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Abstract 

Honey is a super-saturated sugar solution comprising of over 200 compounds, derived from a 

combination of nectar and bee salivary secretions, resulting in unique honey varieties. In 

Australia, most honey retail occurs in supermarkets and other commercial outlets. These 

honeys are subjected to treatments (heating and filtering) to maintain product quality and 

adhere to consumer expectations. The effect of these treatments on commercial honeys is 

conflicting, highlighting a need for further research investigating their specific properties. 

Honey has been used historically for a variety of medicinal purposes, with health-related 

properties of honey attributed to its composition. Honey displays effective antioxidant and 

antibacterial activities, with both properties contributing to honey’s well-established wound-

healing effects. Therefore, a key focus of this thesis was to establish the potential of 

commercially available honey to be used in clinical settings, specifically in the management of 

oral mucositis (OM) in oncology patients.  

Oral mucositis occurs as a side effect of common oncology treatments, causing 

erythema, oedema, and ulcerations, and is described as a significant burden to patients. While 

all patients receiving the causative treatments can develop OM, patients with head and neck 

cancer (HNC) receiving radiotherapy (RT) are at a high risk. The presence of mucositis is also 

associated with an increased risk of treatment interruption, hospitalisation, malnutrition, and 

decreased quality of life. Honey is a potential treatment option in the management of OM, with 

preliminary studies identifying reductions in the severity and duration of mucositis outcomes 

following honey application. However, previous OM research has not investigated the 

properties of the specific honeys used. Rather, the scientific rationale for the use of honey for 

OM management was based on published research reporting the in vitro wound-healing 

properties of honey.  
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Therefore, this doctoral thesis had two aims. Firstly, to obtain a deeper understanding 

of specific properties of the previously unexplored commercially available Australian honeys, 

including sensory, and those associated with honey’s wound-healing abilities (including 

antioxidant and antibacterial). Secondly, based on these properties, explore the potential use of 

commercially available honey as a viable treatment option for OM in patients with HNC. The 

utilisation of this honey type for patients with OM would provide a convenient treatment 

option, due to its accessibility and affordability.  

To address the two aims, the thesis is presented as a ‘Thesis containing published 

works’, with each of the chapters presented as peer-reviewed publications, or unpublished 

manuscripts. The chapters include; a narrative review (Chapter 2; published), systematic 

review (Chapter 3; published), three food science-based original research articles (Chapters 4-

6; published), and a protocol manuscript designed utilising the findings from the previous 

chapters (Chapter 7). The research objectives, which guided the development and completion 

of the individual research projects, contributed to achieving the thesis aims.  

Findings from the narrative literature review (Chapter 2) identify the impact of 

treatment-related side effects, particularly OM, for patients receiving oncological treatments 

for HNC, recognising the importance of investigating approaches to minimise their impacts. 

The systematic review (Chapter 3) supports the use of honey for OM management through 

providing evidence of the safety and efficacy of honey used in a variety of oral health 

conditions, recognising the potentially harmful application of Manuka honey.  
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A sensory analysis (Chapter 4) was completed for a range of commercially available 

Australian honeys, and informed on the perceived likeability of the honeys, with factors 

influencing likeability, such as sweetness, also identified. This analysis has the potential to 

inform of the honeys most accepted by the Australian population, encouraging further 

commercial honey investigation. This included an analysis (Chapter 5) of the bioactive 

composition, antioxidant characteristics, antibacterial abilities, and physicochemical properties 

of the honeys. The results were comparable to other non-commercial honey varieties within 

international literature and propose a variation in properties commonly attributed to honey’s 

wound-healing abilities for the commercial Australian honeys. The determination of some of 

these honey properties (antioxidant characteristics and physicochemical properties) when the 

samples interact with saliva were also investigated (Chapter 6), with results suggesting a 

supportive effect of the saliva on these properties. This identifies how the honey may interact 

when applied to the mouth, encouraging the use of commercial honeys for investigations of the 

management of RT-induced OM.  

The doctoral research concludes with a protocol (Chapter 7) describing how some of 

the investigated commercially available Australian honeys may be used in future investigations 

for OM management in patients with HNC. The analysis completed on a variety of honeys in 

this thesis has provided an understanding of some of the properties attributed with honey’s 

wound-healing abilities for the commercial samples. The determination of OM outcomes 

following the application of commercial honeys in future investigations has the potential to 

inform of the parameters of these properties required for successful OM management, which 

can possibly inform future clinical guidelines.  
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Chapter 1: Introduction 

Background and Honey Composition 

Honey is a supersaturated sugar solution produced by bees from the nectar or secretions of 

plants combined with the bee’s salivary secretions, which includes various components, such 

as enzymes (1). This intermediate substance is then dehydrated by the bees and deposited into 

the combs of hives for maturation. While there are approximately 1600 species of native 

