limited by some case reports only. Further high-quality
research in clinical settings might be arranged for getting
some robust clinical data and enhanced evidence on
honey’s efficiency and safety issues in humans [12].
However, the systematic review based on the analysis of 26
studies showed that the use of honey dressings might be
beneficial for the quicker re-epithelization of burns. Also
honey dressings appeared to be an effective option for the
prevention of local infections in postoperative wounds [23].
The synergistic effect of honey phytochemicals
Since ancient times, honey has been considered as a
natural substance with a wide range of therapeutic effects.
The flavonoids and polyphenolic compounds contained in
the honey can play an important role for human health due
to their high antioxidant and anti-inflammatory effects [9].
Moreover, a number of authors noted about the antidiabetic
activity of honey, which is associated with decline of the
concentration of glucose, fructosamine and glycosylated
hemoglobin in the blood serum [7]. Honey also has a
protective effect for the cardiovascular system, where it
mainly prevents oxidation of low-density lipoproteins [8].
However, the most important effect of honey is presented
with its high antibacterial activity. The synergistic work of
honey components allows it to combat actively with various
types of microorganisms, including multidrug-resistant
bacteria [20]. The effectiveness of honey against
microorganisms depends on the type of its botanical origin,
the health of the bee, its origin and processing methods
[14]. Nowadays, the most studied and used one in medical
practice is New Zealand manuka honey. It is obtained from
nectar collected bees (Apis mellifera) feeding on the
manuka tree (Leptospermum scoparium) growing in
Australia and New Zealand. Manuka honey is used in the
pharmaceutical industry to treat different diseases,
superficial and chronic wounds, and burns [22].
Antibacterial effect of honey is still unclear. Some authors
believe that several components which identified in honey
contribute its antimicrobial activity, such as high sugar
content, low water activity, low pH, and the formation of
hydrogen peroxide during dilution. Among numerous
phytochemicals methylglyoxal (MGO) has been identified as
the dominant antimicrobial component of manuka honey
[28]. Based on this fact, some researchers studied the
combining effects of honey with antibiotics on antimicrobial
activity in vitro [38]. Karayil S. et al. (1998) were the first
who reported about the synergistic effect of honey and
antibiotics. In their report researchers studied several
bacterial strains of Pseudomonas and Klebsiella species
isolated from various samples to test the antibacterial effect
of Indian honey in vitro on the principle of Minimum

Inhibitory Concentration (MIC) and its synergy with 3
antibiotics — gentamicin, amikacin, ceftazidime. The ratio of
honey and antibiotics in the study was 1:1. A synergistic
effect was observed in case of Pseudomonas aeruginosa,
but not against Klebsiella species [24]. In another study, the
authors evaluated the antimicrobial effect of honey on
organisms isolated from infected burns in comparison with
some antibiotics. In addition, they evaluated the effects that
occur when bee honey is added to antibiotic discs.
According to the results of the study, the antimicrobial effect
of honey was significantly higher than ciprofloxacin,
sulbactam/ampicillin, ceftriaxone, and vancomycin. Honey
also had a greater inhibitory effect on isolated gram-
negative bacteria (P. aeruginosa, Enterobacter spp.,
Klebsiella) and on methicillin-resistant S. aureus compared
to the used antibiotics [4]. Other authors have tried to
determine the effect of manuka honey on oxacillin
resistance in methicillin-resistant S. aureus (MRSA). As a
result, the researchers found that manuka honey and
oxacillin interacted synergistically, inhibiting MRSA [21]. A
little later, these researchers continued to search for
additional synergistic combinations of antibiotics and
manuka honey which might be helpful in treatment of
wounds. They tested 15 antibiotics with and without
subinhibitory concentrations of manuka honey against both
of MRSA and P. aeruginosa. The most significant results
were in the combination of tetracycline and manuka honey,
which demonstrated increased activity against MRSA and
P. aeruginosa. Rifampicin and manuka honey showed an
enhanced effect against MRSA when they were tested
using disk diffusion assay and E-strip, but no synergism
was observed using broth dilution assay. Similarly, the
combination of imipenem and manuka honey was
synergistic with respect to MRSA, but not with P.
aeruginosa, which suggests a species-specific effect [22]. In
a recent study, Hayes G. et al. (2018) demonstrated that
manuka honey and its component MGO, separately
increase the sensitivity of S. aureus to linezolid in agar
diffusion and in microdilution assays. Linezolid is effective
antibiotic against many Gram-positive bacteria, especially
S. aureus, and acts by inhibiting bacterial protein synthesis.
The authors showed that MGO increased intracellular
accumulation of linezolid in bacterial cells. These data
proved that manuka honey and its active ingredient MGO
could be used as an antibiotic supplement [19].

