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This thesis presents results from a two part, prospective study using honey 

collected from Guelph and surrounding area in southwestern Ontario. The first part 

determined the antibacterial of honey by collecting 26 samples of honey over two 

summers (2011-2012) and conducting microbroth and agar dilution assays and comparing 

the results to those of the criterion standard, Medihoney™ (100% manuka honey paste). 

Some honey samples from southwestern Ontario had antibacterial activity that was not 

significantly different from that of Medihoney™. The second part evaluated the effects of 

storage and gamma irradiation on the antibacterial activity of highly antibacterial honeys. 

It was found that storage for 8 months at 4°C and -20°C reduced the antibacterial activity 

of honey. The antibacterial activity of honey was not altered after gamma irradiation.
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1.0 INTRODUCTION 

 

With bacterial resistance to traditional antibacterial agents documented in both 

human and veterinary medicine, it has become necessary to investigate alternatives to 

commercial pharmaceuticals. Honey contains antibacterial compounds that are effective 

in inhibiting or killing a broad spectrum of bacteria (Bang et al., 2003; Mavric et al., 

2008) and has been investigated as an alternative to pharmaceutical wound healing 

products in various parts of the world (Subrahmanyam, 1998; Lotfy et al., 2006; 

Visavadia et al., 2009). A broad spectrum of antibacterial activity is valuable as many 

types of bacteria can pose a problem in open wounds and can impede or delay healing 

(Simon et al., 2009). Certain plants can confer high antibacterial activity to the honey; 

however, there has been very little evidence to support a Canadian honey botanical 

source that is able to provide superior, broad spectrum antibacterial activity to honey 

(Brudzynski, 2006). Manuka honey, derived from the Leptospermum spp. plant has been 

shown to be antibacterial at low concentrations when compared with other types of honey 

(Molan, 2006).  

Medihoney™ [a manuka honey based topical antibacterial preparation (Derma 

Sciences Inc., Toronto, Ontario)] and other medical honeys provide a low cost and 

effective topical wound treatment option. However, variability in composition of honeys 

from all over the world leaves the possibility of new discovery with regard to 

antibacterial treatments. It was only recently discovered that manuka honey contained 

high levels of methylglyoxal and that methylglyoxal contributes to the antibacterial 

activity of these honeys (Mavric et al., 2008; Adams et al., 2009). This is a unique 

property of manuka honey shared with only a few other types of honey that have been 
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studied for medicinal use (Kwakman et al. 2011). This suggests that honeys produced in 

other areas of the world may have their own unique antibacterial compounds that could 

be isolated and investigated for potential application in antibacterial products.  

This research project investigated the level of antibacterial activity in a subset of 

honeys from southwestern Ontario to determine whether honey from this region has 

similar or different antibacterial activity when compared with the only medical grade 

honey, manuka honey from New Zealand and Australia (Medihoney™), which is 

approved for use in several countries including Canada.  It was important to identify 

optimal conditions for preserving the antibacterial activity of honey. One article in which 

there was limited examination of storage conditions for Ontario honey has been published 

(Brudzynski and Kim, 2011); we extended the investigation on the effects of storage on 

antibacterial activity. It is desirable to have a sterile honey for application to wounds and 

gamma irradiation for the sterilization of medical grade honey has been studied 

previously (Molan and Allen, 1996). However, the antibacterial components in the 

various honeys can differ; therefore, the effects of gamma irradiation on the antibacterial 

activity in Ontario honey required investigation and were included in this study. The 

botanical origins of plants can play an important role in determining the antibacterial 

components and the activity of honey (Molan, 2006). Pollen analysis has not been used 

extensively to correlate the botanical origins with the antibacterial activity of a Canadian 

honey (Brudzynski, 2006). Pollen analysis was therefore included in this study as a 

potential test for plant origin of effective Ontario honeys.  

 The research reported in this thesis is designed to i) identify southwestern 

Ontario honeys with high antibacterial properties, ii) investigate storage methods and the 
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effect of gamma irradiation on these honeys, and iii) evaluate pollen analysis as an aid in 

identifying the plant sources of the most efficacious honeys. The overall goal of this 

study was to contribute scientific information on the antibacterial effects of Ontario 

honeys, which can supplement clinical observations at the Ontario Veterinary College in 

managing wounds with honey, and can be initial steps in identifying a medical grade 

Ontario honey. 
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1.1 GOALS OF THE STUDY 

 

This prospective study was conducted at the University of Guelph, Ontario Veterinary 

College with the following objectives: 

(i) to identify southwestern Ontario honeys with high antibacterial properties 

(ii) to investigate storage methods and the effect of gamma irradiation on 

these honeys, and 

(iii)  to evaluate pollen analysis as an aid in identifying the plant sources of the 

most efficacious honeys. 
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1.2 LITERATURE REVIEW 

1.2.1 Introduction 

 For several decades, naturally sourced antimicrobial agents have been investigated as 

replacements for current pharmaceutical antimicrobials and biocides; this is increasingly 

the case as bacteria continue to acquire resistance to treatments (Visavadia et al., 2009). 

These natural alternatives have been shown, in many cases, to have greater or equal 

efficacy when compared with other antimicrobials in tests against many species of 

bacteria and against multidrug resistant bacteria (Lusby, 2002; Molan, 2006; Viuda-

Martos et al., 2008; Blair et al., 2009). While many products have been shown to possess 

some antimicrobial activity, honey in particular appears to be a clinically effective 

antimicrobial agent. The formal discovery of the antibacterial activity in honey was made 

in 1892 by Dutch Scientist Van Ketel (Dustmann, 1979; Mohapatra et al., 2011), who 

demonstrated that honey was capable of ‘sterilizing’ wounds.  In human medicine, honey 

has been effective in treating burns, skin ulcers and other lesions (Subrahmanyam, 1998; 

Lotfy et al., 2006; Molan, 2006). A veterinary laboratory study using rabbits 

demonstrated that raw honey applied to open surgical wounds accelerated healing when 

compared to controls. In addition, microabscessation was noted in the controls but absent 

in the honey group (Oryan and Zaker 1998). Veterinary and human medical reviews have 

also highlighted the healing capabilities of honey in both human and animal wounds 

(Mathews and Binnington, 2002a; Simon et al, 2009).  

Ancient Egyptians used honey for a variety of wound treatments (Simon et al., 

2009). Orally administered honey has also been used for treatment of chest pains, fatigue 

and vertigo (Meda et al., 2004); however, appropriate well-controlled trials were not 
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conducted to assess effectiveness against these ailments. Prior to the early 1940’s, various 

plant-sourced products were used to treat infections; however the development of 

antibiotics in the 1940’s revolutionized the practice of medicine (Khan et al., 2007). 

Antibiotics have been used consistently to prevent and treat infections; consequently, 

over the past 10 years the prevalence of antimicrobial resistant bacteria has risen 

significantly in both human and veterinary medicine, making it essential to research 

alternative treatments to prevent and manage infections (Moellering, 1998; Weese, 2008). 

Recent reports in the human literature have evaluated the antimicrobial activity and the 

use of honey in the treatment of wounds and burns (Subrahmanyam, 1998; Lusby, 2002; 

Molan 2006; Khan et al., 2007). A veterinary case report also demonstrated the 

antibacterial and healing properties of honey in treating severe burns (Mathews and 

Binnington, 2002). Continued clinical research is necessary to confirm the laboratory 

findings of antibacterial and wound healing properties of honey when applied to naturally 

occurring soft tissue injuries. 

Although Medihoney™ and other medical honeys provide a low cost and 

effective treatment option, the variability in compound composition within honeys from 

all over the world leave the possibility of new discovery with regard to antibiotic 

treatments. This suggests that honeys produced in other areas of the world may have their 

own unique compounds or antibacterial activity that could be isolated and investigated 

for potential application in antibiotic products. Identifying new antibiotic compounds or 

mechanisms is important largely due to the rise of antibiotic resistance. Discovery of new 

antibacterial activity in honey could lead to more treatment options for infections. 
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1.2.2 Bacteria in wounds 

Infected open wounds can harbour a broad spectrum of bacteria, which include 

Enterococcus spp., Escherichia coli, methicillin-resistant Staphylococcus aureus 

(MRSA), methicillin-resistant Staphylococcus pseudintermedius (MRSP), Pseudomonas 

aeruginosa, Staphylococcus aureus, and Staphylococcus pseudintermedius (Weese, 

2008). Clinical evidence and laboratory findings support the use of honey in eliminating 

many of these bacteria that are frequently found in wounds, however additional research 

should be conducted to support and improve existing evidence (Miorin et al., 2003; 

Basualdo et al., 2007; Kwakmanet al., 2008; Blair et al., 2009; Lin et al., 2009; Gulfraz et 

al., 2011; Henriques et al., 2011). Eliminating bacteria from wounds enhances healing, 

reduces the probability of bacteremia and decreases the spread of these bacteria in the 

environment and to other patients (Simon et al., 2009).  

In selecting a topical wound management strategy, consideration should be given 

to its effect on the major stages of wound healing.  Ideally, clean wounds heal through 

four overlapping stages of tissue repair beginning immediately after tissue injury (Grice 

and Segre, 2012). The first stage involves coagulation, in which a fibrin plug forms and 

growth factors and cytokines are released. The inflammation stage of the wound occurs 

immediately after coagulation, and is stimulated by the presence of pro-inflammatory 

cytokines leading to formation of early granulation tissue. In the third stage, migration 

and proliferation of keratinocytes and extracellular matrix occur, as the wound contracts 

in preparation for closure. Finally, the new tissues are contracted further as the collagen is 

remodeled and tensile strength of the new tissue is increased (Singer and Clark, 1999; 

Grice and Segre, 2012). Infection can interfere with all stages of this healing process. The 
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treatment method chosen must also consider the risks of cytotoxicity, adverse reactions, 

antimicrobial resistance, and delayed healing. Certain biocides and antibiotics have the 

potential to damage tissues and impede wound healing when they are used at high 

concentrations (McDonnell and Russell, 1999; Fleck, 2006). 

The terms antimicrobial resistant, methicillin-resistant and multi-drug resistant 

apply to bacteria that have developed resistance to certain biocides and antibiotics due to 

modification of their genome (Mazel and Davies, 1999; Knudsen, 2001). Remarkable 

advancements in medicine over the past 60 years have facilitated the control of many 

human and animal diseases throughout the industrialized world. Antibiotics in particular 

have reduced the threat of many pathogens for both humans and animals. After their 

discovery in the early 20
th

 century, antibiotics were introduced into medical practice; 

however, within a few years they were produced and delivered in mass quantities by 

pharmaceutical companies (Khan et al., 2007). Antimicrobials that were newly 

introduced into clinical practice were highly successful because target bacteria tended to 

be susceptible. However, use of antimicrobials has led to selection of bacteria that have 

acquired various adaptive mechanisms, and bacterial resistance to many frequently used 

antimicrobials is now common; strains of numerous pathogens have become resistant to a 

wide range of antimicrobials (Mazel and Davies, 1999; Aarestrup, 2005; Arias and 

Murray, 2009; Weese and van Duijkeren, 2010).  

Antimicrobial use has resulted in selection pressure under which susceptible 

bacteria perish or adapt over time by acquiring mechanisms of resistance (Armstrong, 

1986; Knudsen, 2001; Salmond and Welch, 2008; Toprak et al., 2012). Antimicrobial 

resistance can arise in many ways and in all strains of bacteria. For example, 
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Mycobacterium tuberculosis develops streptomycin resistance through mutation of 

bacterial DNA (Mazel and Davies, 1999).  

  Enterococcus is a Gram-positive bacterium commonly found in the digestive tract 

of animals. Two species that are usually found in disease are Enterococcus faecium and 

Enterococcus faecalis (Weese, 2008).  Infections with enterococci can be very difficult to 

treat, as the organism is intrinsically resistant to many antimicrobials and can persist in 

host digestive tracts and in hospital environments for long periods. Some E. faecium and 

E. faecalis strains have the ability to resist vancomycin and gentamicin (McDonnell and 

Russell, 1999). Vancomycin-resistant enterococci (VRE) are particularly difficult to 

manage in clinical situations, as there are few options for treatment (Weese, 2008). 

Escherichia coli is a facultative anaerobic, Gram-negative bacterium, which is 

present in the majority of animal intestinal tracts.  The majority of E. coli strains are 

considered commensal and not harmful; however, there are many pathogenic types and E. 

coli is frequently an opportunistic pathogen. Pathogenic E. coli are involved in diarrheal 

diseases, septicemia, urinary and genital tract infections, and mastitis (Gyles and 

Fairbrother, 2010).  Escherichia coli can also colonize open wounds (Weese 2008; Gyles 

and Fairbrother, 2010). The in vitro susceptibility of E. coli isolates to antimicrobials 

varies considerably and some isolates are resistant to all classes of antimicrobials that are 

in common clinical use (Schultsz and Geerlings, 2012). Plasmid genes that encode 

extended-spectrum β-lactamases (ESBLs) and carbapenemases and resistance 

mechanisms against aminoglycosides and fluoroquinolones, combined with 

chromosomally-encoded resistance genes, have led to extensive antimicrobial resistance 

in E. coli.   
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Methicillin-resistance is of particular clinical significance for Staphylococcus 

because it is a marker for resistance to all the β-lactam antibiotics, all of which act by 

binding to penicillin-binding proteins (PBPs) that are involved in bacterial cell wall 

synthesis. Staphylococcus species become methicillin-resistant by acquiring the mecA 

resistance gene that encodes PBP2a, a penicillin-binding protein with a decreased affinity 

for most β-lactam drugs. The mecA gene is found on mobile genetic elements, known as 

SCCmec elements. In humans, vancomycin has been commonly used to treat infections 

with methicillin-resistant S. aureus (MRSA). However, some MRSA isolates have now 

become resistant to vancomycin as the result of the expression of vanA, which alters the 

binding sites for the drug in the cell wall (Tenover, 2006).  

Pseudomonas aeruginosa is a Gram-negative opportunistic pathogen of interest in 

both human and animal medicine. In humans, P. aeruginosa commonly infects 

immunocompromized patients and those with traumatic wounds and burns, surgical 

wounds, or indwelling devices, such as urinary catheters (Westman et al., 2010). Almost 

all known mechanisms of resistance to antimicrobial agents can be found in this organism 

(Strateva and Yordanov, 2009). The intrinsic resistance of this organism to a wide range 

of antimicrobial agents and biocides, combined with the ability to acquire antimicrobial 

resistance genes and grow on minimal substrates over a broad temperature range, allows 

survival of the organism in hospital environments.  The high intrinsic resistance of P. 

aeruginosa to antimicrobial agents has been attributed to its outer cell membrane, efflux 

pumps, and enzymes that detoxify antimicrobials, as well as to several poorly defined 

factors (Alvarez-Ortega et al., 2011). Acquisition of plasmids and mutations in plasmids 

are partly responsible for increasing resistance of P. aeruginosa to 3
rd

 and 4
th

 generation 
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cephalosporins and carbapenems (Pfeifer et al., 2010). Furthermore, the organism has the 

ability to form biofilm during chronic infection, rendering it more resistant to 

antimicrobial agents.  

While much attention has been paid to S. aureus as a resistant species, S. 

pseudintermedius is the species that is most frequently implicated in disease in dogs 

(Bannoehr et al. 2007; Hanselman et al., 2008). Prior to 2005, the coagulase-positive 

Staphylococcus most commonly isolated from dogs was called S. intermedius. It now 

appears that most of these isolates were S. pseudintermedius. Therefore, S. 

pseudintermedius is highly under-estimated in the earlier literature as a cause of 

morbidity in dogs (Sasaki et al., 2007a, 2007b) 

1.2.3 Antibacterial activity of honey 

Honey, a product resulting from the physical and biochemical transformation of plant 

nectar collected by honeybees, has been used for centuries as an antibacterial healing 

agent. Honey is primarily a carbohydrate solution that contains high concentrations of 

glucose and fructose, along with water and small quantities of phytochemicals (Olaitan et 

al., 2007; Nasir et al., 2010). Early Greeks and Romans used honey as a wound-healing 

agent and multi-purpose medical ointment. Ancient medical and religious texts, including 

the Koran, praise the use of honey in treating everyday ailments (Lusby, 2002). After the 

emergence of pharmaceutical antibiotics, honey was rarely used as a treatment for open 

wounds. Continued use of traditional antimicrobials has resulted in selection of drug-

resistant bacteria. However, honey still appears to be effective against most microbes. 

(Miorin et al., 2003; Basualdo et al., 2007; Kwakman et al., 2008; Blair et al., 2009; Lin 

et al., 2009; Gulfraz et al., 2011; Henriques et al., 2011) 
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A broad spectrum of bacteria has been shown to be susceptible to the effects of 

honey including more resistant types, such as Gram-negative bacteria (Hannan et al., 

2004).  Honey has also been effective in killing fungal species in addition to bacterial 

species. Infections with Candida species have been escalating in recent years (Irish et al., 

2006). It has been shown that honey is a powerful anti-fungicide when used in vitro 

against Candida fungi. Since honey is proficient in killing fungi and bacteria, it could 

reduce the need to use multiple antimicrobials to treat infections (Irish et al., 2006). 

Researchers in medical and veterinary communities have recently become more 

aware of the potential benefits that honey has to offer patients suffering from open 

wounds and burns. Evidence of the value of honey in treatment of wounds has been well 

documented, and there have been several clinical studies and case report that have 

demonstrated the effectiveness of honey (Subrahmanyam, 1998; Mathews and 

Binnington, 2002a; Lotfy et al., 2006; Malik et al., 2010).  

 The mechanisms of the antibacterial components in honey are not fully understood; 

however, several antibacterial properties have been documented and researched. The 

following properties have been studied and established as antibacterial properties of 

honey: osmolality, glucose oxidase activity, and methylglyoxal content. The most 

researched property of honey is the osmolality created by its high sugar content. Sugar 

alone has also been associated with high healing rates when used as a topical antiseptic 

for infected wounds (Archer et al., 1987,1990; Seal and Middleton, 1991; Dawson, 1996; 

Tovey, 2000). The scientific basis for sugar as an antibacterial agent is based on the 

highly osmolar environment created when it is applied to wounds. As sugar dissolves in 

the tissue fluid of a wound, it creates an environment of low water activity. As bacteria 
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must maintain a minimum threshold of water activity to survive, a wound treated with 

sugar would result in inhibited bacterial growth. Many of the healing properties of sugar 

and honey are very similar (Kamat, 1993; Mathews and Binnington, 2002a, 2002b). 

However, when honey and sugar are compared as wound healing agents, honey reduces 

infection more quickly than sugar due to the additional antibacterial mechanisms present 

in honey (Radwan et al., 1984; Cooper et al. 2002; French et al. 2005). 

Inhibition of growth by treatment with honey has been documented in S. aureus. 

Cooper et al. (1999) tested both New Zealand pasture and manuka honeys against 58 

strains of S. aureus species isolated from infected wounds. Both honeys were inhibitory 

to the isolates. The minimum inhibitory concentrations (MICs) for manuka and pasture 

honeys were between 2 and 3% (v/v) and between 3 and 4% (v/v) respectively. Both 

were extremely potent at low dilutions, suggesting that the honeys would be inhibitory at 

seven- to fourteen-fold dilution, beyond the point where osmolality would be the 

predominant cause of antibacterial activity (Cooper et al., 1999). 

Similar results were demonstrated with coagulase-negative Staphylococcus. The 

MICs of manuka and pasture honeys were 3.4% ± 0.5% (v/v) and 3.6% ± 0.7% (v/v) 

respectively. A sugar syrup control was also used in this experiment; however, as 

demonstrated above, MIC results for the sugar syrup control were much higher at 29.9% 

± 1.9%. The sugar syrup consisted of 38.4 g of fructose, 30.3 g of glucose, 1.3 g of 

sucrose, 8.6 g of maltose and 1.4 g of maltodextrin with 17.2 mL of distilled water to 

mimic the sugar content of honey. It was demonstrated in this study that osmolality was 

not the only factor affecting the antibacterial activity of this honey (French et al. 2005). 

These results have also been validated in studies that used multi-drug resistant isolates 
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(Cooper et al, 2002; Kwakman et al. 2008; Voidarou et al., 2011; Mandal and Mandal, 

2011). Research has also been conducted (Cooper et al., 2002) using methicillin-resistant 

S. aureus and seven strains of vancomycin-sensitive enterococci. MIC’s for manuka and 

pasture honey were well below 10%, but the concentration of the sugar control was about 

three times that to achieve comparable results to the honey treatments (Cooper et al., 

2002). 

Other antibacterial substances in honey have been described. The term “inhibine” 

was established in a paper by Dold et al. (1937) to describe light and temperature 

sensitive antibacterial substances in honey without further identification of the chemical 

properties. The most important inhibine that has been studied in recent years is the 

hydrogen peroxide production system in honey (Mavric et al., 2008). In honey, hydrogen 

peroxide is continuously produced by activity of the glucose oxidase enzyme. Glucose 

oxidase produces hydrogen peroxide and gluconic acid from glucose upon dilution of 

honey (Bang et al., 2003).  