Australian bees (2), this thesis will focus on honey produced by the western honeybee, 

Apis mellifera. Historically, honey has been used for both human consumption and medicinal 

purposes (3), primarily as a treatment for a variety of wounds and ailments due to its established 

antioxidant, antibacterial, and anti-inflammatory abilities (4). The effectiveness of honey as a 

therapeutic agent is attributed to its composition, including its high sugar concentration (with 

fructose ~38% and glucose ~31% of the total sugars) (5). Honey also contains over 200 other 

constituents (Table 1), including a variety of proteins, organic acids, vitamins, minerals, and 

other phytochemical compounds, such as polyphenols (6-8). While the constituents of honey 

(excluding sugars) do not contribute significantly to the recommended daily intakes of key 

nutrients, the in vitro physiological and health-related benefits of these compounds are 

relatively well established (9).  
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Table 1. Composition of honey (6-8).  

Component Common Examples Approximate Contribution 

Sugar Fructose, glucose, sucrose 80% 

Water Water 17% 

Protein Diastase, invertase, glucose oxidase 0.2-1.6% 

Amino acids Proline, glutamic acid, aspartic acid 1% 

Organic acids Gluconic acid, citric acid, formic 

acid 

0.57% 

Minerals Potassium, sodium, calcium 0.04% (light honeys) - 

0.2% (dark honeys) 

Vitamins Vitamin C, Vitamin B Low (amount unconfirmed) 

Polyphenols Phenolic acids, flavonoids Low (amount unconfirmed) 

Volatile 

compounds 

Alcohols, terpenes, benzene 

derivatives 

Low (amount unconfirmed) 
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Floral and Geographic Origin of Honey 

The composition of honey is largely dependent on its floral source and geographic origins (10-

12). The floral source of the honey is one of the most significant factors contributing to its 

composition, as it incorporates the nectar available to be transferred by bees during honey 

production. These plant components contribute greatly to honey’s composition, most notably 

to the polyphenols and flavonoids (13). Further, the floral source can contribute to other 

parameters, such as honey’s colour, sugar concentration, and honey’s physicochemical 

properties including the water content and pH (6, 14).  

In Australia, to the best of our knowledge, current research investigating the 

composition of honeys produced by the honeybee Apis mellifera is primarily limited to Manuka 

honey (Leptospermum species) derived varieties (15), and honey produced from Australian 

Eucalyptus flora (16). There is recent research specifically exploring commercial honey in 

Australia (17, 18), with the flora that the analysed honeys in this research were derived from 

limited to the Leptospermum and Eucalyptus varieties.  

Commercially Available Honey 

Australia produces approximately 10,000-30,000 tonnes of honey per year (19, 20), with the 

average annual consumption per capita being 0.6-0.8 kg/year (9). In addition to this, the 

majority of honey retail (~70%) occurs in the major supermarkets (20). Therefore, it will appear 

advantageous to understand the composition and biological activity of the honeys sold at 

commercial retailers. Furthermore compared to ‘raw’ honey, commercial honeys are 

commonly exposed to a variety of processing techniques in order to maintain honey quality 

and consistency, and to adhere to consumer expectations of the products (21). These treatments 

include straining and filtering of the honey to remove pollen and other plant constituents (22), 

heating to prevent crystallisation (22), and pasteurisation (23).   
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Due to these treatments, there are potential alterations to the quality of the honey. This 

may result in a change of some heat and light sensitive bioactive constituents that are associated 

with honey’s beneficial properties. Several studies have proposed that there is a reduction in 

phenolic content (24, 25), antioxidant activity (24, 25), and antibacterial activity (24, 26), with 

an increase in Hydroxymethylfurfural (HMF) content (24, 25), which is also indicative of 

honey degradation and quality (27). Nevertheless, commercial treatments have also been 

associated with improvements in some ‘quality parameters’, such as an increase in honey’s 

phenolic content and antioxidant activity (26), and no changes in antibacterial activity resulting 

from thermal treatments (28).  

Health Benefits of Honey 

Antioxidant characteristics 

Oxidative reactions have the potential to produce free radicals, reactive oxygen species (ROS), 

and reactive nitrogen species (RNS) (29, 30). These by-products are proposed to be implicated 

in cellular damage, such as the oxidation of lipids, proteins, and nucleic acids, which may lead 

to the progression and development of undesirable health effects (31). However, honey 

displays antioxidant activity, and the ability to reduce the effects of oxidative reactions (29, 

30). Many of the compounds present in honey have the potential to act as antioxidants, such as 

polyphenols (including phenolic acids and flavonoids), carotenoids, vitamin C, organic acids, 

enzymes, and other proteins (32, 33). It is reported that 85% of honey’s antioxidant activity is 

attributed to its polyphenol content (34), placing phenols as one of honey’s most important 

functional components (35). Honey has been demonstrated to decrease the effects of oxidative 

stress, allowing for the maintenance of equilibrium between oxidative species and antioxidant 

levels (9). This is observed as reducing circulating levels of oxidative species following honey 

injection in animal models (36) and consumption in humans (37). The oral intake of honey is 
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also associated with increased total systemic plasma antioxidant levels (37, 38), indicating 

honey is a viable nutritional source of antioxidants.  