Bacterial biofilms are the essential cause of chronic
wound infections. Biofilms very poor respond to
antibacterial therapy due to the fact that bacterial cells are
protected in the biofilm, and it becomes more difficult to
control and eradicate them [28]. In this regard, a number of
researchers have developed new approaches to combat
with biofilms in chronic wounds based on the interaction of
honey and antibiotics. For example, Campeau M.E.M. and
Patel R. (2014) found that manuka honey had a synergistic
interaction with vancomycin against S. aureus biofilms and
an additive interaction with gentamicin against P.
aeruginosa biofilms [11]. Merckoll P. et al. (2009) showed
that Norwegian honey eliminated biofilms due to its biocidal
potential and was effective in treating wounds [39]. Another
study reported about the synergism of Portuguese honey
with phage therapy. The results of this study showed that
the addition of a phage to a low concentration of honey,
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even in four times dilution, had the antibacterial activity
against E. coli. Thus, the authors proved that Portuguese
honey had excellent antibiofilm activity and could be utilized
as the alternative therapeutic agent for wound infection
associated with biofilm [43]. In several studies it was
reported that bacterial biofilms of Streptococcus pyogenes,
Streptococcus mutans, Proteus mirabilis, P. aeruginosa,
Enterobacter cloacae, and S. aureus were removed by
manuka honey [48,32,33].

There are very few studies in the literature which
examined the synergistic effects of honey and antibiotics in
clinical settings. Mat Lazam N. et al. (2013) investigated the
effect of Tualang honey on improvement of the wound
healing process in patients after tonsillectomy. In their
prospective study, patients aged from 9 to 11 years were
divided into two groups. The main group received treatment
in the form of honey and sultamicillin, while the second
group received treatment with antibiotic only. As a result, in
the main group wound healing was significantly faster than
in the control group. Thus, the authors concluded that
Tualang honey had a positive effect on accelerating the
healing process of wounds in patients after tonsillectomy
[36]. There are also several clinical cases in which the use
of honey dressings relieved the condition of patients with
trophic ulcers of the lower extremities and feet [34,41].
Obviously, additional studies to determine the clinical
efficacy of honey and antibacterial drugs in vivo are
needed. In general, the use of honey in medical institutions
has provided economic benefits by reducing direct costs
compared to traditional methods of treatment and has
decrease the use of antibacterial drugs, which often lead to
antibiotic resistance [40].

Investigation of honey and its constituents against
E. coli

There are several studies dedicated to the testing the
hypothesis of antibacterial properties of honey compounds
against E. coli. Mavric E. et al. (2008) reported the results of
qualitative and quantitative analysis of Manuka honey
constituents in terms of its antimicrobial potency against E.
coli and S. aureus. Authors found that the most noticeable
antibacterial activity was identified for methylglyoxal (MGO),
which was expressed by a MIC (minimum inhibitory
concentration) value of 1.1 mM for both bacteria. This
finding allowed to conclude that MGO was determined as
the most important bioactive substance in New Zealand
Manuka honey [37]. Later, Rabie E. et al. (2016)
demonstrated the ultrastructural mechanisms of action of
MGO against E. coli. At concentration of 0.5 mM MGO,
microbial structure was unimpaired. At concentration of 1
mM MGO E. coli had started to loss fimbriae and flagella.
The abovementioned structured appeared stunted and
fragile. At concentration of 2 mM MGO fimbriae and flagella
were totally lost whereas E. coli became of rounded shape,
and the bacterial membrane lost its integrity. The loss of
fimbriae and flagella due to MGO exposure leads to the
reduced adherence and motility of bacteria [46].