At high concentrations, hydrogen peroxide can pose a problem for wound healing; 

however, in honey, hydrogen peroxide is present at such low levels that it does not cause 

tissue damage.  The concentration of hydrogen peroxide that is produced over an hour is 

about 1,000 times less than that found in hydrogen peroxide solutions that are commonly 

used as an antiseptic (3%) (Hyslop et al.,1995). At 3% hydrogen peroxide, which is 

considered bactericidal, mammalian tissues can be damaged. Concentrations of hydrogen 

peroxide as low as those in honey are considered bacteriostatic after 60-minute exposures 

(Hyslop et al., 1995). The accumulated hydrogen peroxide release that occurred in honey 

after dilution was at its maximum at concentrations from 30% to 50% (v/v) with 50% or 
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more of these maximum production levels occurring between 15% and 67% (v/v). This 

corresponds to a 10 cm X 10 cm wound dressing with 20 mL of honey becoming diluted 

with 10 mL to 113 mL of wound exudate (Bang et al., 2003).  

 Certain honeys contain methylglyoxal (MGO), an alpha-oxoaldehyde that reacts 

with macromolecules such as DNA, RNA and proteins (Blair et al., 2009). A team of 

researchers in Amsterdam investigated the roles of MGO, bee-defensin-1 and hydrogen 

peroxide in the antibacterial activity of honey on a number of bacterial isolates 

(Kwakman et al., 2010). These researchers reported how “Revamil®” medical-grade 

honey killed bacteria. They determined that this honey, at dilutions of 10-20% (v/v), 

killed a wide range of bacteria, including P. aeruginosa, MRSA, E. coli, E. faecium, and 

Bacillus subtilis. The researchers used stepwise neutralization of each of the above 

factors to demonstrate that they all contributed to the antibacterial activity of honey and 

that sugar and low pH were the remaining antibacterial factors (Kwakman et al., 2010; 

Kwakman and Zaat, 2012).  Interestingly, hydrogen peroxide, MGO, and bee defensin-1 

differed in their activity against specific bacteria, and it was the combination that was 

responsible for the broad-spectrum activity of honey. When tested against B. subtilis, 

neutralization of MGO or hydrogen peroxide alone did not elicit an extreme change in 

antibacterial activity, but with simultaneous neutralization there was a significant drop in 

antibacterial activity, suggesting a synergistic relationship between the two antibacterial 

factors (Kwakman et al., 2010).  

 There is evidence that the predominant anti-bacterial components in honey vary 

with the source of the honey. Irish et al. (2011) determined the antibacterial activity in 

477 samples of honey from various parts of Australia and concluded that 57% of the 
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samples had activity which they considered to be potentially therapeutic, and that highest 

activity was present in honey derived from Leptospermum, Corymbia, and Eucalyptus 

species. They found that hydrogen peroxide was largely responsible for the antibacterial 

activity in most samples and that honey from Leptospermum species most consistently 

had non-hydrogen peroxide related antibacterial activity. Sherlock et al. (2010) also 

identified hydrogen peroxide as the major antibacterial component of Ulmo 90 honey, a 

Chilean honey derived from nectar from the Ulmo tree. They compared Ulmo 90 and a 

manuka honey in tests against strains of P. aeruginosa, MRSA and E. coli. They found 

that the Ulmo 90 honey had MICs that were similar to those of the manuka honey against 

the P. aeruginosa and E. coli isolates but were lower than those of the manuka honey for 

five MRSA isolates that were tested. There is additional evidence of the variability of 

anti-bacterial compounds in different honeys. For example, bee defensin-1, which is 

found along with MGO in Revamil® honey, is not present in manuka honey (Majtan et 

al., 2012).  

Honey has been shown to be antibacterial against several pathogens including E. 

coli, Enterobacter aerogenes, Enterococcus species, β-haemolytic streptococci, MRSA, 

P. aeruginosa, Salmonella Typhimurium, S. aureus, and VRE in laboratory studies 

(Allen et al., 2000; Kingsley, 2001; Cooper et al. 2002; Lubsy et al. 2005; Visavadia et 

al., 2006).  However, even with this evidence of antimicrobial efficacy, honey has been 

used in human clinical practice only after antibiotic options have failed (Mandal and 

Mandal, 2011). Currently, short-term microbial resistance to honey has not been reported, 

nor observed in short-term resistance training experiments (Cooper et al., 2009). Blair et 

al. (2009) found that gene expression in E. coli can be altered in the presence of sub-
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lethal doses of manuka honey resulting in down-regulation of gene expression associated 

with protein synthesis (in approximately 2% of genes), and up-regulation of gene 

expression in distinct functional regulatory groups, many of which were associated with 

the generation of a stress response (in approximately 1% of genes). This suggests that 

honey could be a promising solution to some aspects of antimicrobial resistance in 

clinical practice (Dixon, 2003). However, it should be noted that the long-term evaluation 

of bacterial resistance to honey has not been reported. Such studies will be of interest but 

it may be difficult to extrapolate the results of one honey to all honeys. 

Current scientific literature does not specify a preferred method for determining 

the MIC and MBC of honey. Several methods have been investigated. All studies must 

include both positive and negative controls (i.e. broth and bacteria and broth and honey 

respectively) to determine if honey can change the OD readings of the broth independent 

of bacterial innoculation.  Miorin et al. (2003) used macrodilution methods to obtain an 

optical density reading at 600 nm for tubes innoculated with 5.0×10
5 

CFU mL
-1 

S. aureus 

and various concentrations of honey or propolis. It was found that pasture honey 

collected by Apis mellifera (European honeybee) had MIC’s ranging from 126.23 to 

185.70 mg mL
-1

. These honeys were evaluated via high-performance liquid 

chromatography (HPLC), a method that has not been used extensively to assess the 

antibacterial efficacy of honey making it difficult to comment on the accuracy of HPLC 

for these purposes. The majority of studies express the MIC and MBC findings in terms 

of percentage of honey; therefore it is difficult to compare the results of Miorin et al. 

(2003) with those of other studies 
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 Blair et al. (2009) conducted both agar diffusion and macrobroth dilution assays. 

The agar broth diffusion assay was conducted using 1% honey increments and performed 

in duplicate. A large spectrum of bacteria was used in both assays (Blair et al., 2009). In 

studies using small incremental concentrations of honey, spectrophotometric verification 

of measurements of bacterial growth may be required; this was not conducted by Blair et 

al. (2009). Henriques et al. (2011) determined bacterial concentration by measuring the 

OD of broth cultures in a 96-well plate at 400 nm. It was found that manuka honey had 

MIC and MBC concentrations of 9.5% and 12% respectively (Henriques et al. 2011).  

Other studies have used agar-well diffusion assays to assess the antibacterial 

activity of pasture honey. Basualdo et al. (2007) found that undiluted honey inhibited 

growth of S. aureus and S. epidermidis, with some of the collected honeys able to inhibit 

growth at 50% dilution. 

 Kwakman et al. (2008) evaluated a broad range of clinical and non-clinical isolates 

to determine the Gram-positive and Gram-negative bactericidal activity of honey against 

E. coli, P. aeruginosa, clinical isolates of Enterobacter cloacae and Klebsiella oxytoca, 

and extended-spectrum beta-lactamase (ESBL)–producing strains of all the species 

mentioned above. Also included were gentamicin-resistant E. coli, methicillin-susceptible 

and resistant strains of S. epidermidis and S. aureus, and vancomycin-susceptible and --

resistant strains of Enterococcus faecium. In both Gram-positive and Gram-negative 

bacteria, the MBC after 24 hours incubation was 20% to 40% of pasture honey 

(Kwakman et al., 2008). 

 A critical appraisal of the several methods currently being used to evaluate honey 

would be useful. Thus far, there has been no standard method of quantifying the 
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antibacterial activity of honey. Standardization would help eliminate the variation in MIC 

and MBC results between studies and would allow for meaningful comparisons.  It is also 

apparent that while we understand that honey is capable of inhibiting and killing a broad 

spectrum of bacteria; very few experimental studies into the mechanism of action of 

various pasture honeys have been conducted. However, by contrast, the inhibitory and 

killing mechanisms of manuka honey has been examined extensively and unique 

components have been identified as contributors to the antibacterial activity of manuka 

honey (Molan et al., 1988; Cooper et al., 1999; Russell et al., 1999; Cooper et al., 2002; 

Molan, 2002; French et al., 2005; Molan, 2006; Tonks et al., 2007; Lin et al., 2009; 

Cooper et al., 2009; Visavadia et al., 2009; Sherlock et al., 2010; Henriques et al. 2011). 

1.2.4 Wound healing properties of honey 

There is much evidence that honey stimulates rapid and regulated healing in 

damaged tissues but that these properties vary among different samples of honey. 

Acidity, as a component of wound healing, has been found to increase the rate at which 

wounds heal. This is thought to be the result of low pH increasing the amount of oxygen 

off-loaded from hemoglobin in the capillaries and by altering pH levels to those not 

optimal for protease activity (Rendel et al., 2001; Rushton, 2007). Honey is highly acidic, 

with an average pH of 3.9. It was thought that formic and citric acids were responsible for 

the acidity of honey; however, it is now known that gluconic acid is the major 

contributing acid (Ball, 2007). In a study by Kaufman et al. (1985), the effects of three 

buffered solutions with pH values of 3.5, 7.42 and 8.5 on the rate of wound healing were 

examined. Two burn wounds were inflicted on the back of each laboratory animal and 

divided randomly for treatments, which were blinded to the researchers. Epithelialization 
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was significantly faster in the burns treated with the pH 3.5 buffer when compared with 

the other wounds treated with the higher pH solutions.  As honey has a pH within this 

range, it would be a contributing factor to enhanced wound healing. 

 Controlled cytokine release is also an important step in wound healing (Singer and 

Clark, 1999). Tonks et al. (2003) investigated the release of cytokines [tumour necrosis 

factor-alpha (TNF-alpha), interleukin (IL)-1 beta and IL-6] from monocytes exposed to 

manuka, jellybush, and pasture honeys, and artificial honey consisting of sugar syrup. 

There was a significant increase in release of all three cytokines by cells exposed to the 

manuka, jellybush and pasture honeys compared with cells that were untreated and cells 

that were exposed to the artificial honey. It was noted that the jellybush honey induced 

greater cytokine release than did the manuka and pasture honeys. The authors suggested 

that release of pro-inflammatory cytokines by monocytes induced by honey might 

contribute to wound healing. Later, Tonks et al. (2007) identified a 5.8-kDa component 

of manuka honey that stimulated production of TNF-alpha by human monocytes and 

murine bone marrow derived macrophages. More recently, Majtan et al. (2010) showed 

that levels of mRNA of TNF-alpha, IL-1 beta, transforming growth factor beta (TGF-

beta), and matrix metalloproteinase-9 (MMP-9) were elevated when human keratinocytes 

were incubated with honey. They also demonstrated that elevated MMP-9 was 

responsible for degradation of type IV collagen in the basement membrane of epidermis 

incubated with honey. The authors suggest that activation of keratinocytes by honey may 

contribute to wound healing. Other compounds in honey that may induce an 

inflammatory response include lipopolysaccharide and arabinogalactan proteins (Timm et 

al., 2008; Gannabathula et al., 2012).  



 21 

  Barui et al. (2011) used clinical, histopathological, and immunohistochemical 

methods to compare wound peripheries before and after application of honey-based 

occlusive dressings to lower limb wounds that had not responded to treatment with 

conventional antibiotics. They observed chemical debridement and rapid progression of 

healing, growth in the p63+ epithelial cell population, enhanced membranous expression 

of E-cadherin, and deposition of collagen I and III in the sub-epithelial connective tissue.  

These changes were apparent in about 2 weeks after the start of treatment and all 

indicated progression towards healing.  It was also noted that p63 is a marker of 

undifferentiated proliferating cells, that membranous E-cadherin is responsible for cell-

to-cell adherence and epithelial integrity, and that collagen is necessary for strengthening 

the tissue. 

Honey also has been shown to reduce odour in wounds, increase the formation of 

healthy granulation tissue and effect debridement of open wounds (Barui et al., 2011). 

When compared with alternatives, including silver sulfadiazine (SSD), honey has been 

shown to reduce healing time, stimulate synthesis of collagen, and support 

revascularization in forming tissues (White, 2005; Al-waili et al., 2011). Honey has also 

been reported to stimulate regulated wound healing, which includes pro-inflammatory as 

well as anti-inflammatory activity that reduces the pain and scarring a patient would 

experience (White, 2005).  

 Pain management is an important aspect of rapid wound recovery (Beam, 2007). It 

has been suggested by observational data that moist wound treatments, such as honey, are 

capable of increasing the rate of healing and decreasing pain associated with wounds 

when compared with non-moist wounds (Beam, 2007). Since honey is anti-inflammatory, 
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it also possesses the ability to reduce the pain associated with swelling (Molan, 2002). 

Honey’s antibacterial activity negates wound infection and therefore reduces recurring 

inflammation due to infection. This dual activity provides a powerful pain neutralizer as 

well as a healing accelerator. More importantly, honey also provides a moist healing 

environment for wound tissues and creates a physical barrier between bandages and 

tissue. By preventing adherence of dressings to the wound bed, bandage changes result in 

less pain and tissue damage (Molan, 2002). 

 

1.2.5 Comparative aspects of honey and other wound healing products 

Several topical products are available to manage traumatic, surgical and burn 

wounds in human and veterinary patients. Efficacy, reduced potential for antimicrobial 

resistance, safety within and around the wound, ease of application, availability and cost 

are important factors to consider when selecting a wound-healing product.  Several 

studies have compared the efficacy of honey with SSD in the treatment of burn wounds 

with all studies reporting greater efficacy of honey (Subrahmanyam, 1998; Wynne et al., 

2004; Malik et al., 2010; Bradshaw, 2011). Several aspects of honey were reported to 

contribute to the overall healing properties including the antibacterial properties and non-

adherence to the wound site, which prevents the adherence of bandages to the granulation 

tissue and subsequent removal of the granulation tissue during routine bandage changes 

(Molan, 2006).  A study of patients with two partial thickness burn sites on similar areas 

of the body, evaluated the efficacy of wound healing with honey on one site and SSD on 

the other. The time for wound healing was longer (15·62 ± 4·40 days) with SSD than 

with honey and results were statistically significant (13·47 ± 4·06 days) (Malik et al., 
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2010). Burns are a particularly common wound type that can be associated with 

prolonged healing time, extended hospitalization and high infection rates (Karayil et al., 

1998; Malik et al., 2010). Because of the nature and length of healing time for burn 

wounds, treatments tend to be expensive (Malik et al., 2010); therefore, a reduction in 

healing time is cost effective and important for patient comfort and rehabilitation. 

A worldwide survey by Hermans (1998) found that 1% SSD was the preferred 

treatment for burn victims in human medicine, and that honey was used in about 5.5% of 

treatment instances. However, while considered effective, complications associated with 

using sulfur-containing compounds can be wide-ranging including neutropenia, erythema 

multiforme, crystalluria and methaemoglobinemia (Lockhart et al., 1984; Choban and 

Marshall, 1987). 

A clinical trial conducted by Subrahmanyam (1998) compared the progress of 

wound healing in human patients with burns to less than 40% of the body surface 

following application of honey or SSD. The group treated with SSD had eschar 

formation, which required removal in order to obtain a granulating bed, and fluid exudate 

was observed in four patients.  There was an 84% recovery in 21 days in the SSD group. 

By comparison, in the honey group, there was a decrease in inflammation, infection rate 

and evaporative fluid loss, no eschar formation or edema. Healing in the honey group was 

100% in 21 days.  In comparative studies testing the cytotoxicity of honey vs. sulfur-

wound healing products in human cell cultures, the results have varied. In a study by Du 

Toit and Page (2009), it was found that nanocrystalline silver was cytotoxic for human 

skin keratinocytes and dermal fibroblasts, whereas honey showed no cytotoxicity after 4 

months. However, Tshukudu et al. (2010) performed in vitro experiments using honey 
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and SSD on keratinocyte cultures and found that both honey and silver treatment 

preparations had negative effects on cell viability after 40 hours of exposure, and that 

there were no significant differences between the two preparations (Tshukudu et al., 

2010). 

 The studies cited above show the therapeutic benefits of honey in treating wound 

infections.  Another important aspect is the prevention of infection associated with acute 

wounds and surgical wounds. In a study investigating the prophylactic properties of 

honey, participants in the study had two areas of skin 2 cm in diameter removed from the 

forearm; one area was treated immediately with honey and the other with a polyurethane 

patch (Kwakman et al., 2008). Each area was swabbed at 48 hours and tested for 

colonization. Colonization of an area was defined as >5 colony-forming units (CFU) of 

bacteria. The percentage of patches colonized was 19% for the honey group versus 70% 

for the polyurethane group. This study demonstrated the prophylactic properties of honey 

in prevention of colonization of fresh skin wounds in vivo. 

   

1.2.6 Potential concerns for honey as a wound-healing agent 

The main concern for the use of raw honey in the treatment of wounds, which is 

consistently stated, is the potential contamination of honey by Clostridium botulinum 

spores.  Several papers have cited honey as a suspected source of C. botulinum (Arnon et 

al. 1979, 2006; Brown, 1979; Health Canada, 1999; Weir, 2001; Kakava et al., 2007). 

Health Canada reported that 15% of infant botulism cases in Canada were associated with 

the consumption of honey (Health Canada, 1999). A recent study examined the role of 

honey in botulism infections world wide and reported that contaminated honey from 
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various countries may circulate globally and could potentially be responsible for many 

cases of infant botulism (Kakava et al., 2007). The concern for C. botulinum infection as 

a result of ingestion occurs predominantly with infants (Arnon et al. 1979; Brown, 1979). 

The infant digestive tract lacks the bacterial flora and Clostridium-inhibiting bile that act 

as protective barriers in adults (Weir, 2001). Wound botulism may occur in wounds in 

which anaerobic environments are present, such as deep abscesses (Weir, 2001); 

however, to-date, no reports of wound botulism secondary to application of raw honey 

have been found and seem unlikely since C. botulinum is an anaerobic bacterium which 

is therefore not likely to flourish in most wounds. To avoid botulinum infection, the 

honey used in commercial honey wound preparations is gamma-irradiated (Medihoney, 

Derma Sciences Inc., Toronto, CA; Simon et al., 2008). Therapeutic honeys are gamma-

irradiated rather than pasteurized to ensure sterilization without thermal damage to the 

enzymes that are responsible for some of the antimicrobial effects of honey (Lusby, 

2002). Bacterial spores can be found in the soil, air and water during honey production. 

Honey must be raised to a temperature of 120°C for 10 minutes to ensure Clostridium 

botulinum spores are eliminated; for reasons previously stated, this is not ideal for 

medical honey (Simon et al. 2008). In addition, glucose oxidase is said to denature at 

55.7°C, making pasteurization of medical honey inadvisable (Zoldák et al., 2004).  For 

medical application, honey can be satisfactorily gamma irradiated in either glass or 

polyethylene containers (Molan and Allen, 1996; Saxena et al., 2010).  

In veterinary medicine, raw honey is frequently applied directly to wounds 

(Mathews and Binnington, 2002a). This honey was stored in the dark at -20°C until it 

was first applied, after which it was stored at 4
o
C (Mathews and Binnington, 2002a). The 
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antibacterial activity of honey has been shown to decrease over time when stored at room 

temperature (Brudzynski and Kim, 2011).  This decrease in antibacterial activity is 

associated with a change in colour and chemical composition of the honey, specifically, 

an increase in melanoidin. It is hypothesized that the active phytochemicals are 

sequestered into melanoidin aggregates, which results in the loss of the phytochemical 

antibacterial activity (Brudzynski and Kim, 2011).  However, there are conflicting reports 

in the literature relating to methods of honey storage and a pauciety of research in this 

crucial area of medicinal honey usage. In some cases, it was reported that aging did not 

affect antibacterial efficacy for honey (Allen et al., 1991; Rios et al., 2001). It was 

reported by Allen et al. (1991) that the phytochemical composition of honey was more 

influential on the long-term antibacterial activity of honey than was the storage method.  

It is recommended that honey be protected from light to reduce the loss of antibacterial 

activity while in storage (Cooper et al., 1999).  

1.2.7 Manuka honey for medical purposes 

Extensive research in New Zealand has led to the development of a patented 

clinical honey dressing made from manuka honey, a product derived from the Manuka 

(Leptospermum spp.) plant indigenous to New Zealand (Russell et al., 1990; Cooper et 

al., 2009). Manuka honey has rapidly become the most researched with respect to the 

medicinal application of honey.  The use of manuka honey-based wound dressings 

(Medihoney, Derma Sciences Inc., Toronto, Ontario, Canada) is becoming more popular 

in human medicine for managing wounds in several countries. Anecdotal reports indicate 

that locally produced honey is used quite frequently for wound management in veterinary 

medicine throughout North America; however, there are no studies investigating the 
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antimicrobial efficacy of locally produced honeys. Manuka honey has properties that 

have not been identified in other honey samples, such as high levels of methylglyoxal, 

which are reported to confer its potent antimicrobial effects (Mavric et al., 2008). 

Kwakman et al. (2008) have reported on Revamil® honey, a Dutch medical grade honey, 

which has also been shown to have high antimicrobial activity and is a registered source 

of medicinal honey.  Revamil® honey is produced under standardized conditions in 

greenhouses and is sold as a topical antibacterial and wound healing agent (Kwakman et 

al. 2008). The antimicrobial activity associated with Revamil® honey is thought to be 

due to osmolality, hydrogen peroxide generation, methylglyoxal and bee defensin-1 

(Kwakman et al., 2010). While manuka honey from NZ has large batch-to-batch 

variation, Revamil® has standardized antibacterial activity as a result of being produced 

under controlled conditions (Kwakman et al., 2011). Interestingly, honey derived from 

Leptospermum species in South Africa was found to have less antibacterial activity when 

compared with medical manuka honey produced in NZ. Using broth dilution methods, it 

was found that although there was an antibacterial effect exhibited by South African 

leptospermum honeys, there were no exceptionally high levels of antibiotic activity 

(Basson and Grobler, 2008).  

Evidence for manuka honey as a wound-healing agent has been well documented 

(Weston et al., 1999; Molan, 2006; Gethin and Cowman, 2009; Jenkins et al., 2011).  In 

one study, the MIC of manuka honey against 18 coagulase-negative Staphylococcus 

isolates varied between 2.7% and 5% (French et al., 2005). Cooper et al. (1999) reported 

similar results when manuka honey was tested against several S. aureus isolates.  Jenkins 

et al. (2011) reported that the MIC of manuka honey was below 5% for MRSP isolates, 
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and hypothesized that its bactericidal action was an interruption in cell division in the 

MRSP, which was supported by a decrease in murein hydrolases observed in the bacteria. 

Murein hydrolases are a diverse family of enzymes that are responsible for cell wall 

hydrolysis during cellular division, and a decrease in these compounds suggests a 

decrease in cell proliferation (Yamada et al., 1996). Jenkins et al. (2011) also reported 

that artificial honey (sugar equivalent of honey) with added methylglyoxal was able to 

inhibit growth at 10%, whereas artificial honey alone was not able to inhibit the growth 

of MRSA. Manuka honey has been used to treat a variety of wounds, including catheter 

exit-sites. Catheter exit-sites are susceptible to infection, which can affect morbidity and 

mortality outcomes. When manuka honey (packaged as Medihoney™) was applied to 

catheter exit-sites, no infections occurred in the 51 patients receiving honey as a 

treatment. These results were compared with 50 patients who received mupirocin 

treatments; there was no statistical difference between the Medihoney™ and mupirocin 

treatments. However, two strains of bacteria in wound beds treated with mupirocin 

became resistant during treatment (Johnson et al., 2005).  

More recently it has been found that manuka honey may also be able to eradicate 

important nosocomial infections such as Clostridium difficile. Hammond and Donkor 

(2013) examined the effects of manuka honey on three strains of C. difficile via 

microbroth dilution. It was found that manuka honey was inhibitory and bactericidal to 

all three strains at 6.25% honey. Agar well diffusion assays were also used to determine 

the MIC and MBC of manuka honey against C. difficile. It was found that there was a 

dose-response relationship between the concentration of honey and the zone of inhibition. 

The maximum zone of inhibition was at 50% (v/v) manuka honey. At this concentration 
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the manuka honey was effective in preventing growth for seven days (Hammond and 

Donkor, 2013). 

1.2.8 Floral origins of honey 

Since the discovery of the high antimicrobial activity of manuka honey, several 

investigations into the floral origins and antibacterial activity of other honeys harvested 

globally have been reported. Identification of the floral source of honey with high 

antibacterial activity is important for identification of potential mechanisms of activity 

and for harvesting the product for medicinal use. Melissopalynological analysis (visual 

pollen identification) is currently the official test to determine the botanical and 

geographical origin of honey (Aronne and Micco, 2010). Many studies have utilized this 

method to determine the efficacy of honey, reporting associations between the levels of 

phytochemicals and antimicrobial activity by botanical source (Molan et al., 1988; Allen 

et al., 1991; Brady et al., 2004; Irish et al., 2011). 

A recently reported technique for identifying the botanical origins of honey is one 

utilizing DNA barcoding technology, namely metagenomics. Metagenomics is a 

relatively new field that has been shown to be comparable to visual identification of 

pollen for determining the botanical origins of honey. This method is reported to be more 

robust, faster and simpler to implement than the classical visual methods. This method 

proposes a DNA barcoding approach that combines universal primers and massive 

parallel pyrosequencing. While this technique holds promise, further research is 

warranted to confirm consistent and accurate identification of floral origins of honey 

(Wooley et al., 2010). 
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The introduction of honey as an effective wound care product into modern 

medicine has been aided by the commercialization of ‘therapeutic honeys’ such as 

manuka honey and Revamil®. However, further investigation into other honeys and their 

floral/geographical sources is essential to determine their antimicrobial activity and their 

availability globally.  

1.2.9 Conclusion 

The emergence of antimicrobial-resistant bacteria has resulted in a search for 

alternative methods to treat infected wounds. Based on the use of honey over time, and 

the apparent lack of antimicrobial resistance, honey has recently been investigated as an 

alternative to antibiotic use in wound management. The wound healing properties and 

antibacterial activity of honey are now becoming well established with the emerging use 

of manuka honey from Australia and New Zealand in human medicine.  

Locally produced honey is used routinely to manage contaminated wounds in 

small animals, and as required in large animals at the Ontario Veterinary College. Based 

on successful outcomes in these patients, the antimicrobial efficacy of various batches of 

seasonal honey in Southern Ontario is currently under investigation. The studies reported 

in this thesis investigate the antimicrobial efficacy of local honeys, with comparison to a 

commercial medical grade manuka honey paste, against several species of bacteria, 

including multi-drug resistant bacteria, isolated from patient samples submitted for 

culture and susceptibility. In addition, studies investigating the identification of the flora 

associated with the most efficacious honey, and the effects of gamma irradiation and 

storage on the efficacy of honey are also reported.  The studies included in this thesis 
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have been undertaken to increase the breadth of scientific literature currently exploring 

the antimicrobial activity of honey.  
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Antibacterial Efficacy of Honeys from Southwestern Ontario 

Jessica Pask, Carlton Gyles, Karol Mathews, Brigitte Brisson, Scott Weese, Ernesto 

Guzman, Paul G. Kelly  

2.1. ABSTRACT 

Over two summers, 26 honey samples were collected from Guelph, Ontario and 

surrounding area for the purpose of quantifying the antibacterial activity of honey 

from this area. Honeys were tested using microbroth and agar dilution assays and 

compared with artificial honey and the criterion standard for medicinal honey, 

Medihoney™ (100% manuka honey paste). The collected honey with highest 

antibacterial activity had mean MIC and MBC percentages of 11.5% and 16.1% 

while Medihoney™ had mean MICs and MBCs of 12.1% and 18%. Ontario honeys 

from summer of 2011 had more potent antibacterial activity when compared with 

honeys from summer 2012, suggesting the possibility of environmental factors 

influencing the antibacterial activity of honey. Various concentrations of honey were 

tested by agar dilution against 34 isolates that included six species of bacteria.. 

Microbroth and agar dilution produced different results, which may be attributed 

to inactivation of glucose oxidase in honey while it was mixed with hot agar for the 

agar dilution. It was found that some collected honeys had antibacterial activity 

comparable to that of Medihoney™, while artificial honey had significantly lower 

antibacterial activity when compared with collected honeys and Medihoney™ . 

These findings demonstrate that Ontario honeys can be as antibacterial as medical 

honey and that the antibacterial activity of honey cannot be attributed to osmolarity 

alone. 
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2.2. INTRODUCTION 

Bacterial resistance to antibiotics (antibacterial resistance) is a substantial problem in 

medical and veterinary practices and results in increased morbidity, mortality, and 

treatment costs (18,25,38). In order to alleviate this problem it is necessary to establish 

effective treatments for antibiotic resistant bacteria. Honey has been used for centuries as 

a topical antibacterial agent (30) and has been, and still is, effective against a wide 

spectrum of bacteria, including methicillin-resistant Staphylococcus aureus (3, 21). The 

antibacterial activity of honey is very complex, involving a mixture of several 

physical and chemical components. The result is that honey is not a single antibiotic 

but a mixture of several antibiotics, each acting by a different mechanism. This 

makes it difficult for bacteria to become resistant as it is almost impossible for 

spontaneous resistance to all components to arise simultaneously and as mutants 

for resistance to one component arise they would be killed by the other 

components.  Both the lack of bacterial resistance and its broad spectrum of antibacterial 

activity make honey an appealing alternative to topical pharmaceutical antibiotics (13).  

Researchers have identified several components and properties of honey that 

contribute to its antibacterial activity. Osmolality and glucose oxidase content have both 

been linked with the antibacterial activity of honey (34). However, the nectar from 

various botanical origins can also contribute antibacterial components, some of which 

may be modified by the honeybees (11,12). Manuka honey, derived from the plant 

species Leptospermum scoparium, has high antibacterial activity when compared with 

other honeys (14). Methylglyoxal, an alpha-oxoaldehyde that reacts with macromolecules 

such as DNA, RNA and proteins, has been found in manuka honey and laboratories have 
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reported that the antibacterial activity of manuka honey and honeys derived from other 

Leptospermum species is associated with their exceptionally high methyglyoxal content 

(1,4,32). Another medicinal honey, called Revamil®, also contains methylglyoxal, but at 

much lower concentration (27).  

Since manuka honey appears to have properties and components not found in 

other honeys, it is likely that other types of honey from various regions of the globe may 

have unique components that enhance their antibacterial properties. Medihoney™ 

Antibacterial Honey (Derma Sciences Inc., Toronto, Ontario) is a pre-packaged topical 

preparation that can contain various percentages of manuka honey derived from 

Leptospermum spp. (active ingredient) from Australia and New Zealand. For this study, a 

Medihoney™ paste that is 100% manuka honey was used. Indications of this product as 

described by the manufacuter are: “For use in wounds with light to moderate exudate and 

hard to dress areas including tunneled or undermined wounds, or sinus tracts” (Derma 

Sciences Inc., Toronto, Ontario). This product is licensed for wound care in Australia, 

Hong Kong, New Zealand Europe, and Canada and the USA (Cooper et al. 2010). A 

combination of glucose oxidase activity and Leptospermum derived compounds are 

responsible for the antbacterial activity of Medihoney™ (41). 

  It is hypothesized that some honeys from southwestern Ontario will have 

antibacterial activity similar to that of Medihoney™. In this study, honeys collected over 

two summers from southwestern Ontario were tested to determine how their antibacterial 

activity compared to that of Medihoney™.  
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2.3 MATERIALS AND METHODS 
 

Honey samples: 2011 collection. Two sets of honey samples were collected in 

southwestern Ontario during the period May 15, 2011 to September 21, 2011. 

Medihoney™ was used as the criterion standard for comparison of antimicrobial efficacy. 

Set #1 consisted of honey samples collected by beekeepers on their regular schedule 

when the honey was fully ripened, from various locations in southwestern Ontario 

(routine collection). Ripening takes between 1 and 2 months to occur but the honey can 

also be considered ready for collection once the frame that contains the honey has 75% of 

its combs capped with bees’ wax (Townsend, 2006).  

Set #2 was collected weekly from July 7, 2011 to September 21, 2011 with the 

objective of identifying potential floral sources of the most effective antibacterial batches 

of honey (weekly collection). These samples were collected by hand from two hives 

located at the University of Guelph Honeybee Research Centre. The honey was collected 

by scraping the honeycomb directly off the frame, straining it into three 500-g glass jars, 

and freezing it at -20°C immediately after collection. New empty frames were placed in 

the hives from which the honey had been collected. These honey frames had not been 

allowed to sit in the hive for more than 7 days, with the exception of the period August 

10-24 as the production level of honey was low at that time. In total, 10 samples were 

collected. All samples were frozen at -20°C immediately after collection. In total, 6 

ripened honeys were collected throughout the summer (Figure 1). 

Honey samples: 2012 collection. During the summer of 2012, five beekeepers in, 

and in close proximity to, Guelph, Ontario, Canada, each donated three jars of honey per 

collection period. Collection periods were designated by each individual beekeeper. The 
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honey was frozen at -20°C immediately after collection and transported to our laboratory. 

Each jar of honey was wrapped in aluminum foil and kept frozen at -20°C until testing 

was performed (Figure 2). 

Testing of honey samples. After 1 week of storage, aliquots of approximately 

100 g of frozen honey were removed from each jar and used for testing. The original jar 

of honey remained in storage at -20°C and the remaining honey in each aliquot was 

stored at 4°C. 

Refractometer readings of honey. Each sample of honey was analyzed in a 

refractometer (Atago Honey Refractometer, Catalogue No. 326, Atago Inc., Bellevue, 

Washington, USA) to determine the water content as a percentage of the honey. The 

standardizing solution used was Cargille Certified Refractive Index Liquids, 1.488 +/-

.0002, n25°C. 

 For comparison, a 100 g quantity of the sugar equivalent to honey (referred to as 

artificial honey), was made by dissolving 1.5 g sucrose, 7.5 g maltose, 40.5 g fructose 

and 33.5 g glucose in 17 ml sterile deionized water (15). Refractometer and pH readings 

were taken after this mixture was made. 

pH readings. The pH readings were determined with a Fisher Scientific Accumet 

AR20 pH/conductivity meter. Three separate readings were taken for each sample and 

averaged. 

Minimum inhibitory concentration. Microbroth dilution assay (7,29) was used 

to determine the minimum inhibitory concentration (MIC) of the honey. A 50% working 

solution of each honey was made by weighing 5 g of honey into a sterile 15-mL tube and 

bringing the volume up to 10 mL with sterile Mueller-Hinton broth (MHB; CM0405, 
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Mueller Hinton Broth, Oxoid, Nepean, Ontario) (7,29). A 750-µL volume of MHB was 

mixed with 750 µL of the 50% honey dilution and serial dilutions were made to produce 

25%, 12.5%, 6.25%, 3.125%, 1.56% and 0.78% honey for the 2011 samples. Serial 

dilutions of 50%, 25%, 12.5%, 6.25%, 3.125%, and 1.56% were made for the 2012 

samples by diluting honey directly with MHB containing 5 × 10
5
 CFU/mL bacteria to 

achieve an initial dilution of 50% honey (15,26). All working solutions and all dilutions 

were prepared fresh daily. A 50-µL volume of the diluted honey was dispensed into wells 

of a sterile 96-well microtitre plate.  

Two strains each of Pseudomonas aeruginosa, Escherichia coli, enterococcus 

spp. (one faecium, one faecalis), Staphylococcus pseudintermedius, and Staphylococcus 

aureus were selected.  One of the S. pseudintermedius strains was methicillin-resistant 

(MRSP) and one was methicilin-sensitive (MSSP). One S. aureus strain was methicillin-

resistant (MRSA) and one was methicillin-sensitive (MSSA). All strains were obtained 

from the Department of Pathobiology at the Ontario Veterinary College and were of 

canine or feline origin. Each strain was incubated overnight on Columbia blood agar 

(CM0331, Columbia Blood Agar Base, Oxoid, Nepean, Ontario) at 37°C (5% CO2), then 

sub-cultured and incubated once again overnight at 37°C. Working suspensions of 

bacteria were all made with 24-h cultures (33). 

A McFarland’s 0.5 standard suspension of bacteria was prepared by diluting 

bacteria with phosphate buffered saline solution (PBS); this represents approximately 10
8
 

colony forming units (CFU)/mL. All McFarland 0.5 suspensions were verified using a 

Sensititre Nephelometer (Trek Diagnostic Systems, Cleveland, Ohio, USA). This 

bacterial suspension was further diluted with MHB to an estimated 5 × 10
5
 CFU/mL 
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bacteria.  For each strain a 50-μL volume of 5 × 10
5
 CFU/mL of culture per well was 

added to the dilutions of honey in a 96-well microtitre plate (7, 12). A positive control 

(no honey) and a negative control (no bacteria) were included on each plate (Henriques et 

al., 2011). The plates were covered and incubated for 24 h at 37°C. The MICs were 

determined by identifying the concentration of honey that resulted in no visible growth 

(20). All tests were done in triplicate and results are presented as means. 

Minimum bactericidal concentration. To determine the minimum bactericidal 

concentration (MBC) for each honey sample, 10-µL aliquots were taken from the wells 

with the MIC of honey and from wells with honey that was one and two dilutions less 

than the MIC. These aliquots were plated onto Columbia blood agar plates (CM0331, 

Columbia Blood Agar Base, Oxoid, Nepean, Ontario). The plates were covered and 

incubated for 24 h at 37 °C. Each of these tests was performed in triplicate. The lowest 

concentration of honey that resulted in no detectable growth on the blood agar plates was 

deemed the MBC (9, 40). 

Agar dilution tests. An agar dilution assay was performed for comparison with 

the broth dilution method that is commonly used. The three samples of 2011 honey with 

the lowest MIC and MBC and the honey with the highest MIC and MBC were selected 

for further testing against a variety of strains of bacteria. Mueller-Hinton agar (MHA) 

containing 25%, 12.5%, 6.25% and 3.125% honey (9, 29).were autoclaved for 20 min 

and placed in a 50°C water bath for 20 min. After the agar had cooled, honey was added 

to the bottles and swirled to mix. Amounts of 25 g, 12.5 g, 6.25 g, and 3.125 g of each 

honey were added to the appropriate jars to obtain honey dilutions of 25%, 12.5%, 

6.25%, and 3.25%, (w/v) respectively. The amount of honey added to each plate was 



 56 

determined by equating 5 g of honey to 3 mL as had been previously demonstrated as 

equivalents in the microbroth dilutions assays performed just prior to the commencement 

of the agar dilution assays.  

 The agar medium was added to labeled empty agar plates once the honey had 

been completely mixed into the agar medium.  Plates were allowed to sit for 

approximately 20 min, covered until they were cool, and then kept in a sterile 

environment at 20°C for 12 h. The plates were then placed in the refrigerator for 24 hours 

until they were ready for inoculation.  

Thirty-four bacterial strains, including the 10 strains used for the MIC and MBC 

assays were tested by the agar dilution method. These strains consisted of four strains 

each of MRSP, MSSP, MRSA, and MSSA, and six strains of each of P. aeruginosa, 

enterococci, and E. coli. Each bacterial strain was streaked onto a blood agar plate 

covered and placed in an incubator at 37°C for 24 h. The strains were sub-cultured and 

placed in the incubator overnight at 37°C. A McFarland 0.5 suspension in PBS was made 

for each of the 34 strains. Each McFarland suspension was verified using a Sensititre 

Nephelometer (Trek Diagnostic Systems). This suspension was further diluted 1:10 in 

MHB to give approximately 10
7
 CFU/mL.  A multiple inoculator apparatus was used to 

deposit the bacteria onto the plates. The inoculator deposits approximately 1μL of broth, 

which equals approximately 10
4
 CFU. Thirty-four of 36 wells of the multiple inoculating 

apparatus were each filled with 200 μL of the bacterial suspensions. The two remaining 

wells were filled with 200 uL sterile MHB to act as negative controls. Each of the plates 

made from the honey samples was stamped once with the multiple inoculator apparatus, 

covered and allowed to dry before being placed in an incubator for 24 h at 37°C (9, 29). 
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Evaluation of bacterial growth was based on visual inspection of the plates. Any opacity 

was assessed as positive for growth.  

 Statisical analysis. For all data, outcomes that were greater than the maximum 

concentration tested (i.e “>25” or “>50”) were assigned the maximum concentration 

value for analysis.  

 

2011 Honey samples. (i) Microbroth dilution assay. A nonparametric Kruskal-

Wallis test was performed to test for differences between MIC and MBC outcomes and 

the times of collection of the honey samples. A post hoc Tukey’s test was applied. 

Pairwise correlations were evaluated to compare individual time frames to one another. 

Data were checked for normality using a Shapiro-Wilk test and examination of the 

residuals. A Mann-Whitney U test was used to test for differences between MIC and 

MBC and frequency of honey collection (comparing fully ripened honey to those 

collected weekly). Finally, a Kruskal-Wallis test was used to compare individual honey 

MIC and MBC (in percentages).  

(ii) Agar dilution assay. Data were checked for normality using a Shapiro-Wilk 

test and examination of the residuals. To compare the samples used in the agar dilution 

tests, a Kruskal-Wallis test was used. A post hoc Tukey’s test was applied. All tests used 

a 0.05 significance level.  

2012 Honey samples. Analyses were as described for 2011 honeys. Data were 

checked for normality using a Shapiro-Wilk test and examination of the residuals. In 

addition, a nonparametric Kruskal-Wallis test was performed to test for differences 

between MIC and MBC outcomes and the time of collection of the honey samples. A 

post hoc Tukey’s test was applied. Pairwise correlations were evaluated to compare 
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individual time frames to one another. A Kruskal-Wallis test was also performed to 

compare the activity of each honey on Gram-positive and Gram-negative bacteria. A post 

hoc Tukey’s test was applied. 