In 2007, George N.M. and Cutting K.F. conducted the
in-vitro study of antibacterial properties of the standardized
honey (Medihoney) against wide range of the multiresistant
Gram-positive  and  Gram-negative ~ microorganisms
including ESBL (extended spectrum B-lactamases)
producing strains of E. coli. They found that 8/10 ESBL

producing strains of Escherichia coli (80%) were inhibited at
6% viv. The remaining 2 strains (20%) were inhibited at 8%
vlv. For comparison, concentrations of 14% v/v were
required to inhibit 17/20 (85%) of test isolates of P.
aeruginosa. The remaining 3 strains were inhibited at a
lower concentration of 12% [17].

Lee J.H. et al. (2011) reported that low concentrations
of acacia and polyfloral honeys, such as in honeyed water,
may act as an efficient alternative for prevention and
treatment of wounds infected with pathogenic E. coli
0157:H7. The mechanism of action of 0.5% concentration
of Korean honeys was explained with the reduced biofilm
formation and the inhibited expression of quorum sensing
genes and virulence genes in E. coli O157:H7. Authors
presented glucose and fructose containing in the
investigated honeys as the main antibacterial components
[26]. Kumar N.D. et al. (2014) compared the antimicrobial
potency of Manuka honey against E. coli (ATCC 25922) in
comparison with the conventional endodontic disinfectants.
It was demonstrated that 5.25% NaOCl, 2% CHX, 0.2%
CHX, Net Manuka honey are bactericidal while Ca (OH)2,
Honey 1:2 dilution, Honey 1:4 dilution are bacteriostatic
based on the death rate constant values. Authors
concluded that Manuka honey containing medications might
be used as a potential root disinfectant [25].

The broth microdilution assay as a method for the
investigation of the antibacterial properties of honey against
E. coli was utilized in several studies. Brudzynski K. (2007)
analyzed the antimicrobial characteristics of 42 samples of
Canadian honeys against E. coli (ATCC 14948).
Researcher measured the MICso and MICq in correlation
with endogenous H202 concentrations. It was found that
both MICso and MICq significantly inhibited the growth of E.
Coli, and the activity was positively correlated with the H202
content [10]. Lu J. et al. (2013) used the broth microdilution
assay for the determination of the antibacterial activity of
the range of concentrations of clover honey and a suite of
manuka and kanuka honeys against four bacteria including
E. coli. Authors also investigated the contribution of
hydrogen peroxide to the antimicrobial potency of honey.
They found that the content of hydrogen peroxide was
associated with the antibacterial activity of the manuka and
kanuka honeys; and it was never essential for complete
growth inhibition E. coli [29].

The disc and well diffusion assays are also popular
methods for the investigation of antimicrobial properties
against E. coli. Akujobi C.0. et al. (2010) reported that the
high concentration of Nigerian honey was a strong predictor
of its activity against E. coli. Also, they found that well
diffusion assay was more accurate test than disc diffusion
assay for the measurement of the antibacterial capacity of
honey [5]. Chau T.C. et al. (2017) used disc diffusion assay
and 96-well microliter plate assay for the comparison of the
antibacterial properties of the Manuka honey extract and
unfractioned honey against E. coli. They reported the higher
antimicrobial capacity for unfractioned honey whereas the
honey extract demonstrated antioxidant properties [13].

Conclusion

The antibacterial activity of several honey constituents
against the  Gram-positve and  Gram-negative
microorganisms is the meaningful aim of multiple studies.
The emergence of honey as an antibacterial agent is in
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large part due the expanding problem of the antimicrobial
resistance. E. coli isolates were recognized resistant to
some antimicrobial groups including third generation
cephalosporines, fluoroquinolones, and aminoglycosides.
Thus, the determination of antibacterial properties of honey
chemical constituents may help to address the issue of the
antimicrobial resistance.
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