 

2.4 RESULTS 

2011 Honey samples (i) MIC and MBC assays. The MIC and MBC values for 

the 2011 honey samples are presented in Table 1 (routine collection) and Table 2 (weekly 

collection). Statistical analysis showed that MIC and MBC results were significantly 

different from one another when the results were compared by time frame of collection, 

which was routine collection by beekeepers, and by weekly collection (P<0.0001, 

P<0.0001 for MIC and MBC respectively). As the MIC and MBC results for the weekly 

samples were almost all “>25%”, these data were not analyzed to determine their 

comparative efficacy. The mean MIC and MBC percentages for Medihoney™ were 

12.1% and 18%, and for honey sample 3, 11.5% and 16.1%. 

  The two frequencies of collection (weekly and routine collection) had 

significantly different mean MIC and MBC percentages (P<0.0001 and P<0.0001 

respectively). Individual honeys in the routine collection samples were significantly 

different from one another for both MIC and MBC outcomes (both P<0.0001). MIC 

percentages for Medihoney™ and honey samples 2,3,7,16 were not significantly different 

from one another (P-values ranged from 0.1702 to 1.000). MBC percentages for 

Medihoney™ and honey samples 2, 3, and 16 were not significantly different from one 

another (P-values ranged from= 0.1702 to 0.999). While carrying out the MIC and MBC 

determinations, it was observed that weekly honey samples 4 (collected July 7-13) and 9 
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(collected August 3-10), had bacterial growth on the MBC plates that was different from 

the cultures that had been added to the wells. To determine which honeys had 

contaminants and which did not, all 17 honeys were spread onto Columbia blood agar 

plates (Oxoid, Nepean, Ontario) and incubated for 24 h at 37 
o
C. The two honeys 

mentioned above had visible growth after 24 h. The bacteria in both honeys were Gram-

positive cocci arranged in pairs. Both isolates were catalase positive and coagulase 

negative and were therefore considered to be Staphylococcus.   

To determine whether these isolates were honey-resistant staphylococci, bacteria 

were isolated and MIC and MBC were determined using these bacteria against two 

honeys with antibacterial activity [Medihoney ™ and the May 15- July 7 (#3 honey 

sample)]. The results are summarized in Table 3. 

(ii) MIC by agar dilution. Results of the determination of MICs by agar dilution 

are shown in Table 4. Patterns for the agar dilution assay were similar to those for the 

microbroth dilution assay. It was possible to discriminate between the MIC values when 

agar dilution percentages were compared with microbroth dilution MIC values. All 

samples were not significantly different from Medihoney™ with the exception of honey 

sample 4 (P=0.019). 

(iii) Refractometer readings. The refractometer readings for honey samples 

collected in 2011 are shown in Table 5. The control honey (Medihoney™) had the lowest 

refractometer reading, the ripened honeys had higher readings and the batches of honey 

that were collected weekly had the highest readings.  

2012 Honey samples. (i) MIC and MBC assays. All honeys collected over the 

summer 2012 had higher MIC percentages when compared with Medihoney™ indicating 
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that Medihoney™ had greater inhibitory activity (P< 0.0001-0.005). Pairwise 

comparisons of the MBC values only in all honeys showed that honey samples #8 and 

#11 were not significantly different from Medihoney™ (P=0.067 and P=0.395). Pairwise 

comparisons revealed that artificial honey had higher MIC and MBC percentages when 

compared with all the collected honey samples and Medihoney™ (P<0.0001-0.006; 

P<0.0001-0.018 respectively). The data are shown in Table 6.  

When bacterial isolates were separated into Gram-positive and Gram-negative 

types, several honeys had antibacterial activity comparable to that of Medihoney™. For 

Gram-positive bacteria, honey samples #3 and #8 had MICs that were not significantly 

different from Medihoney™ (P=0.195, P=0.145). The MBC values for Gram-positive 

bacteria were not significantly different from Medihoney™ in honey samples #8, #10, 

#11 (P=1.000, P=0.273 and P=1.000). For Gram-negative bacteria, honey samples #3 

and #8 had MICs that were not significantly different from Medihoney™ (P=0.361 and 

P=0.181). Finally, MBC values of Medihoney™ for the Gram-negative bacteria were not 

significantly different from the MBCs of honey samples #3, #8 #10, and#11  (P=1.000, 

P=0.527, P=1.000, and P=1.000, respectively).   

Honey sample #10 was contaminated with Gram-positive rods. The honey was 

filtered through a 0.45μm membrane filter and re-tested using the same microbroth assay 

methods.  The results were unchanged.  

(ii) Refractometer readings. Refractometer readings for honey samples collected 

in 2012 are shown in Table 7. Refractometer values appeared similar, with some of the 

lower readings coming from artificial honey, Medihoney™ and honey sample #10. 
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(iii) pH readings. The pH readings from the honey samples collected in 2012 are 

shown in Table 7. The pH values of all honey samples, including artificial honey, were 

within the reported normal range 3.43-5.00 (Bogdanov, 1999).  

(iv)Variability in MIC and MBC results in Medihoney™. Some variability in 

both MIC and MBC was noted between tubes of Medihoney™ used for testing on the 

same bacterial isolates (Figures 1 and 2). This variability was slight as the results for the 

two tubes were either identical or varied by one dilution. Variability was not observed 

between triplicates of the MIC and MBC values in the collected honey samples for the 

microbroth dilution assays. However, variability was observed between triplicates of the 

MIC values in the collected honey samples for the agar dilution assay. 

2.5 DISCUSSION 

In this study, the levels of antibacterial activity of honey samples collected in 

2011 were different than those collected in 2012. A subset of honey samples collected in 

2011 had antibacterial activity that was comparable to that of Medihoney™. 

Medihoney™ was used as the criterion comparison because Medihoney™ (a manuka 

honey) is the most researched honey from a medical grade honey perspective, with 

consistent excellent antimicrobial activity. The MICs and MBCs of several honeys 

(summer 2011: #2, #3, #7, #16) were not significantly different from Medihoney™ as 

determined in both the microbroth dilution assay and the agar dilution assay.  The 

samples with superior antibacterial activity were honeys that had been collected by 

routine collection (Set#1) rather than on a weekly basis (Set#2).  

 Honey is effective at inhibiting and killing a broad spectrum of bacteria. Bacteria 

against which inhibitory activity has been reported include Acinetobacter spp., Bacillus 
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subtilis, E. coli, Enterobacter cloacae, Enterococcus faecium, vancomycin resistant 

enterococci, Klebsiella oxytoca, Klebsiella pneumoniae, Pseudomonas spp., Salmonella 

Typhimurium, Staphylococcus aureus (including methicillin-resistant strains), coagulase-

negative Staphylococcus, Staphylococcus epidermidis, and Streptococcus spp. (3, 15, 24, 

26, 31, 35, 44). Nasir et al. (2010) found that Tualang honey (a honey devired from 

Koompassia excelsa) was effective in inhibiting several species of Gram-negative 

bacteria but was not as effective as manuka honey (Unique Manuka Factor 10+) or silver-

based dressings on Gram-positive bacteria. Several studies have investigated the 

antibacterial effects of honey on S. aureus. Cooper et al. (1999) evaluated the effects of 

manuka and pasture honeys against 58 strains of S. aureus. They found that the minimum 

inhibitory concentrations were all between 2% and 3% (v/v) for the manuka honey and 

between 3% and 4% for New Zealand pasture honeys. Kwakman et al. (2008) 

investigated the activity of Revamil® honey against several species of bacteria. 

Enterococcus faecium, E. cloacae, E. coli, K. oxytoca, P. aeruginosa, and S. epidermidis 

were used to determine the bactericidal activity of 11 batches of Revamil® honey. The 

honey samples were shown to be bactericidal between 10-40%, which is similar to the 

range we observed.  

Brudzynski et al. (2006) evaluated honey from Ontario and other regions of 

Canada for antibacterial activity.  Their study found that 5 of 42 Canadian honey samples 

had high antibacterial activity (MIC of 6.25% v/v) against B. subtilis and E. coli. It was 

found in the present study that honeys were also effective against Gram-positive and 

Gram-negative bacteria. Comparison of the 2011 collection times of local honeys showed 

that honey sample 3 (produced May 15 to July 7, 2011), was the most efficacious with 
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respect to antibacterial activity.  Further studies are needed to determine the botanical 

origins of the most efficacious honeys, and to determine whether the results are 

reproducible. For the production of a medicinal honey, identifying a botanical source of 

highly antibacterial honey is valuable.  

Frequency of collection was another interesting variable identified in this study. 

Honeys collected in 2011 consisted of honeys that were fully ripened and honeys that 

were collected weekly from a single bee yard. There was a significant difference in 

antibacterial activity between these two groups. This appears to be the first report that 

antibacterial capacity is poor or nonexistent if honey is not fully ripe at the time of 

collection. It is not known whether the differences in antibacterial activity between the 

two types of honey samples are due to simple concentration, which occurs with ripening, 

to other changes such as addition of bee products that may occur during ripening, or to 

both. Future studies should consider the time to extraction as an important variable for 

the antibacterial activity of honey. Three out of twenty-six honey samples were found to 

be contaminated. Both contaminations in the 2011 collection (one in honey sample 4 and 

9) were due to Gram-positive cocci. Both of these were considered to be Staphylococcus 

contaminations. It is hypothesized that these contaminations occurred after collection and 

were a result of the generally low antibacterial activity in honey samples 4 and 9 that 

prevented the honey from killing these contaminants. Honey sample 10 in the 2012 

collection was contaminated with Gram-positive rods, which was most likely Bacillus. 

This bacterium was possibly brought into the honey by the honeybees where it laid 

dormant as an endospore until given a medium where it could thrive (37). From the 

literature, we can determine that this type of contamination is common since Bacillus 



 64 

spp.are found in the environment surrounding honey (soil, pollen, flowers, hives etc.). 

Bacillus has also been found in the trachea of healthy adult bees (42). 

There were significant differences among the outcomes when agar dilution was 

compared with microbroth dilution assays of the same honey sample. It is possible that 

the agar dilution method is not optimal for testing honey. Honey had to be added to the 

agar at approximately 50°C, a temperature which could have had an effect on heat labile 

antibacterial components of honey. Future studies should determine the effect of short-

term exposure to 50°C heat on the heat labile components of honey (41). Brudzynski et 

al. (2006) suggested the antibacterial activity of Canadian honeys was related to their 

potential hydrogen peroxide generation by heat-labile glucose oxidase.. Our hypothesis 

that heat may have played a role in decreased antibacterial activity of honeys in the agar 

dilution assay of our study is also supportive of Brudzynski’s findings. Boorn et al. 

(2010) conducted various antibacterial assays to assess the strengths and weaknesses of 

methods for determining antibacterial activity of honey. They reported that agar diffusion 

methods were not ideal as they produced results that did not align with those from other 

assays. For this reason, agar dilution methods were used rather than agar diffusion to 

conduct our study. Boorn et al. (2010) also compared agar dilution and microbroth 

dilution assays and found that in honey produced by stingless bees, MIC’s for the 

microbroth dilution were <32% regardless of bacteria type compared to 4% to >10% for 

Gram-positive bacteria and 6% to >16% for Gram-negative bacteria when conducting the 

agar dilution assay. The results from agar dilution and microbroth dilution assays also 

differed from each other, presumably because of methodological differences.  Since 
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dilutions were different, it is difficult to compare our results to those of Boorn et al. 

(2010), who listed differences in protocol as a source of the variation in their results.  

 Both 2011 and 2012 collection periods produced highly antibacterial honey 

samples, however there were differences in antibacterial activity between collections. In 

contrast to the honey samples harvested in 2011, none of the honey samples collected in 

2012 had MICs as low as that of Medihoney™, although honey samples #8 and #11 had 

bactericidal activity no different from that of Medihoney™. There are many potential 

explanations for the differences between honeys collected in summer 2011 and 2012 that 

can be speculated.  

 Southern Ontario was one of the few areas in the country to experience a dryer 

than normal summer season in 2012. Great Lakes and St. Lawrence lowlands region 

experienced a 14% drop in precipitation from the regional average  (16). Leading up to 

the summer 2012 period, southern Ontario also experienced an extremely warm month of 

March. The all-time high temperature record for Toronto, Ontario, was broken when 

temperatures reached 26°C, a temperature that had not been reached since 1946. 

Kitchener, Ontario, located adjacent to Guelph, experienced eight consecutive days of 

temperatures over 20°C in March 2012 (17). These departures from the seasonal norms 

could have had an effect on the honey production and the normal functioning of 

honeybee hives. While it is well established that honeybees have a unique and impressive 

ability to maintain in-hive temperatures of between 32°-36°C regardless of outside 

temperatures or prolonged exposure to extreme weather, European honeybee honey 

production behaviors have not been examined extensively. Brood rearing for example is 

extremely temperature sensitive. The ideal temperature for a brood chamber is 33°C-
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36°C, however, even a small incremental increase of 2°C in temperature can be fatal for 

developing brood. Warm breaks in the winter months (10°C and warmer) can be 

instrumental in allowing the bees to obtain food from other areas of the hive and to allow 

for cleansing flights; however, little is known about what effects long warm breaks in late 

winter months have on the foraging behaviors of honeybees (39). It is possible that long 

warm breaks followed by a cold snap can disrupt bee behavior. Furthermore, mechanisms 

of honeybee thermoregulation include using water to cool honey and capped brood cells. 

Water foragers spread tiny amount of water over capped cells and evaporate them via 

fanning, thereby cooling the hive the same way an air conditioner functions (39). The 

drop in precipitation over the summer months could therefore have influenced the amount 

of evaporative cooling in beehives, changed normal thermoregulation in honeybee hives, 

and result in potential negative effects on honey stored within the hive.  

Beyond seasonal factors, there are unknown circumstances and additional 

environmental pressures that could have influenced honey production in beehives.  

Warmer summers can predispose the honeybee hives to an increase in mite and other 

pests that result in damage (22). Earlier summers can also mean that local botanical 

sources of nectar have an earlier blooming period and can impact the antibacterial 

activity of the honey that honeybees are producing. Different botanical sources have been 

correlated with high antibacterial activity in honey, most notably in manuka honey (main 

ingredient of Medihoney™) derived from the Leptospermum scoparium plant (7, 27, 34). 

It is possible that over summer 2012, certain botanical sources were less, or not available 

to nectar foragers, that impacted the antibacterial activity of honey collected during this 

time.  
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In order to have more diverse honey samples and increase the chances of 

discovering exceptional honeys in southwestern Ontario, it is necessary to increase the 

geographical range of honey collection. Other factors that should be noted when 

conducting similar experiments are the weather and seasonal changes over the honey 

production months. Weather patterns and antibacterial activity of honey have yet to be 

evaluated for correlations in places such as southwestern Ontario where honey seasons 

are shorter and weather patterns are highly variable. Incorporation of these elements into 

a study would require investigation over a number of years and over a wider area of 

southwestern Ontario. 

Some of our honey samples (summer 2012: #3, #8, #10, #11) were similar to 

Medihoney™ in antibacterial activity against both Gram-positives and Gram-negative 

organisms. This finding reinforces previous evidence that honey has broad-spectrum 

antibacterial activity (26). Honey samples #8 and #11 had similar MBC values to 

Medihoney™, but not similar MIC values. This could indicate that there are different 

mechanisms of antibacterial activity between Medihoney™ and the collected honeys. It is 

possible that the Medihoney™ may have more effective inhibitory mechanisms, while 

the collected honey samples may have just as effective bactericidal mechanisms. 

Artificial honey had higher MIC and MBC concentrations when compared with natural 

honey. This result was expected based on the literature (15). This indicates that non-sugar 

antibacterial components of natural honey are responsible for additional antibacterial 

activity. Several additional components that contribute to the antibacterial activity of 

honey have been identified. These include glucose oxidase, an enzyme found in natural 

honeys, which leads to production of hydrogen peroxide from glucose (5,32,45). Glucose 
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oxidase is temperature sensitive and has been reported to denature at 55.7°C (46). It is 

unlikely that temperatures this high could occur in beehives so the probability of 

enzymatic disruption due to heat within the hives is low. 

The refractometer readings from the ripened samples of honey were lower than 

those for the samples collected on a weekly basis, suggesting that there may be a 

correlation between water content of honey and antibacterial activity. Most edible honey 

has a water percentage between 13.9%-18% according to Lazaridou et al. (2004). The 

water content is related to the osmolarity of the honey, which has been linked with 

antibacterial activity (2,31). The average refractometer reading for samples from weekly 

collection was 20.15 compared to 17.24 for fully ripened samples.  

The pH values of the honey were consistent with other reported pH values for 

pasture honeys (36). It was surprising that honey sample #4 from summer 2012 had a 

higher pH value than that of artificial honey. It is noteworthy that this honey had lower 

antibacterial activity when compared with other collected honeys. This suggests that pH, 

in combination with other factors, might be indicative of the antibacterial activity of 

honey. The refractive indices for the 2012 honey samples were similar to refractive 

indices for the honeys from the summer of 2011 indicating comparable water content in 

both collections and therefore corresponding osmolarity.  

The broth dilution assay was highly reproducible. This is indicated by 

examination of the results of triplicate tests conducted on all the honey samples. In all 

cases, the 3 tests of the same honey conducted at the same time gave the same MIC and 

MBC results. The data on tests of medihoney against the same organisms over time also 

attest to the reproducibility of the method. Variations in MIC data with Medihoney™ 
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were observed with two different tubes of the honey but the results were reproducible for 

each tube.  Tube 1 was tested 48 times and tube 2 was tested 33 times in order to 

determine reproducibility.  

2.6. CONCLUSIONS 

A subset of honey samples harvested in 2011 in southwestern Ontario had 

antibacterial activity comparable to that of Medihoney™; however, honey samples 

collected over summer 2012 had antibacterial activity that was less than that of 

Medihoney™.  Samples of honey that were not ripe generally had undetectable 

antibacterial activity. Minimum inhibitory concentration data from agar dilution tests did 

not always correlate with those from broth dilution and it may be prudent to investigate 

the temperature/time parameters for enzyme deactivation in honey to assess whether this 

could affect the results obtained with this test. Artificial honey was not as antibacterial as 

natural honey, confirming that Ontario honeys contained antibacterial activity beyond 

what can be attributed to osmolarity. Additional research to identify the active 

antibacterial components of the various honey samples may determine the reasons for the 

differences in antibacterial activity.  
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TABLE 1. Mean minimum inhibitory concentration (MIC) and mean minimum bactericidal concentration (MBC) values (w/v) for the 

honey samples collected on a routine basis in 2011 compared with Medihoney™ 

 

 MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC 
Strains  Medihoney™ 

 

Honey 

Sample 2 

(July-August) 

Honey 

Sample 3 

(May15-July 

7) 

Honey Sample 

7 

(July-August) 

Honey Sample 

15 (July-Sept.) 

Honey Sample 

16  

(August-Oct) 

Honey 

Sample 17  

(August-

Oct) 
PA 17937

a 
12.5 25 12.5 12.5 12.5 12.5 12.5 25 12.5 25 12.5 12.5 12.5 >25 

PA 18275.13 12.5 25 12.5 12.5 12.5 25 12.5 >25 12.5 25 12.5 12.5 25 25 

EC 10-

018257b 12.5 12.5 12.5 12.5 12.5 25 12.5 >25 25 >25 12.5 12.5 25 25 

EC 17937 12.5 12.5 12.5 >25 12.5 25 >25 >25 25 >25 12.5 25 25 25 

MRSA A59c 
12.5 12.5 12.5 12.5 6.25 12.5 12.5 25 25 >25 6.25 12.5 12.5 >25 

MSSA A85d 
12.5 12.5 12.5 12.5 12.5 12.5 12.5 25 25 >25 6.25 >25 12.5 >25 

MRSP A42e 
6.25 6.25 25 25 6.25 6.25 25 25 25 >25 12.5 12.5 25 25 

MSSP A53f 6.25 25 25 25 6.25 6.25 25 25 25 >25 12.5 25 25 25 

EN 10-

019616-2g 25 25 >25 >25 12.5 12.5 >25 >25 25 >25 25 >25 25 >25 

Enterococcus 

faecalis ES8 
12.5 >25 25 >25 25 >25 >25 >25 25 >25 25 >25 25 >25 

 

 

a
PA= P. aeruginosa, 

b
EC= E. coli, 

c
MRSA= Methicillin-resistant S. aureus, 

d
MSSA= Methicillin-sensitive S. aureus, 

e
MRSP= Methicillin-resistant S. 

pseudintermedius
 
, 

f
MSSP= Methicillin-sensitive S. pseudintermedius ,

 g
EN= Enterococcus faecium 

 

 

 

 



 71 

TABLE 2. Mean minimum inhibitory concentration (MIC) and mean minimum bactericidal concentration (MBC) values (w/v) for 

honey samples collected on a weekly basis in 2011 compared with Medihoney™ 

 

 
a
PA= P. aeruginosa, 

b
EC= E. coli, 

c
MRSA= Methicillin-resistant S. aureus, 

d
MSSA= Methicillin-sensitive S. aureus, 

e
MRSP= Methicillin-resistant S. 

pseudintermedius
 
, 

f
MSSP= Methicillin-sensitive S. pseudintermedius,

 g
EN= Enterococcus faecium 

 

 

 

 

 MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC 
Strains  Medihoney™ 

 

Honey Sample 4 

(July 7 to July 

13) 

Honey Sample 5 

(July 13 to July 

20) 

Honey Sample 6 

(July 20 to July 

27) 

Honey Sample 8 

(July 27 to Aug 

3) 

Honey Sample 9 

(Aug 3 to Aug 

10) 

PA 17937
a 

12.5 25 >25 >25 >25 >25 >25 >25 >25 >25 >25 >25 

PA 18275.13 12.5 25 >25 >25 >25 >25 >25 >25 >25 >25 >25 >25 

EC 10-

018257b 12.5 12.5 >25 >25 >25 >25 >25 >25 >25 >25 >25 >25 

EC 17937 12.5 12.5 >25 >25 >25 >25 >25 >25 >25 >25 >25 >25 

MRSA A59c 
12.5 12.5 >25 >25 >25 >25 >25 >25 >25 >25 25 25 

MSSA A85d 
12.5 12.5 >25 >25 >25 >25 >25 >25 >25 >25 >25 >25 

MRSP A42e 
6.25 6.25 >25 >25 >25 >25 >25 >25 >25 >25 25 >25 

MSSP A53f 6.25 25 >25 >25 >25 >25 >25 >25 >25 >25 >25 >25 

EN 10-

019616-2g 25 25 >25 >25 >25 >25 >25 >25 >25 >25 >25 >25 

Enterococcus 

faecalis ES8 
12.5 >25 >25 >25 >25 >25 >25 >25 >25 >25 25 >25 
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TABLE 2. continued Mean minimum inhibitory concentration (MIC) and mean minimum bactericidal concentration (MBC) values 

(w/v) for honey samples collected on a weekly basis in 2011 compared with Medihoney™ 
 

 

a
PA= P. aeruginosa, 

b
EC= E. coli, 

c
MRSA= Methicillin-resistant S. aureus, 

d
MSSA= Methicillin-sensitive S. aureus, 

e
MRSP= Methicillin-resistant S. 

pseudintermedius
 
, 

f
MSSP= Methicillin-sensitive S. pseudintermedius ,

 g
EN= Enterococcus faecium,

 
 

 

 

 

 

 

 MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC 
Strains  Medihoney™ 

 

Honey Sample 

10 (Aug 10 to 

Aug 24) 

Honey Sample 

11 (Aug 24 to 

Aug 31) 

Honey Sample 

12 (Aug 31 to 

Sept 7) 

Honey Sample 13 

(Sept 7 to Sept 

14) 

Honey Sample 

14 (Sept 14 to 

Sept 22) 

PA 17937
a 

12.5 25 >25 >25 >25 >25 >25 >25 25 >25 25 >25 

PA 18275.13 12.5 25 >25 >25 >25 >25 >25 >25 25 >25 25 >25 

EC 10-

018257b 12.5 12.5 >25 >25 >25 >25 >25 >25 >25 >25 >25 >25 

EC 17937 12.5 12.5 >25 >25 >25 >25 >25 >25 >25 >25 >25 >25 

MRSA A59c 
12.5 12.5 >25 >25 >25 >25 >25 >25 25 >25 25 25 

MSSA A85d 
12.5 12.5 >25 >25 >25 >25 >25 >25 25 >25 25 >25 

MRSP A42e 
6.25 6.25 25 >25 >25 >25 >25 >25 25 >25 25 >25 

MSSP A53f 6.25 25 >25 >25 >25 >25 >25 >25 25 >25 25 >25 

EN 10-

019616-2g 25 25 >25 >25 >25 >25 >25 >25 25 >25 25 >25 

Enterococcus 

faecalis ES8 
12.5 >25 25 >25 >25 >25 >25 >25 25 >25 >25 >25 
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TABLE 3. Mean minimal inhibitory concentration (MIC) and mean minimum bactericidal concentration (MBC) values (w/v) 

expressed as percentages for Medihoney™ and May 15
th

-July 7
th

 honey against two contaminant Staphylococcus isolates  

 

 

 Medihoney™ May 15
th

 – July 7
th

 

(Honey sample 3) 

Isolate MIC MBC MIC MBC 

August 3
rd

-10
th

 3.125 12.5 6.25 12.5 

July 7
th

-13
th

  12.5 25 12.5 25 
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TABLE 4. Mean minimum inhibitory concentrations (w/v) from the agar dilution assay for selected honey samples (2011) 

 

(A) = weekly samples, (B) = routine collection 
aMethicillin-resistant S. pseudintermedius, bMethicillin-sensitive S. pseudintermedius, cMethicillin-resistant S.aureus, dMethicillin-resistant 
S. aureus 
 
 
 

New Strains: 
Medihoney™  Honey Sample 2 

(June-Sept) (B) 

  Honey Sample 3 (May 

15- July 7) (B) 

Honey Sample 4 (July 7 

to July 14) (A) 

  Honey Sample 16 

(Aug-Oct) (B) 

MRSP:
a 

     

BK-16 12.5 12.5 12.5 25 12.5 

BK-21 16.7 12.5 12.5 25 12.5 

BK-24 20.8 16.7 16.7 25 12.5 

PA (Pseudomonas 

aeruginosa): 
     

BK- 70 20.8 25 12.5 25 12.5 

BK-71 25 25 12.5 25 12.5 

BK-72 20.8 12.5 12.5 25 12.5 

BK-73 25 25 12.5 25 12.5 

Enterococcus:      

EM27 12.5 25 16.7 25 25 

ES 22 16.7 25 16.7 25 25 

ES 2 20.8 25 25 25 12 

EM 13 12.5 25 12.5 25 25 

MSSP:
b 

     

A112 12.5 12.5 16.7 25 12.5 

A108 12.5 12.5 12.5 25 12.5 

A45 12.5 12.5 12.5 25 12.5 

MRSA:
c 

     

M0640 12.5 25 12 25 12.5 

M0657 16.7 25 20 25 12.5 

M1171 12.5 25 25 25 12.5 

MSSA:
d 

     

A63 12.5 12.5 12.5 25 12.5 

A109 16.7 12.5 12.5 25 12.5 

A33 12.5 25 12.5 25 20.8 
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TABLE 4 continued. Mean minimum inhibitory concentrations (w/v) from the agar dilution assay for select honey samples (2011) 

 

 

(A)= weekly samples, (B) = routine collection 
aMethicillin-resistant S. pseudintermedius, bMethicillin-sensitive S. pseudintermedius, cMethicillin-resistant S. aureus, dMethicillin-resistant 
S. aureus 

New Strains: 
Medihoney™ Honey Sample 2 

(June-Sept) (B) 

Honey Sample 3 (May 

15- July 7) (B) 

Honey Sample 4 

(July 7 –July 14) (A) 

Honey Sample 16 

(Aug-Oct) (B) 

E. coli:      

SL 174.1 12.5 25 25 25 25 

SL 177.2 16.7 25 25 25 25 

SL 180.3 16.7 25 25 25 20.8 

SL 184.1 16.7 25 25 25 20.8 

Previous Strains:      

PA (Pseudomonas 

aeruginosa): 
     

PA 17937 16.7 12.5 12.5 25 12.5 

PA 18275.13 20.8 12.5 12.5 25 12.5 

Enterococcus faecalis:       

ES8 12.5 25 16.7 25 25 

MRSP:      

A42 12.5 12.5 20.8 25 12.5 

MSSP:      

A53 12.5 12.5 12.5 25 12.5 

MRSA:      

A59 20.8 25 16.7 25 16.7 

MSSA:      

A85 12.5 25 12.5 25 12.5 

Enterococci:          

10-019616-2 25 25 20.8 25 25 

E. coli:      

EC 10-018257 20.8 25 25 25 16.7 

EC 17937 20.8 25 25 25 25 
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TABLE 5.  Mean refractometer readings for the samples of honey collected in 2011 

 

Samples          ID# Refractometer reading 

 

Set #1 – weekly batches 

of honey 2011 

 

 

July 7 to July 13 4 18.4 

July 13 to July 20 5 18.1 

July 20 to July 27 6 19.1 

July 27 to August 3 8 18.5 

August 3 to August 10 9 23.7 

August 10 to August 24 10 22.2 

August 24 to August 31 11 19.3 

August 31 to Sept 7 12 23.8 

Sept 7 to Sept 14 13 19.3 

Sept 14 to Sept 22 14 19.1 

 

Set #2 - Samples of 

ripened honeys 

  

   

Willowbee honey  (July-

August) 
2 17.3 

May 15th- July7th 3 17.3 

Summer bloom (July-

August) 
7 17.1 

Summer bee lab (July-

September) 
15 18.0 

Alfalfa honey (Aug-Oct) 16 17.2 

Golden rod (late Aug-

Oct) 
17 17.3 

Control honey-  

Medihoney
TM

 
1 15.0 
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TABLE 6. Mean minimum inhibitory concentration (MIC) and mean minimum bactericidal concentration (MBC) values (w/v) for the 

honey samples (2012) 

 
a
PA= P. aeruginosa, 

b
EC= E. coli, 

c
MRSA= Methicillin-resistant S. aureus, 

d
MSSA= Methicillin-sensitive S. aureus, 

e
MRSP= Methicillin-resistant S. 

pseudintermedius
 
, 

f
MSSP= Methicillin-sensitive S. pseudintermedius ,

 g
EN= Enterococcus faecium,

 h
Area A=Hives located at U of G, 

i
Area B= Hives located 

outside of U of G  

 

 

 

 

  MIC MBC MIC MBC MIC MBC MIC MBC MIC MIC MBC MIC MBC  MBC 

Strains 
Medihoney™ 

 

Artificial honey 

(Honey sample 

2) 

Honey sample 3 

(May-June
a, 

Area A) 

Honey 

sample 4 

(May-June, 

Area B
i
)   

Honey sample 

5 

(July-August, 

Area B) 

Honey sample 6 

(July-August, 

Area B) 

Honey sample 7 

(August-Sept, 

Area A) 

PA 17937
a 

6.25 12.5 50 >50 12.5 50 25 25 25 25 25 25 25 50 

PA 18275.13
 

12.5 12.5 50 >50 12.5 25 25 25 25 25 25 25 25 25 

EC 10-018257
b 

12.5 25 50 >50 12.5 25 25 25 25 >50 25 >50 25 >50 

EC 17937 12.5 12.5 50 >50 25 12.5 25 25 25 >50 25 >50 25 >50 

MRSA A59
c 

6.25 12.5 50 >50 6.25 6.25 25 25 25 50 25 50 25 50 

MSSA A85
d 

6.25 12.5 50 >50 6.25 50 25 25 25 >50 25 >50 25 50 

MRSP A42
e 

6.25 12.5 50 >50 50 >50 25 25 50 50 25 >50 50 50 

MSSP A53
f 

6.25 25 50 >50 12.5 12.5 25 25 25 50 25 50 25 50 

EN10-019616-2
g 

12.5 50 50 >50 6.25 12.5 50 25 50 50 50 50 25 >50 

Enterococcus 

faecalis ES8 
12.5 50 50 >50 

50 50 
50 50 

50 50 50 >50 25 >50 

Wound bacteria from AHL 

 

1: S. 

pseudintermedius  
12.5 12.5 50 >50 

12.5 25 
25 25 

25 50 25 50 25 50 

2: S. 

pseudintermedius  
6.25 6.25 50 >50 

12.5 25 
25 25 

25 50 12.5 50 25 25 

Enterococcus 

faecalis 
12.5 25 50 >50 

50 >50 
50 50 

50 >50 50 >50 25 >50 

Streptococcus 

canis 
12.5 12.5 50 >50 

25 50 
25 25 

25 50 12.5 25 12.5 25 

E. coli 12.5 25 50 >50 25 25 25 50 25 >50 25 >50 25 >50 
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TABLE 6 continued. Mean minimum inhibitory concentration (MIC) and mean minimum bactericidal concentration (MBC) values 

(w/v) for the honey samples (2012) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

  
a
PA= P. aeruginosa, 

b
EC= E. coli, 

c
MRSA= Methicillin-resistant S. aureus, 

d
MSSA= Methicillin-sensitive S. aureus, 

e
MRSP= Methicillin-resistant S. 

pseudintermedius
 
, 

f
MSSP= Methicillin-sensitive S. pseudintermedius, ,

 g
EN= Enterococcus faecium,

 h
Area A=Hives located at U of G, 

i
Area B= Hives located 

outside of U of G  

 

 

 

 

Strains 
Medihoney™ 

 

Honey sample 8 

(Sept-Oct, Area 

A) 

Honey sample 9 

(July-September, 

Area B) 

Honey sample 

10 

(July-August, 

Area B) 

Honey sample 

11 

(Sept-Oct, Area 

B) 

Honey sample 

12 

(Sept-Oct, Area 

B 

PA 17937
a 

6.25 12.5 12.5 12.5 25 50 25 25 25 25 12.5 25 

PA 18275.13
 

12.5 12.5 12.5 25 25 50 25 25 25 25 25 25 

EC 10-018257
b 

12.5 25 25 25 50 50 50 50 25 25 25 >50 

EC 17937 12.5 12.5 12.5 50 50 50 25 50 25 50 25 >50 

MRSA A59
c 

6.25 12.5 6.25 6.25 25 25 25 25 12.5 12.5 25 50 

MSSA A85
d 

6.25 12.5 6.25 12.5 25 25 25 25 12.5 50 25 50 

MRSP A42
e 

6.25 12.5 12.5 12.5 25 50 25 25 25 25 12.5 50 

MSSP A53
f 

6.25 25 25 25 50 50 25 25 25 25 25 50 

EN10-019616-2
g 

12.5 50 25 >50 50 >50 50 50 50 50 50 >50 

Enterococcus faecalis 

ES8 
12.5 50 25 >50 50 >50 50 50 50 50 50 >50 

Wound bacteria from AHL 

 

1: S. pseudintermedius  12.5 12.5 12.5 25 25 50 25 50 25 25 12.5 50 

2: S. pseudintermedius  6.25 6.25 12.5 12.5 50 50 25 25 25 25 25 50 

Enterococcus faecalis 12.5 25 25 >50 50 >50 50 50 50 50 50 >50 

Streptococcus canis 12.5 12.5 12.5 50 25 50 25 25 12.5 25 12.5 25 

E. coli 12.5 25 25 25 25 >50 25 50 25 25 25 >50 
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TABLE 7. Mean refractometer readings and mean pH readings for each honey sample tested (2012) 

 

 
a
Area A=Hives located at U of G, 

b
Area B= Hives located outside of U of G 

 

 

 

 

 

 

 

Samples ID Refractometer readings pH readings 

Medihoney ™  1 15.0 3.81 

Artificial honey  2 13.0 5.03 

May-June
a
 3 21.3 3.94 

May-June
b
 4 16.3 5.14 

July-August
b
 5 16.5 3.73 

July-August
b
 6 18.2 4.33 

August-Sept
a
 7 16.5 4.04 

Sept-Oct
a
 8 17.9 3.74 

July-Sept
b
 9 17.0 3.54 

June-Aug
b
 10 14.0 4.01 

Sept-Oct
b
 11 15.1 3.43 

Sept-Oct
b
 12 15.9 3.70 
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a
PA= P. aeruginosa, 

b
EC= E. coli, 

c
MRSA= Methicillin-resistant S. aureus, 

d
MSSA= Methicillin-sensitive S. aureus, 

e
MRSP= Methicillin-resistant S. 

pseudintermedius
 
, 

f
MSSP= Methicillin-sensitive S. pseudintermedius ,

 g
EN= Enterococcus faecium 

*Tube 1 was tested 48 times and tube 2 was tested 33 times. MIC is expressed as dilution of the honey. 

FIG 1. Variability in MIC of Medihoney™ between two tubes used for testing 
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a
PA= P. aeruginosa, 

b
EC= E. coli, 

c
MRSA= Methicillin-resistant S. aureus, 

d
MSSA= Methicillin-sensitive S. aureus, 

e
MRSP= Methicillin-resistant S. 

pseudintermedius
 
, 

f
MSSP= Methicillin-sensitive S. pseudintermedius ,

 g
EN= Enterococcus faecium 

*Tube 1 was tested 48 times and tube 2 was tested 33 times. MBC is expressed as dilution of the honey. 

FIG 2. Variability in MBC of Medihoney™ between two tubes used for testing 
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3.1 Abstract 

The effects of long-term storage on honey were investigated on honey samples collected from 

Guelph, Ontario, and surrounding area and compared with Medihoney™ (100% manuka honey 

paste). Three collected honey samples and a sample of Medihoney™ were each divided into two 

aliquots; one was stored for 8 months at 4°C and the other for 8 months at -20°C. It was found 

that storage at both temperatures reduced the antibacterial activity of the collected honeys, but 

not the Medihoney™, as determined by microbroth dilution.  The refractive indices of the honey 

samples indicated that there was a decrease in water content in the collected honeys. The effects 

of gamma irradiation were examined in five samples of collected honey. It was found that 

gamma irradiation at a dose of 25 kGy did not affect the antibacterial activity of honey 

(P=0.797). The pH and refractive indices were also not affected by irradiation.  
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3.2 Introduction 

 

Honey is regaining popularity as a topical antibacterial agent in human and veterinary medicine.  

Key aspects in utilizing honey as a medicinal agent are preventing bacterial contamination of the 

honey, and maintaining antibacterial efficacy. Honey production and collection occur at a 

specific period during the year in many countries; therefore methods of storage may affect 

antibacterial efficacy. Honey has been used medicinally as an antibacterial agent for centuries, 

but there is little experimental data on storage conditions that preserve its antibacterial activity or 

the influence long-term storage has on this activity (Brudzynski and Kim, 2011; Mandal and 

Mandal, 2011). Brudzynski and Kim (2011) tested the antibacterial activity of various honeys 

against Bacillus subtilus and Escherichia coli and found there was a large decrease in 

antibacterial activity of honey after storage at room temperature (approximately 24 °C) for 3-6 

months. These authors attributed the antibacterial activity to phytochemicals and suggested that 

the active phytochemical components in the honey might be sequestered into melanoidin 

aggregates during these storage conditions, thereby rendering them inactive (Brudzynski and 

Kim, 2011).   

  Honey may contain bacterial contaminants and this may pose problems when used for 

wound management; therefore, commercial honey preparations used for medicinal purposes are 

gamma irradiated to ensure sterility without destroying the active components within honey. The 

gamma-irradiated honey is referred to as medical grade honey and is prepared in various forms 

to manage wounds or mucosal lesions (Werner and Laccourreye, 2011). Medihoney™, 

Antibacterial Honey (Derma Sciences Inc., Toronto, Ontario) is a commercially available topical 

preparation that comes in a variety of forms and contains various percentages of manuka honey 

(active ingredient) derived from nectar from Leptospermum species from Australia and New 
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Zealand. Knowledge of the processing of the honey to produce this commercial preparation is 

not publicly available, however it is gamma irradiated to make it sterile. For this study, a 

Medihoney™ paste that is 100% manuka honey was used as the criterion standard with which 

the antibacterial efficacy of our test honeys was compared. Indications for this product as 

described by the manufacturer are: “For use in wounds with light to moderate exudate and hard 

to dress areas including tunneled or undermined wounds, or sinus tracts” (Derma Sciences Inc., 

Toronto, Ontario). This product is licensed for wound care for humans in Australia, Hong Kong, 

New Zealand Europe, and Canada and the USA (Cooper et al. 2010). The antibacterial activity of 

Medihoney™ is attributed to a combination of glucose oxidase activity and Leptospermum 

derived compounds  (Simon et al., 2009). 

It has been reported that there is no effect on the antibacterial components when honey is 

gamma irradiated in polyethylene jars or bags (Molan and Allen, 1996; Saxena, 2010). 

Polyethylene has been approved by the U.S. Food and Drug Administration for exposure to 

radiation levels up to 60 kGy and is known to possess good moisture barrier properties (Diehl, 

1990; Basantia, 2000). Glass jars have also been used as holding cells for samples during gamma 

irradiation (Lazim, 2010); however, there has been no comparison between the effects of glass 

and polyethylene containers for gamma irradiating honey.  

The aim of this study was to evaluate (1) the effects of storage by freezing (temperature -

20
o
C) or cooling (temperature 4

o
C), and (2) the effects of gamma irradiation using polyethylene 

or glass containers, on the antibacterial activity of highly antimicrobial honey.  

3.3 Materials and methods 

3.3.1Honey samples 

3.3.1.1Effects of storage on antibacterial activity  
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Honey for storage was collected in southwestern Ontario during summer of 2011. Three 

samples  (#2, #3 and #16) were compared to Medihoney™ (Derma Sciences Inc., Toronto, 

Ontario). These honey samples were collected by beekeepers in a routine manner, when the 

honey was fully ripened, from various locations in, and in close proximity to, Guelph, Ontario, 

Canada. Ripening usually takes between 1 and 2 months but the honey can also be considered 

ready for collection once the frame that contains the honey has 75% of its comb capped with 

bees’ wax (Townsend, 2006). These samples were frozen at -20°C immediately after collection 

for 1 week before the honey samples were tested for antibacterial activity (Figure 1), using 

microbroth dilution methods outlined below. Following this testing, aliquots of honey were 

dispensed into clear glass jars, sealed, and placed in a refrigerator at 4°C and a freezer at -20°C 

immediately after determining their antibacterial activity and remained there for 8 months. The 

samples were not thawed and refrozen; rather the frozen honey was cut and quickly moved to 

jars and replaced in the freezer to prevent freeze-thaw damage. Throughout the study the honey 

was not thawed except in cases where the honey had to be moved permanently from -20°C to 

4°C for experimental purposes. Samples were removed from storage and re-tested using the same 

methods as those for the fresh honey (Figure 1). Refractometer readings were taken before and 

after storage, using Atago Honey Refractometer (cat No. 326, Atago Inc., Bellevue, Washington, 

USA). The standardizing solution used was Cargille Certified Refractive Index Liquids, 1.488 

+/-.0002, n25°C.  

3.3.1.2 Effects of gamma irradiation on antibacterial activity 

Five honey samples (#4, #5, #6, #7, #10) collected during summer 2012 and previously 

tested for antibacterial activity, were subjected to gamma irradiation. During the summer of 

2012, five beekeepers in, and in close proximity to, Guelph, Ontario, Canada, each donated 
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honey samples for each collection period. Collection periods were designated by each individual 

beekeeper. The honey was frozen at -20°C immediately after collection and transported to our 

laboratory. Each jar of honey was wrapped in aluminum foil and kept frozen at -20°C until initial 

antibacterial testing was performed after 1 week of storage (Figure 2).   

 After initial antibacterial testing, approximately 30 g of each honey sample to be tested 

were placed in a glass vial and in a polyethylene vial. Collection of 5 appropriate honey samples, 

shipping and irradiation took 2 months. During this time, the remaining honey from each sample 

was stored in the refrigerator at 4°C for up to 2 months. Honey sample #10 was contaminated 

with Gram-positive rods, which were considered to be Bacillus based on aerobic growth, large 

hemolytic colonies on blood agar, and presence of spores and Gram-positive rods in Gram-

stained smears. 

Samples of honey were gamma irradiated at McMaster Nuclear Reactor, NRB-128, 

McMaster University, 1280 Main Street West, Hamilton, Ontario. Samples were irradiated at 25 

kGy (Molan and Allen, 1996). All gamma irradiated samples and the stored untreated samples 

were re-tested using microbroth dilution assays as described for previous tests (Figure 2). 

 Samples of honey were analyzed in the same refractometer and the readings were 

recorded. The pH readings were recorded using a Fisher Scientific Accumet AR20 

pH/conductivity meter. Three readings were taken and averaged to obtain the final values. 

Determination of osmolality of honey samples 

Honey was diluted to 25%, 12.5%, 6.25%, 3.125% and 1.56% in phosphate buffered 

saline solution (PBS) and tested in an osmometer (Micro-osmometer, Advance Instruments Inc., 

Model 3MO, Norwood, Massachusetts, USA). The principle of the method is freezing point 

depression.  
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3.3.2 Bacteria 

The following strains of bacteria were used for both series of tests: two strains each of 

Enterococcus (one faecium and one faecalis), Escherichia coli, Pseudomonas aeruginosa, 

Staphylococcus pseudintermedius, and Staphylococcus aureus.  One of the S. pseudintermedius 

strains was methicillin-resistant (MRSP) and one was methicilin-sensitive (MSSP). One S. 

aureus strain was methicillin-resistant (MRSA) and one was methicillin-sensitive (MSSA). All 

strains were obtained from the Ontario Veterinary College Department of Pathobiology and were 

of canine or feline origin.  Each strain was incubated overnight at 37°C, subcultured, and 

incubated overnight at 37°C on Columbia blood agar (CM0331, Columbia Blood Agar Base, 

Oxoid, Nepean, Ontario).. Working suspensions of bacteria were all made with 24-h cultures 

(Miorin et al., 2003). 

3.3.3 Minimum inhibitory concentration 

A McFarland’s 0.5 standard suspension of bacteria was prepared by diluting bacteria with 

PBS; this represents approximately 10
8
 colony forming units (CFU)/mL. All McFarland 0.5 

suspensions of bacteria were verified using a Sensititre Nephelometer (Trek Diagnostic Systems, 

Sun Prairie, Wisconsin, USA). This bacterial suspension was further diluted with Mueller Hinton 

broth (MHB; CM0405, Mueller Hinton Broth, Oxoid, Nepean, Ontario) to achieve a bacterial 

concentration of approximately 5×10
5 

CFU/mL.  For each strain, a 50 µL volume of bacterial 

suspension was dispensed into a 96-well microtitre plate (Blair et al., 2008; Brudzynski et al., 

2011). A positive control (no honey) and a negative control (no bacteria) were included on each 

plate (Henriques et al., 2010, 2011). This mixture was subsequently serially diluted to 25%, 

12.5% and 6.25% (w/v) for the storage study and 50%, 25%, 12.5%, 6.25%, 3.125%, and 1.56% 

(w/v) for the gamma irradiation study. A 50 µL volume of each dilution of honey was dispensed 



 95 

into each well of the microtitre plate in which bacteria had been dispensed. Serial dilutions of 

50%, 25%, 12.5%, 6.25%, 3.125%, and 1.56% were made for the 2012 samples by diluting 

honey directly with MHB containing 5 × 10
5
 CFU/mL bacteria to achieve an initial dilution of 

50% honey. The plates were covered and incubated for 24 h at 37°C. The MIC was determined 

by identifying the concentration of honey that resulted in no visible growth in the microtitre 

plate. All tests were done in triplicate and a mean value was determined. 

3.3.4 Minimum bactericidal concentrations 

To determine the minimum bactericidal concentration (MBC) for each honey sample, 10-

µL aliquots were taken from the wells with the MIC of honey and from wells with honey that 

was one and two dilutions less dilute than the MIC. These aliquots were plated onto Columbia 

blood agar plates (CM0331, Columbia Blood Agar Base, Oxoid, Nepean, Ontario). The plates 

were covered and incubated for 24 h at 37°C. Each of these tests was performed in triplicate and 

the mean value was determined. The lowest mean concentration of honey that resulted in no 

detectable growth on the blood agar plate was the MBC (Boorn, 2010; Sherlock et al., 2010). 

3.4 Statistical analysis 

A Kruskal-Wallis Test was used to compare MIC and MBC results between the two storage 

conditions and fresh honey and to compare MIC and MBC results for honeys before and after 

gamma irradiation. Data were checked for normality using a Shapiro-Wilk test and examination 

of the residuals. A post hoc Tukey’s test was applied. An alpha level of 0.05 was used to 

determine significance.   

3.5 Results 

3.5.1 Effects of storage on antibacterial activity 
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No significant changes in MIC of Medihoney™ (Table 1) were observed for the storage 

conditions investigated (P=0.829).  There were also no significant changes in MBC (P=0.308). 

However, there were significant differences in antibacterial activity of the three local honeys. All 

three local honey samplse (#2, #3, #16) had an increased MIC following storage at both 4°C 

(P=0.016, P=0.0001, P>0.003) and -20°C (P=0.006, P<0.0001,P<0.0001) when compared to 

fresh honey, and showed no significant difference when 4°C and -20°C treatments were 

compared (P=1.0, P=1.0, P=1.0).  

 All three local honey samples (#2, #3, #16) (Table 2) showed an increase in MBC for the 

4°C (P=0.008,P=0.005, P=0.023) and -20°C (P=0.002, P<0.0001, P=0.023) groups when 

compared to fresh honey. There was no significant difference in MBC when the 4°C and -20°C 

groups were compared to each other (P=1.0, P=1.0, P=1.0).  

Refractometer readings are summarized in Table 5. The readings after the storage periods 

were below the lower limit of the scale (which indicates low water content) and therefore they 

could not be determined by the refractometer. The lower limit on the scale of the refractometer 

was 12% water content.  

3.5.2 Effects of gamma irradiation on antibacterial activity 

The MIC and MBC data for honey samples are shown in Table 6. The microbroth 

dilution results for both treatment groups (gamma irradiated in glass and polyethylene) were 

compared to those of the untreated control group to ascertain whether there was a change in 

antibacterial activity attributable to gamma irradiation. The antibacterial activity of honey in all 

three groups (untreated, glass, and polyethylene) was not significantly different from one another 

(P=0.797). Based on the results, no antibacterial activity was lost due to gamma irradiation. After 

gamma irradiation, the clear glass jars had turned a transparent dark brown colour and the 
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polyethylene jars had yellowed (Figures 3 and 4). The honey in each jar had also darkened in 

colour (Figure 5). 

The contamination in honey sample #10 was eradicated as no bacteria were found in the 

honey post gamma irradiation.  

The refractive indices (Table 7) for both gamma irradiated and untreated groups were not 

significantly different from each other (P=0.692), nor were the pH values (Table 8) for each 

group significantly different from each other (P=0.104).  

No osmometer readings could be obtained on the instrument used,  even at the lowest 

concentrations of honey (1.56%).   

3.6 Discussion 

For this experiment, Medihoney™ was used as the criterion standard for comparison 

because Medihoney™ (representing manuka honey) is the most researched honey from a 

medical grade honey perspective, with consistent excellent antimicrobial activity. Medihoney™ 

maintained its antibacterial activity during storage at 4
o
C and -20

o
C whereas the local honey 

samples did not. One possible explanation for the difference in the results for Medihoney™ and 

local honey could be that the packaging of Medihoney
™

 protected it against moisture loss, since 

there was less air exposure in the plastic casing in which Medihoney was stored compared with 

the glass jars in which the local honeys were stored. The Medihoney™ samples came pre-

packaged as a gamma-irradiated medical wound paste. The Medihoney™ remained in its original 

packaging for the duration of the experiment to prevent contamination, whereas the local honeys 

were stored in 100 g and 500 g sealed glass jars in which approximately 1/3 of the jar was 

unfilled. Brudzynski and Kim (2011) found that the amount of UV absorbing compounds in 

honey increased with storage, and antibacterial activity decreased with storage at room 
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temperature. They hypothesized that the decrease in the antibacterial activity coincided with the 

formation of melanoidins, and that the compounds conferring antibacterial activity could be 

rendered ineffective as they were sequestered into melanoidin aggregates (Brudzynski and Kim, 

2011). Medihoney™ may have less UV absorbing compounds relative to the local honeys, 

however this was not investigated.  

It has been established that honeys can exhibit varying antibacterial activity related to 

their botanical origins. In a study by Voidarou et al. (2011), 60 botanically different honeys were 

compared in tests against 16 strains of pathogenic bacteria and were found to have varying levels 

of antibacterial activity.  Manuka honey is highly antibacterial and is currently marketed as a 

therapeutic honey (Lusby et al., 2002; Simon et al., 2009). However, as seen in Tables 1-4, all 

the honeys selected for this study exhibited high levels of antimicrobial activity when they were 

analyzed as fresh samples. Honeys of botanical origins other than manuka have been shown to be 

antibacterial at low concentrations, but there are unknown differences between the antibacterial 

activity of manuka honey and other honeys. It has been suggested that manuka honey has heat 

and light stable antibacterial compounds that differentiate it from other honeys (Simon et al., 

2009). These features of manuka honey might contribute to the differences in stability during 

storage reported in the present study. 

In the current study there were no differences between local honeys that had been stored 

at -20°C and those stored at 4°C. It appears, based on this data that loss of activity occurred 

whether the samples were refrigerated or frozen. It is possible that there are specific components, 

such as the glucose oxidase enzyme, in Ontario honey that are adversely affected by cool 

temperatures. Only a few studies have examined the effects of long-term storage on the 

antibacterial activity of honey. There is little information about the effects of cooling and 
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freezing on the composition and antibacterial activity of honey. There is also contradictory 

information that indicates the antibacterial activity of honey may or may not be affected by heat, 

age, and storage conditions (Brudzynski and Kim, 2011). Radwan et al. (1984) showed that heat 

exposure in a water bath at a temperature that was not clearly specified, but appeared to be 50
o
C 

for 10 minutes, had an adverse effect on the antibacterial activity of honey.  It has also been 

reported that storage did not have a significant effect on the antibacterial activity of honey (Allen 

et al. 1991; Rios et al., 2001). Rios et al. (2001) found no decrease in antibacterial activity after 

honey had been stored in the dark for 4 months and exposed to heat (40°C) for 30 days within 

those 4 months. Earlier studies had also found that honey stored for several months at 20°C or 

for 2 years at 25-30°C, did not show deterioration of antibacterial activity (Gonnet and Lavie, 

1960; Warnecke and Duisberg, 1964). Conversely, it has been reported that storage had an 

adverse effect on the antibacterial activity of honey stored at room temperature in the dark for 3-

6 months, and even more so after 12-36 months (Brudzynski and Kim, 2011). In addition, Irish et 

al. (2011) reported that there was a loss in generation of hydrogen peroxide antibacterial activity 

after up to 2 years of storage in the dark at 4°C and 25°C, though this effect was more 

pronounced at 25
o
C.  The current study did not examine the physiological changes in the stored 

honey.  

The refractive indices of the honeys before and after storage noticeably changed. Prior to 

storage the readings were variable, however after storage they could not be read using the 

refractometer, indicating low water content. This is consistent with the hypothesis that moisture 

loss contributed to the decline in antibacterial activity over time.  

In future studies it would be useful to determine if sterilization prior to storage is a 

method of maintaining antibacterial activity over time, as this was one of the differences between 
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Medihoney™ and the local honeys used in this study. The results of this study also indicate that 

cooling or freezing honey may result in unfavorable changes to its antibacterial properties. A 

thorough analysis of the composition of honey before, during and after storage treatments may 

be helpful in identifying the most efficacious storage methods. As Brudzynski and Kim (2011) 

have suggested, the evidence concerning honey and effective storage methods is conflicting, and 

more controlled experiments will be necessary to establish the most efficacious methods for 

storage of medical honey. It would also be prudent to examine the effects of storage without gaps 

in jars that were filled with air. It would be interesting to evaluate the storage of honey at the 

temperature of a honeybee hive, which can differ depending on the season but is usually tightly 

controlled between 33-37°C in the summer seasons. Since the summer is the time of the year 

when honey is being produced, prolonged exposure to this temperature may be instrumental in 

maintaining the antibacterial activity of the honey over time. 

For similar experiments in the future, it would be useful to establish osmolality of the 

samples before and after storage. Osmolality is an antibacterial property of honey, therefore 

establishing the osmolality of honey samples would be helpful in determining which samples 

have antibacterial activity that can be attributed to osmolality, and which honey samples have 

antibacterial activity that can be attributed to other antibacterial components of honey (Molan, 

1992). In this study, refractive indices were used in the place of osmolality and were effective in 

determining the water percentage of the honey. Uniformity in the storage, packaging, and 

sterilization prior to evaluation of storage conditions is necessary to eliminate other variables as 

possible confounders. It is possible that storing the samples briefly before we were able to ship 

them out for gamma irradiation affected the level of antibacterial activity. For this reason we 
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included an untreated control that had been stored the same length of time, however, it may be 

more effective to gamma irradiate samples immediately after collection.  

In the present study, gamma irradiation had no effect on the antibacterial activity of the 

selected honeys. This is consistent with previous reports that gamma irradiation did not reduce 

the antibacterial activity of honey (Molan and Allen, 1996). Thermal sterilization can cause 

fermentation in the honey, which can have detrimental effects on various properties of honey 

(Saxena et al, 2010). In addition, glucose oxidase is said to denature at 55.7°C, making 

pasteurization of medical honey unadvisable (Zoldák, 2004).  For medical application, these 

findings confirm that antibacterial properties are not affected by gamma irradiation and that 

honey can be satisfactorily gamma irradiated in either glass or polyethylene containers.   

Honey sample #10 that was contaminated with Gram-positive rods that appeared to be 

Bacillus was free of bacteria after gamma irradiation. Tysset et al. (1981) stated that while honey 

contamination was rare, most contamination was usually due to Bacillus. In our experience, 

contamination occurred with a frequency of 3/26 in samples collected over 2 years. The greatest 

concern is that honey may be contaminated with spores of Clostridium botulinum, which is a 

health threat for infants if ingested (Health Canada, 2011). Wound botulism from the use of 

honey has not been reported in adults, children or infants anywhere in the world up to 1998 

(Vardi et al., 1998). Gamma irradiation has been shown to eradicate clostridial spores in honey. 

A study by Molan and Allen (1996) examined the effects of two levels of gamma irradiation (25 

kGy and 50 kGy) on the sterilization of honey that had been deliberately contaminated with 

Clostridium perfringens and Clostridium tetani (10 000 spores of C. perfringens and 1000 spores 

of C. tetani per gram
 
of honey). Additionally, one set of honey samples was treated with catalase 

before gamma irradiation treatment to determine whether the non-peroxide fraction was affected 
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by gamma irradiation (Molan and Allen, 1996). The contaminated honey was free of active 

spores after gamma irradiation at both treatment levels. Moreover, either level of gamma 

irradiation did not affect the peroxide or non-peroxide fractions of the antibacterial activity of the 

honey.  

 As stated earlier, the primary reason to gamma irradiate honey for wound healing 

purposes is to sterilize it without altering its antibacterial activity, as would occur with thermal 

sterilization (Molan and Allen, 1996). However, studies examining the effect of gamma 

irradiation on other components of honey are few. To this researcher’s knowledge, there have not 

been any other studies that have evaluated the effects of gamma irradiation on refractive indices 

and pH levels in pasture honey. The lower the water content of the honey, the lower the ratio of 

water to sugar which in turn increases osmolarity and supports an antibacterial environment 

(White, 1966; Saxena, 2010). The acidic nature of honey is due primarily to the gluconic acid 

content, which corresponds to a fraction of the total amount of antibacterial activity in the honey 

depending on the type of honey (Bang et al. 2003; Saxena, 2010; Mandal and Mandal, 2011). 

There were no changes in refractive indices or pH in the honeys tested before and after gamma 

irradiation, which was the expected outcome. 

After gamma irradiation, honey was noticeably darker in colour. Brudzynski and Kim 

(2011) examined the effects of storage and saw changes in colour over time. These colour 

changes were identified by scanning honey at 200-400 nm and measuring the absorbance 

(Bruzynski and Kim, 2011). Comparisons between stored honey colour changes and gamma 

irradiated honey colour changes were not made in this study. It has been noted that naturally 

darker honey has been associated with higher antibacterial activity as well as high phenolic 

content, however the colour changes in stored/gamma irradiated honey do not seem to be 



 103 

correlated with higher antibacterial activity (Gheldof and Engeseth, 2002; Brudzynski and 

Miotto, 2010a, 2010b; Brudzynski and Kim, 2011).  Quantifying the colour changes would be 

helpful for future experiments examining the colour changes occurring after gamma irradiation 

and storage.     

3.7 Conclusion 

This study demonstrated that storage of samples of local honey in glass containers for 8 months 

with the presence of air in the jar resulted in a reduction in antibacterial activity.  In contrast 

Medihoney™, which was processed by unknown procedures, sterilized by gamma irradiation 

and sold in a plastic tube, did not lose antibacterial activity during storage for the same time at 

the same temperatures.  This study confirmed that gamma irradiation is an effective method for 

sterilization of honey.  It avoids the detrimental effects heating (pasteurization) has on the 

antibacterial activity of honey. Gamma irradiation was also effective in eliminating spore 

forming bacteria in the honey and did not have any effect on the refractive indices and the pH. 

Future studies are needed to identify appropriate storage conditions for preserving 

medicinal honey for clinical use. It may be prudent to identify the physiological changes 

occurring in stored honey to establish how best to prevent loss of antibacterial activity. Freezing 

and cooling were both inadequate for preservation of the antibacterial properties of honey; 

however, it would be of interest to establish whether these results would be changed if all honey 

samples were sterilized and packaged in sealed plastic tubes prior to storage.  Further study is 

needed to identify alterations of specific compounds that result in the colour changes in honey 

after gamma irradiation.  
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Fig 1. Flow chart showing the storage conditions for the 2011 honey samples 
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Fig 2. Flow chart showing the storage conditions for the 2012 honey samples 

 

 

 

 

 



 107 

 

Table 1. Mean minimal inhibitory concentration (MIC) and mean minimum bactericidal 

concentration (MBC) values for Medihoney™ before and after storage 

 

 

 
PA= Pseudomonas aeruginosa, EC= Escherichia coli, MRSA= Methicillin-resistant Staphylococcus 
aureus, MSSA= Methicillin-sensitive Staphylococcus aureus, EN=Enterococcus faecalis, MSSP= Methicillin-
sensitive Staphylococcus pseudintermedius, MRSP= Methicillin-resistant Staphylococcus pseudintermedius. 
 

  MIC MBC MIC MBC MIC MBC 

Strains 
 

Fresh sample 

 

Sample stored at 4
o
C 

 

Sample stored at -20
o
C 

PA 17937  12.5 25 25 25 12.5 12.5 

PA 18275.13 12.5 25 25 25 12.5 25 

EC 10-018257 12.5 12.5 12.5 12.5 12.5 25 

EC 17937 12.5 12.5 12.5 12.5 12.5 25 

MRSA A59 12.5 12.5 6.25 12.5 6.25 12.5 

MSSA A85 12.5 12.5 6.25 12.5 12.5 12.5 

MRSP A42 6.25 6.25 6.25 12.5 6.25 6.25 

MSSP A53 6.25 25 6.25 25 6.25 6.25 

EN 10-019616-2 

 
25 25 12.5 >25 12.5 12.5 

Enterococcus 

faecalis ES8 
12.5 >25 25 >25 25 >25 
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Table 2. Mean minimal inhibitory concentration (MIC) and mean minimum bactericidal 

concentration (MBC) values for honey sample #2 (2011) before and after storage 

 

 

 

 
PA= Pseudomonas aeruginosa, EC= Escherichia coli, MRSA= Methicillin-resistant Staphylococcus 
aureus, MSSA= Methicillin-sensitive Staphylococcus aureus, EN=Enterococcus faecalis, MSSP= Methicillin-
sensitive Staphylococcus pseudintermedius, MRSP= Methicillin-resistant Staphylococcus pseudintermedius. 

 
 

  MIC MBC MIC MBC MIC MBC 

Strains Fresh sample Sample stored at 4°C Sample stored at -20°C 

PA 17937
 

12.5 12.5 25 >25 25 25 

PA 18275.13 12.5 12.5 25 >25 25 >25 

EC 10-018257
 

12.5 12.5 25 >25 >25 >25 

EC 17937 12.5 12.5 >25 >25 >25 >25 

MRSA A59
 

12.5 12.5 >25 >25 >25 >25 

MSSA A85
 

12.5 12.5 >25 >25 >25 >25 

MRSP A42
 

25 25 25 >25 25 >25 

MSSP A53
 

25 25 25 >25 25 >25 

EN 10-019616-

2
 >25 >25 >25 >25 >25 >25 

Enterococcus 

faecalis ES8 
25 >25 25 >25 25 >25 
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Table 3. Mean minimal inhibitory concentration (MIC) and mean minimum bactericidal 

concentration (MBC) values for honey sample #3 (2011) before and after storage 

 

 

 

 

 
PA= Pseudomonas aeruginosa, EC= Escherichia coli, MRSA= Methicillin-resistant Staphylococcus 
aureus, MSSA= Methicillin-sensitive Staphylococcus aureus, EN=Enterococcus faecalis, MSSP= Methicillin-
sensitive Staphylococcus pseudintermedius, MRSP= Methicillin-resistant Staphylococcus pseudintermedius. 
 
 

  MIC MBC MIC MBC MIC MBC 

Strains  Fresh sample Sample stored at 4°C Sample stored at -20°C 

PA 17937
 

12.5 12.5 25 >25 25 25 

PA 18275.13 12.5 12.5 25 25 25 25 

EC 10-018257
 

12.5 12.5 25 >25 25 >25 

EC 17937 12.5 12.5 25 >25 25 25 

MRSA A59
 

6.25 6.25 25 >25 25 >25 

MSSA A85
 

12.5 12.5 25 >25 25 >25 

MRSP A42
 

6.25 6.25 25 >25 25 >25 

MSSP A53
 

6.25 6.25 25 >25 25 >25 

EN 10-019616-

2
 12.5 12.5 25 >25 >25 >25 

Enterococcus 

faecalis ES8 
25 >25 25 >25 25 >25 
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Table 4. Mean minimal inhibitory concentration (MIC) and mean minimum bactericidal 

concentration (MBC) values for honey sample #16 (2011) before and after storage 

 

 
PA= Pseudomonas aeruginosa, EC= Escherichia coli, MRSA= Methicillin-resistant Staphylococcus 
aureus, MSSA= Methicillin-sensitive Staphylococcus aureus, EN=Enterococcus faecalis, MSSP= Methicillin-
sensitive Staphylococcus pseudintermedius, MRSP= Methicillin-resistant Staphylococcus pseudintermedius. 
 
 
 

  MIC MBC MIC MBC MIC MBC 

Strains Fresh sample Sample stored at 4°C Sample stored at -20°C 

PA 17937
 

12.5 12.5 25 25 25 25 

PA 18275.13 12.5 12.5 25 25 25 25 

EC 10-018257 12.5 12.5 25 >25 >25 >25 

EC 17937 12.5 25 25 >25 >25 >25 

MRSA A59 6.25 12.5 25 >25 25 >25 

MSSA A85
 

6.25 >25 25 >25 25 >25 

MRSP A42
 

12.5 12.5 25 >25 25 >25 

MSSP A53
 

12.5 25 25 >25 25 >25 

EN 10-019616-2
 

25 >25 >25 >25 >25 >25 

Enterococcus 

faecalis ES8 
25 >25 25 >25 >25 >25 
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Table 5. Mean refractometer readings for honey samples in the fresh state and following storage 

at 4
o
C and -20

o
C 

 

 

 

12 was the lower limit of the scale 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Honey Sample Treatment 

 

Fresh Stored at 4
o
C Stored at -20

o
C 

Medihoney™ 15 15.2 15.1 

Local honey sample #2 17.3 <12 <12 

Local honey sample #3 17.3 <12 <12 

Local honey sample #16 17.2 <12 <12 
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Table 6. Mean minimal inhibitory concentration (MIC) and mean minimum bactericidal concentration (MBC) values for gamma 

irradiated and untreated honey samples #4 and #5 (2012) 

 
 

PA= Pseudomonas aeruginosa, EC= Escherichia coli, MRSA= Methicillin-resistant Staphylococcus aureus, MSSA= Methicillin-sensitive Staphylococcus 
aureus, EN=Enterococcus faecalis , MSSP= Methicillin-sensitive Staphylococcus pseudintermedius, MRSP= Methicillin-resistant Staphylococcus 
pseudintermedius. 

 

                                   Honey Sample 4 Honey Sample 5 

 

Glass Plastic Untreated Glass Plastic Untreated 

Strains MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC 

PA 17937
 

25 50 25 50 25 50 25 50 25 50 25 50 

PA 18275.13 25 50 50 50 25 50 25 50 25 25 25 25 

EC 10-018257
 

50 >50 25 25 25 >50 25 >50 25 >50 25 >50 

EC 17937 25 >50 50 >50 25 >50 25 >50 25 >50 25 >50 

MRSA A59
 

50 >50 50 >50 25 >50 25 >50 25 50 25 >50 

MSSA A85
 

50 >50 50 >50 50 >50 25 >50 25 50 25 >50 

MRSP A42
 

50 50 50 >50 50 50 25 >50 25 50 25 50 

MSSP A53
 

50 50 50 50 50 50 25 >50 25 50 25 50 

EN10-019616-2
 

50 >50 50 >50 50 >50 50 >50 50 >50 50 >50 

Enterococcus 

faecalis ES8 50 >50 50 >50 50 >50 50 >50 50 >50 50 >50 

AHL wound 

bacteria 

            1: S. 

pseudintermedius 50 >50 50 >50 25 >50 25 50 25 50 25 50 

 2: S. 

pseudintermedius 50 >50 50 >50 25 50 25 50 25 50 25 50 

Enterococcus. 

faecalis 50 >50 50 >50 50 >50 25 >50 25 >50 50 >50 

S. canis 50 >50 50 >50 50 >50 25 >50 25 >50 25 50 

E. coli 50 >50 50 >50 50 >50 25 >50 25 50 25 >50 
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Table 6 continued. Mean minimal inhibitory concentration (MIC) and mean minimum bactericidal concentration (MBC) values for 

gamma irradiated and untreated honey samples #6 and #7 (2012) 
 
 

PA= Pseudomonas aeruginosa, EC= Escherichia coli, MRSA= Methicillin-resistant Staphylococcus aureus, MSSA= Methicillin-sensitive Staphylococcus 
aureus, EN=Enterococcus faecalis , MSSP= Methicillin-sensitive Staphylococcus pseudintermedius, MRSP= Methicillin-resistant Staphylococcus 
pseudintermedius. 

 

 

 

 

Honey Sample 6 Honey Sample 7 

 

Glass Plastic Untreated Glass Plastic Untreated 

Strains MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC 

PA 17937 25 25 25 25 25 25 25 25 25 25 25 25 

PA 18275.13 25 >50 25 50 25 50 25 25 25 25 12.5 25 

EC 10-018257 25 50 25 50 25 >50 25 25 25 25 25 25 

EC 17937 25 50 25 >50 25 >50 25 25 25 25 25 25 

MRSA A59 25 50 25 50 12.5 >50 12.5 12.5 12.5 12.5 12.5 12.5 

MSSA A85 25 50 25 50 12.5 >50 12.5 12.5 12.5 25 12.5 25 

MRSP A42 25 50 25 50 25 50 25 25 25 25 25 25 

MSSP A53 25 50 25 50 25 50 25 25 25 25 25 25 

EN 10-019616-2 50 >50 50 >50 50 >50 25 50 25 50 25 >50 

Enterococcus faecalis 

ES8 50 >50 50 >50 50 >50 25 50 25 50 25 >50 

AHL wound bacteria 

            
1: S. pseudintermedius  25 >50 50 50 25 50 25 25 25 25 25 25 

2:S. pseudintermedius  25 50 50 50 25 50 25 25 25 25 12.5 12.5 

Enterococcus. faecalis 
50 >50 50 >50 50 >50 25 >50 25 50 25 >50 

S. canis 25 25 50 >50 12.5 25 12.5 25 12.5 25 12.5 25 

E. coli 25 50 25 >50 25 >50 25 25 25 25 25 25 
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Table 6 continued. Mean minimal inhibitory concentration (MIC) and mean minimum bactericidal concentration (MBC) values for 

gamma irradiated and untreated honey sample 10 (2012) 

 

Honey Sample 10 (previously contaminated) 

 

Glass Plastic Untreated 

Strains MIC MBC MIC MBC MIC MBC 

PA 17937 25 25 25 25 25 25 

PA 18275.13 25 25 25 25 25 25 

EC 10-018257 25 25 25 25 25 50 

EC 17937 25 25 25 25 25 50 

MRSA A59 25 50 25 50 25 25 

MSSA A85 25 50 25 50 50 >50 

MRSP A42 25 25 25 25 50 >50 

MSSP A53 25 25 25 25 50 >50 

EN 10-019616-2 50 >50 50 >50 50 50 

Enterococcus faecalis 

ES8 50 >50 50 >50 50 50 

AHL wound bacteria 

      
1: S. pseudintermedius 25 25 25 25 25 50 

2: S. pseudintermedius  25 25 25 25 25 25 

Enterococcus faecalis 
50 >50 25 >50 50 50 

S. canis 25 >50 25 50 50 >50 

 E. coli 25 50 25 50 50 50 

 
PA= Pseudomonas aeruginosa, EC= Escherichia coli, MRSA= Methicillin-resistant Staphylococcus aureus, MSSA= Methicillin-sensitive Staphylococcus 
aureus, EN=Enterococcus faecalis , MSSP= Methicillin-sensitive Staphylococcus pseudintermedius, MRSP= Methicillin-resistant Staphylococcus 
pseudintermedius. 
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Table 7. Mean refractive indices for gamma irradiated and untreated samples 

 
Honey sample Refractive Index 

 Untreated Gamma-irradiated 

2 

5 

6 

7 

10 

19.2 

17.9 

18.2 

18.0 

16.0 

19.2 

17.9 

18.2 

19.0 

16.0 
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Table 8. Mean pH values for gamma irradiated and untreated samples 

 

 

Honey Sample pH Values 

 

Untreated Gamma- Irradiated 

2 4.18 4.18 

5 4.46 4.46 

6 4.34 4.34 

7 3.86 3.86 

10 4.19 4.19 
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                        A                                                      B 
 

Fig 3. Polyethylene jars before (A) and after (B) gamma irradiation 
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                         A                                                              B 
 

Fig. 4. Glass jars before (A) and after (B) gamma irradiation  
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Fig 5. Honey before and after gamma irradiation 
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4.0 GENERAL DISCUSSION 

 

Honey samples were collected from Guelph and surrounding area over two summers 

(2011-2012) in order to i) determine whether honey from this area had comparable antibacterial 

activity and properties to medicinal manuka honey (Medihoney™, Derma Sciences, Toronto, 

CA), ii) evaluate the effects of storage and gamma irradiation on honey, and finally iii) identify a 

botanical source of highly antibacterial honey. 

 In this study, we determined that many samples of honey from the Guelph and 

surrounding area had antibacterial activity comparable to that of Medihoney™ against a variety 

of bacteria that can contaminate wounds. Using two different methods of determining 

antibacterial activity, agar dilution and microbroth dilution, we found that local honey was 

antibacterial at concentrations ranging from 6.25% to >50%. We noted that the microbroth 

dilution test method gave less variable measurements of antibacterial activity when compared to 

the agar dilution method. This is possibly due to the use of heat in the agar dilution method and 

the adverse effects this would have on the glucose oxidase enzyme in the honey. It was also 

found for the first time, that unripened honeys had antibacterial activity that was considerably 

lower than that of ripened honey. These results will aid Ontario beekeepers in developing 

collection practices for honey that will be used for medicinal purposes. Overall, there were 

impressive and important findings with regard to the medical capabilities of Southwestern 

Ontario honey. In the future, it would be useful to test higher concentrations of honey to 

determine the exact level of antibacterial activity in cases in which the minimal inhibitory 

concentration was greater than the highest concentration tested (25% or 50%) in the present 

study.  Further studies examining honeys from a wider geographical area in southwestern 

Ontario, throughout the season, are required to repeat our findings and to increase the probability 
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of discovering a unique botanical source contributing to a high antibacterial activity of Ontario 

honeys.  

 Determining the most effective storage methods for honey, both for reducing changes in 

honey composition and for maintaining antibacterial activity, is important for beekeepers and the 

production of medical grade honey. Our study demonstrated that collected honey samples lost 

antibacterial activity over time when stored at 4°C and -20°C; however, Medihoney™ samples 

did not. The reason for this difference is unknown and further study is warranted. However, the 

literature indicates that methylglyoxal, the major antibacterial component of Medihoney, is stable 

over time whereas honeys whose antibacterial activity is primarily due to glucose oxidase lose 

activity over time. A potential approach is to investigate the following factors that may influence 

the antibacterial activity during storage: temperature, freezing and thawing rates, the specific 

components of storage containers, UV light exposure, and gamma irradiation of the honey prior 

to storage. It is possible that there are more optimal temperatures for honey storage and that 

gamma irradiation prior to storage will eliminate bacteria and spores potentially present within 

honey, preventing bacterial alteration of the antibacterial components of honey during storage. It 

is possible that due to the collection methods there could have been some freeze-thaw damage to 

the antibacterial components in the honey. In addition, it is possible that some mechanisms of 

antibacterial activity were more sensitive to the effects of long-term storage than others and that 

some honeys may have had more or less of these sensitive antibacterial components. The type of 

packaging used for storage of honey may also be influential in maintaining antibacterial activity. 

Glass was used in the present study; however, it is possible that this was not ideal. To determine 

what is responsible for the loss in antibacterial activity after storage, it is important to identify the 

antibacterial components of honey and subsequently test for these before and after storage to 
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determine if there are any changes in these components. It would be prudent to identify the 

storage time to antibacterial loss by sampling the honey at intervals throughout the experiment.  

In a subsequent study, we found that gamma irradiation did not have an adverse effect on the 

antibacterial activity of Ontario honeys, which is consistent with reports of others who evaluated 

the effect of gamma irradiation on other honeys (Molan and Allen, 1996).  

 Identifying the floral origin of honey with excellent antimicrobial properties is essential 

prior to further studies focusing on the medicinal aspects. In an appendix to our study, pollen 

grains in honeys were identified via melissopalynological analysis. The data showed that most of 

the honeys had similar types of pollen; therefore a correlation of antibacterial activity of honey 

with specific pollen (specific plant) could not be made. Although this was an effective way of 

determining the amount, and plant origin, of pollen in a honey sample, certain plant pollens are 

under-represented in honey as honeybees have either developed strategies for obtaining nectar 

without collecting pollen grains, or the pollen is less available to them when compared with other 

botanical sources. Alternative methods for accurate determination of the botanical origins of 

nectar in honey, such as DNA bar coding, would be important to investigate to identify these 

underrepresented plant sources of nectar in honey (Valentini et al., 2010; Wooley et al., 2010).  

There are many future studies that may be conducted to substantiate the findings in this 

thesis and to further characterize the antibacterial activity of southwestern Ontario honeys.   This 

thesis research did not determine a best-practice procedure for storage of medicinal honey. 

Efficacious storage procedures for medicinal honey should be re-investigated. An important 

factor for determining the medical capabilities of honey that this thesis research did not 

investigate is the resistance building capabilities of bacteria to honey. One area for further 

investigation is the capability of bacteria to develop resistance to the antibacterial components of 
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honey. To date, there is very limited research that has examined the nature of bacterial resistance 

to honey (Cooper et al., 2009).  One key argument that has been used to support the current use 

of honey for medicinal purposes is that honey has been used as a medicinal compound for 

centuries, and resistance has yet to be identified (Olaitan et al., 2007; Nasir et al., 2010). The 

antibacterial activity of honey is very complex, involving a mixture of several physical and 

chemical components. The result is that honey is not a single antibiotic but a mixture of 

several antibiotics, each acting by a different mechanism. This makes it difficult for bacteria 

to become resistant as it is almost impossible for spontaneous resistance to all components 

to arise simultaneously and as mutants for resistance to one component arise they would 

be killed by the other components. However, bacterial resistance to honey has not been 

adequately studied to a level where this argument can be supported or discounted. Establishing 

this is beneficial not only for the medical community, but also for producers of medicinal honey - 

the bee keeping community. There are many human clinical studies utilizing honey in wound 

management and, when compared to the various standard of care products, some demonstrate 

superiority or non-inferiority of honey in treating wounds. However,  there are no double-blind 

studies that have evaluated the efficacy of honey for the treatment of wounds in animals or 

humans.  

Another interesting area of research that should be examined is a possible correlation 

between extreme weather patterns and the honey production by bees. While honeybees are 

extremely adaptable, based on our findings it is possible that extreme weather patterns may have 

an effect on the antibacterial activity of honey. It would be useful to investigate how weather 

patterns are affecting the antibacterial activity of honey, as standardization of methods for the 

production of medicinal honey would benefit from this information. 
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Finally, the mechanisms or compounds that determine the antibacterial activity identified 

in some seasonal batches of honey are areas for future study. It is possible that southwestern 

Ontario honey has components or mechanisms that influence antibacterial activity that have not 

been characterized. It would be useful to fully understand the mechanisms that make some 

southwestern Ontario honeys highly antibacterial. 

In conclusion, this thesis provides information on the antibacterial activity of 

southwestern Ontario honey, on the effects of storage and gamma irradiation on the antibacterial 

activity of honey, and preliminary investigations into the botanical sources of highly antibacterial 

southwestern Ontario honey. Although there is little knowledge of the antibacterial components 

of this honey, the knowledge gained from the research presented in this thesis has raised 

awareness of the potential medicinal benefits, and is consistent with our clinical observations of 

the effectiveness of Ontario honeys in wound management. The antibacterial activity of honey in 

vivo will be determined in a prospective, comparative clinical study with honey and other topical 

agents currently used in human and veterinary medicine.  .  

 

Valentini A., Miquel C., Taberlet P. 2010. DNA barcoding for honey biodiversity. Diversity. 

2:610-617. 
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6.0 APPENDIX 

 
Summary of Pollen Analysis (performed by: Mélissa Girard): 

The following tables were completed with the generous help of Mélissa Girard. They show the 

pollen percentages of different flower species in all collection honeys. (Note: sample 7 2011 was 

too small to be analyzed for pollen) It is hoped that this information can be used to further 

knowledge of botanical origins of honey in southwestern Ontario.  

There are a few interesting aspects of the pollen analysis done. Some prominent pollens 

were Lotus corniculatus and Rhamnus sp. 1. It was remarked that surprisingly there were clover 

and Brassicaceae in your honeys. Clover is almost always one of the dominant pollen grains in 

Canadian honeys. *
1
 

During collection it was hypothesized that three honeys contained alfalfa nectar. (Honey 

samples 2011, #16 and 2012 #9, #10) Alfalfa pollen grains are always underrepresented in honey. 

Honeybees often “rob” nectar by creating a hole in the corolla of the alfalfa flower or by thrusting 

their tongues sidewise between the petals to avoid the anthers, as the anthers will hit them on the 

head otherwise. * 

While no statistical analysis was used on this data, perhaps future research will correlate 

pollen analysis with antibacterial activity using different methods or study design.  

 

 

                                                        
1 *= Information was obtained via expert knowledge from Mélissa Girard 
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Table 1. Pollen analysis results from honey samples collected in 2011
2
 

                                                        
2
 Note: Trace pollen percentages that were ≤0.2 were not included in the tables 

Honey code Latin name % Honey code Latin name % Honey code Latin name % 

2011 Lotus corniculatus 30.0 2011 Lotus corniculatus 60.2 2011 Lotus corniculatus 66.1 

Honey sample 2 Glycine max 12.2 Honey sample 3 Trifolium repens 6.1 Honey sample 4 Tilia sp. 17.5 

 

Trifolium repens 11.1 

 

Rhus typhina 5.7 

 

Echium vulgare 3.9 

 

Ilex sp. 6.6 

 

Viburnum type 5.7 

 

Trifolium repens 3.6 

 

Rhus typhina 6.6 

 

Malus sp. 5.0 

 

Vicia cracca 1.4 

 

Brassicaceae 5.0 

 

Unknown A 4.7 

 

Melilotus alba 1.4 

 

Rhamnus sp.2 4.5 

 

Rhanmus sp.1 3.9 

 

Daucus carota 1.4 

 

Echium vulgare 3.2 

 

Unknown E 3.2 

 

Rubus sp. 1.4 

 

Rhamnus sp.1 3.2 

 

Salix sp. 1.4 

 

Rhamnus sp.2 1.1 

 

Trifolium sp. 2.9 

 

Tilia sp. 1.1 

 

Trifolium hybridum 0.8 

 

Trifolium hybridum 2.7 

 

Cornus stolonifera 0.7 

 

Viburnum type 0.6 

 

Tilia sp. 2.4 

 

Brassicaceae 0.4 

 

Rubus allegheniensis 0.3 

 

Plantago type 1.9 

 

Aesculus hippocastanum 0.4 

 

Unknown A 0.3 

 

Daucus carota 1.1 

 

Sambucus pubens 0.4   Rhamnus sp.1 0.3 

 

Rubus sp. 1.1 

 

Rhanmnus sp.2 0.4 

   

 

Unknown E 0.8 

 

Spireae sp. 0.4 

   

 

Aesculus hippocastanum 0.5   Vicia cracca 0.4 

   

 

Vicia cracca 0.5 

      

 

Spireae sp. 0.5 

      

 

Cornus stolonifera 0.3 

      

 

Poaceae  0.3 

      

 

Malus type 0.3 

      

 

Solidago canadensis 0.3 

      

 

Unknown G 0.3 

      

 

Sambucus sp. 0.3 

      

 

Fragaria sp. 0.3 

      

 

Polygonum fagopyrum 0.3 

      

 

Medicago sativa 0.3 

      

 

Thalictrum pubecens 0.3 

      

 

Melilotus alba 0.3 
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Table 1. Pollen analysis results from honey samples collected in 2011 (cont.) 

Honey  Latin name % Honey  Latin name % Honey  Latin name % 

2011 Lotus corniculatus 62.5 2011 Lotus corniculatus 67.3 2011 Lotus corniculatus 24.8 

Honey sample 5 Tilia sp. 13.0 Honey sample 6 Rhamnus sp.2 7.9 Honey sample 8 Rhamnus sp.1 19.3 

 

Rhamnus sp.2 8.6 

 

Tilia sp. 6.1 

 

Sambucus type 14.8 

 

Echium vulgare 4.1 

 

Viburnum type 4.4 

 

Echium vulgare 11.9 

 

Daucus carota 3.5 

 

Trifolium repens 2.9 

 

Malus type 7.1 

 

Trifolium repens 2.9 

 

Echium vulgare 1.7 

 

Daucus carota 5.8 

 

Vicia cracca 2.5 

 

Daucus carota 1.7 

 

Trifolium sp. 2.6 

 

Melilotus alba 1.0 

 

Rhamnus sp.1 1.5 

 

Prunus sp. 1.9 

 

Sambucus sp. 0.3 

 

Unknown A 1.5 

 

Rhamnus sp.2 1.6 

 

Rubus sp. 0.3 

 

Rubus sp. 1.2 

 

Tilia sp. 1.6 

 

Rubus allegheniensis 0.3 

 

Brassicaceae 0.9 

 

Trifolium hybridum 1.0 

 

Picea 0.3 

 

Glycine max 0.6 

 

Taraxacum officinalis 1.0 

 

Cirsium sp. 0.3 

 

Vicia cracca 0.3 

 

Rubus sp. (small) 1.0 

  Hypericum sp. 0.3 

 

Cornus stolonifera 0.3 

 

Glycine max 0.6 

    

Poaceae  0.3 

 

Unknown E 0.6 

    

Trifolium hybridum 0.3 

 

Solidago canadensis 0.6 

    

Plantago type 0.3 

 

Viburnum type 0.6 

    

Unknown D 0.3 

 

Fraxinus type 0.6 

    

Melilotus alba 0.3 

 

Rubus sp. (medium) 0.6 

   
  Rhus typhina 0.3 

 

Brassicaceae 0.3 

       

Vicia cracca 0.3 

       

Cornus stolonifera 0.3 

       

Rhus typhina 0.3 

       

Unknown D 0.3 

      
  Arctium minus 0.3 

 

 

 

 



 150 

 

Table 1. Pollen analysis results from honey samples collected in 2011 (cont.) 

Honey Latin name % Honey  Latin name % Honey  Latin name % 

2011 Lotus corniculatus 31.3 2011 Lotus corniculatus 69.3 2011 Lotus corniculatus 30.8 

Honey 

sample 9 Rhamnus sp.1 12.3 

Honey sample 

10 Echium vulgare 6.3 

Honey sample 

11 Solidago canadensis 15.8 

 

Medicago sativa 9.2 

 

Tilia sp. 5.4 

 

Eupatorium/Aster/Solidag

o ssp. 15.8 

 

Daucus carota 7.6 

 

Rhamnus sp.2 4.8 

 

Trifolium repens 11.9 

 

Sambucus type 6.3 

 

Daucus carota 3.6 

 

Malus type 6.5 

 

Malus type 5.4 

 

Trifolium sp. 2.1 

 

Ambrosia artemisiifolia 5.8 

 

Echium vulgare 4.7 

 

Rhamnus sp.1 1.5 

 

Taraxacum officinalis 2.7 

 

Ilex sp. 4.4 

 

Medicago sativa 1.5 

 

Rhamnus sp.1 2.7 

 

trifolium sp. 3.2 

 

Solidago canadensis 1.2 

 

Spireae type 1.9 

 

Rubus sp. 3.2 

 

Zea mays 0.9 

 

Medicago sativa 1.5 

 

Rhus typhina 2.5 

 

Trifolium hybridum 0.9 

 

Rhamnus sp.2 1.2 

 

Eupatorium/Aster/Solidag

o ssp. 2.2 

 

Rubus sp. 0.6 

 

Plantago type 1.2 

 

Trifolium repens 1.6 

 

Vicia cracca 0.6 

 

Brassicaceae 0.8 

 

Rhamnus sp.2 1.6 

 

Hypericum sp. 0.3 

 

Trifolium hybridum 0.8 

 

Solidago canadensis 1.3 

 

Rhus typhina 0.3 

 

Rubus sp. 0.4 

 

Zea mays 0.6 

 

Impatiens capensis 0.3   Zea mays 0.4 

 

Glycine max 0.6   

Eupatorium/Aster/Solidag

o ssp. 0.3 

   

 

Tilia sp. 0.3 

      

 

Brassicaceae 0.3 

      

 

Impatiens capensis 0.3 

      

 

Cirsium sp. 0.3 

      

 

Arctium minus 0.3 

        Trifolium hybridum 0.3 
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Table 1. Pollen analysis results from honey samples collected in 2011 (cont.) 

Honey  Latin name % Honey  Latin name % Honey  Latin name % 

2011 

Eupatorium/Aster/Solidago 

ssp. 

28.

5 2011 

Eupatorium/Aster/Solidago 

ssp. 69.2 2011 

Eupatorium/Aster/Solidago 

ssp. 47.3 

Honey sample 

12 Solidago canadensis 

27.

6 

Honey 

sample 13 Solidago canadensis 21.0 

Honey 

sample 14 Impatiens capensis 30.5 

 

Lotus corniculatus 

23.

0 

 

Impatiens capensis 4.1 

 

Solidago canadensis 11.4 

 

Sambucus type 3.7 

 

Lotus corniculatus 2.9 

 

Lotus corniculatus 5.7 

 

Ambrosia artemisiifolia 2.1 

 

Glycine max 1.0 

 

Glycine max 1.3 

 

Unknown G 1.8 

 

Rhamnus sp.1 0.6 

 

Vicia cracca 1.3 

 

Trifolium repens 1.8 

 

Tilia sp. 0.6 

 

Tilia sp. 0.6 

 

Rhamnus sp.1 1.5 

 

Echium vulgare 0.3 

 

Hypericum sp. 0.3 

 

Unknown F 1.5   Rhus typhina 0.3 

 

Ilex sp. 0.3 

 

Ilex sp. 1.5 

    

Rhamnus sp.1 0.3 

 

Trifolium sp. 0.9 

    

Aesculus hippocastanum 0.3 

 

Impatiens capensis 0.9 

    

Rhamnus sp.2 0.3 

 

Vicia cracca 0.9 

   

  Chenopodium sp. 0.3 

 

Rhus typhina 0.6 

      

 

Echium vulgare 0.6 

      

 

Daucus carota type 0.6 

      

 

Arctium minus 0.6 

      

 

Malus type 0.3 

      

 

Glycine max 0.3 

      

 

Unknown E 0.3 

      

 

Chenopodium sp. 0.3 

        Taraxacum officinalis 0.3 
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Table 1. Pollen analysis results from honey samples collected in 2011 (cont.) 

Honey Latin name % Honey  Latin name % Honey  Latin name % 

2011 Lotus corniculatus 37.9 2011 

Eupatorium/Aster/Solidag

o ssp. 42.4 2011 

Eupatorium/Aster/Solidag

o ssp. 57.7 

Honey sample 

15 Tilia sp. 11.4 

Honey 

sample 16 Solidago canadensis 23.3 

Honey 

sample 17 Solidago canadensis 18.8 

 

Rhamnus sp.1 9.3 

 

Lotus corniculatus 17.2 

 

Lotus corniculatus 3.9 

 

Echium vulgare 8.6 

 

Ambrosia artemisiifolia 5.2 

 

Impatiens capensis 2.1 

 

Rhamnus sp.2 6.2 

 

Trifolium pratense 2.6 

 

Medicago sativa 1.8 

 

Trifolium repens 4.0 

 

Medicago sativa 2.3 

 

Glycine max 1.5 

 

Viburnum type 2.6 

 

Plantago type 1.5 

 

Trifolium sp. 1.5 

 

Glycine max 2.1 

 

Rhamnus sp.1 1.2 

 

Trifolium pratense 1.2 

 

Spireae sp. 1.7 

 

Glycine max 0.9 

 

Brassicaceae 1.2 

 

Rubus sp. 1.4 

 

Trifolium repens 0.9 

 

Trifolium hybridum 1.2 

 

Rhus typhina 1.4 

 

Impatiens capensis 0.6 

 

Rubus sp. 1.2 

 

Unknown A 1.2 

 

Melilotus alba 0.6 

 

Trifolium repens 1.2 

 

Daucus carota 1.2 

 

Echium vulgare 0.6 

 

Echium vulgare 0.9 

 

Vicia cracca 1.0 

 

Daucus carota type 0.3 

 

Ambrosia artemisiifolia 0.9 

 

Eupatorium/Aster/Solidag

o ssp. 1.0 

 

Polygonum fagopyrum 0.3 

 

Hypericum sp. 0.9 

 

Ambrosia artemisiifolia 1.0   Zea mays 0.3 

 

Rhamnus sp.2 0.9 

 

Hypericum sp. 1.0 

    

Zea mays 0.9 

 

Aesculus hippocastanum 0.7 

    

Melilotus alba 0.6 

 

Unknown E 0.7 

    

Rhamnus sp.1 0.6 

 

Unknown G 0.7 

    

Malus type 0.6 

 

Unknown D 0.7 

    

Daucus carota  0.3 

 

Plantago type 0.5 

   
  Cirsium sp. 0.3 

 

Solidago canadensis 0.5 

      

 

Brassicaceae 0.5 

      

 

Ilex sp. 0.5 

      

 

Trifolium hybridum 0.5 

      

 

Sambucus canadensis 0.5 
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Table 2. Pollen analysis results from honey samples collected in 2012 

 
 

 

 

 

 

 

Honey  Latin name % Honey  Latin name % Honey   Latin name % 

2012 Rhamnus sp.2 38.7 2012 Rhamnus sp.1 68.0 2012 

Eupatorium/Aster/Solidago 

ssp. 28.5 

Honey 

sample 3 Rhamnus sp.1 37.7 

Honey sample 

4  Rhamnus sp.2 6.0 

Honey sample 

5 Lotus corniculatus 26.0 

 

Salix sp. 6.5 

 

Taraxacum 

officinalis 6.0 

 

Solidago canadensis 8.6 

 

Trifolium repens 3.2 

 

Cornus stolonifera 5.4 

 

Unknown D 8.6 

 

Cornus stolinifera 2.9 

 

Viburnum type 4.4 

 

Rhamnus sp.1 7.5 

 

Lotus corniculatus 1.9 

 

Prunus virginiana 2.8 

 

Daucus carota 5.5 

 

Sambucus pubens 1.9 

 

Sambucus pubens 1.6 

 

Trifolium hybridum 4.2 

 

Trifolium hybridum 1.3 

 

Fraxinus type 1.6 

 

Trifolium sp. 3.0 

 

Spore 1.0 

 

Rubus sp. 1.3 

 

Impatiens capensis 1.9 

 

Rhus typhina 1.0 

 

Salix sp. 0.9 

 

Ambrosia artemisiifolia 1.4 

 

Rubus sp. 1.0 

 

Malus sp. 0.6 

 

Medicago sativa 1.4 

 

Brassicaceae 0.6 

 

Brassicaceae 0.6 

 

Brassicaceae 0.6 

 

Fragaria  0.6 

 

Trifolium repens 0.3 

 

Hypericum sp. 0.6 

 

Aesculus 

hippocastanum 0.6   Lotus corniculatus 0.3 

 

Rhus typhina 0.6 

 

Pinus ou Picea 0.3 

    

Tilia sp. 0.6 

 

Potentilla sp. 0.3 

    

Cornus stolonifera 0.3 

  Nemopanthus 0.3 

    

Echium vulgare 0.3 

       

Rubus sp. 0.3 

      

  Glycine max 0.3 
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Table 2. Pollen analysis results from honey samples collected in 2012 (cont.) 

Honey  Latin name % Honey  Latin name % Honey  Latin name % 

2012 Rhamnus sp.1 72.7 2012 Rhus typhina 20.0 2012 Eupatorium/Aster/Solidago ssp. 22.5 

Honey  Lotus corniculatus 9.1 Honey sample  Brassicaceae 17.3 Honey sample  Solidago canadensis 20.4 

sample 6 Salix sp. 5.7 7 Tilia sp. 15.0 8 Lotus corniculatus 9.0 

 

Rhamnus sp.2 4.0 

 

Rhamnus sp.2 10.4 

 

Ambrosia artemisiifolia 7.8 

 

Fraxinus type 2.4 

 

Rhamnus sp.1 7.3 

 

Unknown D 6.3 

 

Taraxacum officinalis 2.0 

 

Glycine max 5.4 

 

Plantago type 5.4 

 

Sambucus pubens 1.7 

 

Echium vulgare 4.6 

 

Rhamnus sp.1 5.1 

 

Tilia sp. 0.7 

 

Lotus corniculatus 4.2 

 

Impatiens capensis 4.5 

 

Rubus sp. 0.3 

 

Trifolium repens 2.7 

 

Daucus carota 4.2 

 

Kalmia sp. 0.3 

 

Daucus carota 2.7 

 

Echium vulgare 2.7 

 

Malus sp. 0.3 

 

Trifolium pratense 1.9 

 

Trifolium hybridum 2.1 

 

Cornus stolonifera 0.3 

 

Trifolium hybridum 1.9 

 

Brassicaceae 1.5 

  Brassicaceae 0.3 

 

Cornus stolonifera 1.5 

 

Poaceae  1.5 

    

Impatiens capensis 1.2 

 

Medicago sativa 1.5 

    

Hypericum sp. 0.8 

 

Rhamnus sp.2 1.2 

    

Solidago 

canadensis 0.8 

 

Chenopodium sp. 0.9 

    

Poaceae  0.8 

 

Cichorium intybus 0.6 

    

Ranunculus acris 0.4 

 

Tilia sp. 0.6 

    

Melilotus alba 0.4 

 

Spore 0.3 

    

Prunus sp. 0.4 

 

Glycine max 0.3 

   

  Cirsium sp. 0.4 

 

Trifolium pratense 0.3 

       

Hypericum sp. 0.3 

       

Unknown C 0.3 

       

Cicuta maculata 0.3 

      

  Cirsium sp. 0.3 
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Table 2. Pollen analysis results from honey samples collected in 2012 (cont.) 

Honey  Latin name % Honey  Latin name % Honey  Latin name % 

2012 Eupatorium/Aster/Solidago Sp 27.6 2012 Lotus corniculatus 40.1 2012 Eupatorium/Aster/Solidago  33.1 

Honey  Rhamnus sp.1 16.3 Honey  Rhamnus sp.1 37.3 Honey  Solidago canadensis 24.9 

sample 9 Solidago canadensis 14.9 sample 10 Unknown A 10.2 sample 11 Lotus corniculatus 6.6 

 

Rhus typhina 9.0 

 

Tilia sp. 2.5 

 

Rhamnus sp.1 5.1 

 

Lotus corniculatus 8.7 

 

Malus type 2.5 

 

Ambrosia artemisiifolia 4.9 

 

Malus type 3.7 

 

Trifolium hybridum 1.6 

 

Impatiens capensis 4.0 

 

Sambucus sp. 2.3 

 

Brassicaceae 1.6 

 

Daucus carota 3.7 

 

Cirsium sp. 2.0 

 

Unknown B 1.0 

 

Unknown D 3.1 

 

Cichorium intybus 1.7 

 

Cornus stolonifera 0.6 

 

Poaceae  2.0 

 

Trifolium hybridum 1.4 

 

Impatiens capensis 0.6 

 

Echium vulgare 1.7 

 

Trifolium pratense 1.4 

 

Solidago canadensis 0.3 

 

Medicago sativa 1.7 

 

Taraxacum officinalis 1.4 

 

Eupatorium/Aster/Solidago  0.3 

 

Plantago type 1.7 

 

Rubus sp. 1.1 

 

Taraxacum officinalis 0.3 

 

Chenopodium sp. 1.4 

 

Cornus stolonifera 1.1 

 

Rubus sp. 0.3 

 

Brassicaceae 1.4 

 

Echium vulgare 1.1 

 

Ambrosia artemisiifolia 0.3 

 

Unknown C 1.4 

 

Potentilla sp. 0.8   Ilex sp. 0.3 

 

Cichorium intybus 0.6 

 

Salix sp. 0.8 

    

Tilia sp. 0.6 

 

Impatiens capensis 0.6 

    

Trifolium repens 0.3 

 

Achillea millefolium 0.6 

    

Aesculus hippocastanum 0.3 

 

Daucus carota 0.6 

    

Trifolium hybridum 0.3 

 

Plantago type 0.6 

    

Trifolium pratense 0.3 

 

Zea mays 0.6 

    

Glycine max 0.3 

 

Brassicaceae 0.3 

    

Rhus typhina 0.3 

 

Hypericum sp. 0.3 

   

  Lythrum salicaria 0.3 

 

Prunus sp. 0.3 

      

 

Medicago sativa 0.3 

      

 

Glycine max 0.3 

        Viburnum type 0.3 
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Table 2. Pollen analysis results from honey samples collected in 2012 (cont.) 

Honey  Latin name % 

2012 Rhamnus sp.1 54.0 

Honey sample 12 Lotus corniculatus 22.1 

 

Echium vulgare 7.3 

 

Sambucus type 3.2 

 

Eupatorium/Aster/Solidago ssp. 2.1 

 

Solidago canadensis 2.0 

 

Tilia sp. 1.5 

 

Rhamnus sp. 2 1.4 

 

Brassicaceae 1.4 

 

Rubus sp. 0.8 

 

Arborescent Rosaceae 0.8 

 

Poaceae  0.8 

 

Trifolium hybridum 0.6 

 

Fraxinus type 0.6 

 

Rhus typhina 0.3 

 

Glycine max 0.3 

 

Cornus stolonifera 0.2 

 

Aesculus hippocastanum 0.2 

 

Unknown A 0.2 

 

Plantago type 0.2 

 

Impatiens capensis 0.2 

 

Melilotus alba 0.2 

  Arctium minus 0.2 

 

 