Antibacterial activity 

Honey also demonstrates strong antibacterial abilities, regardless of its floral sources (39), for 

multiple common pathogenic bacterial species, such as Staphylococcus aureus (including 

antibiotic-resistant varieties), Escherichia coli, and Pseudomonas aeruginosa (40). Honey’s 

antibacterial activity is attributed to multiple mechanisms, such as pH, sugar concentration, and 

peroxide and non-peroxide activity (41). The pH of most honeys generally lies between 

3.2 and 4.5 (7), mainly due to the presence of organic acids, and can cause a very unstable 

environment for most pathogenic bacteria, consequently inhibiting their growth (41). 

Additionally, the high concentration of sugars in honey contributes to a highly osmotic 

environment, resulting in the inability of the bacterial cells to proliferate (42). Furthermore, the 

enzyme present in all honeys, glucose oxidase, is activated on dilution of the honey, causing 

the conversion of glucose to hydrogen peroxide and gluconic acid (43). The hydrogen peroxide 

is generated in concentrations too low to cause damage to human cells, but high enough to 

generate an unsustainable environment for the functionality of bacterial cells (44). The non-

peroxide antibacterial abilities includes honey’s relatively high phenolic content, which has 

been associated with modifications to bacterial metabolism (45), and the formation of 

methylglyoxal (MGO) in Manuka honey varieties, which can disrupt cellular functioning (30). 

There is significant potential for the effectiveness of honey against additional microbial 

species, including the fungal Candida species (46) and certain viral structures (47), however 

more research is required examining honey’s complete antimicrobial abilities.   
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Wound healing effect of honey 

One of the most reported medicinal uses of honey is its utilisation as a topical wound-healing 

agent for a range of conditions (48). There are several mechanisms proposed regarding the 

ability of honey to heal wounds, and they relate to the combined effects produced by honey’s 

compounds and properties. Primarily, honey’s antibacterial and antioxidant properties can form 

a synergistic anti-inflammatory response (49). While moderate amounts of inflammation are 

required for wound healing to occur, an excess in inflammation can inhibit and worsen this 

process (50).  

The development of bacterial infections is reduced due to honey’s ability to prevent 

bacterial growth, thereby inhibiting the characteristic inflammation of infections (49). The 

phenolic content of honey has also been demonstrated to suppress and regulate the activity of 

pro-inflammatory enzymes (48). Additionally, as the presence of oxidative species has been 

identified to contribute to the production of inflammation (51), the significant reduction of 

reactive species caused by the antioxidant compounds present in honey contributes to a 

reduction in the inflammatory process (49). In the context of wound-healing, honey’s 

antioxidant abilities also support protein kinase activation, and the proliferation and migration 

of fibroblasts (47). The physicochemical properties also contribute to honey’s wound-healing, 

with the low pH of honey encouraging the activity of fibroblasts (52), and the viscosity of 

honey being demonstrated to form a physical protective barrier against the development of 

infections (52). A focus on the investigation of some of the properties attributed with honey’s 

wound-healing abilities is presented throughout this thesis.  
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Oral Mucositis 

Oral mucositis (OM) commonly occurs as the result of cancer treatments, specifically 

radiotherapy (RT) and chemotherapy (CT), where rapidly dividing cells (which also describes 

the epithelial cells in the oral cavity) are destroyed to target the cancer. This side effect is 

characterised by mucosal erythema and oedema in its mild form, with the development of 

ulcerative lesions in later stages (53). The mucosal damage develops progressively, with the 

pathogenesis of OM defined by 5 stages, as portrayed in Figure 1. These include 

(I) initiation: injury to DNA and prevention of basal epithelial cell proliferation occurs, with 

the generation of ROS; (II) upregulation: the initial damage results in the release of 

pro- inflammatory cytokines, and apoptosis is signalled, with early symptoms erythema and 

oedema experienced; (III) signal amplification: pro-inflammatory feedback loops increase 

tissue damage; (IV) ulceration: the consequence of damage to the mucosal epithelium, with 

possible secondary infections by opportunistic pathogenic microbiota, including Candida 

species (54); (V) healing: ulcers usually spontaneously resolve, with complete healing 

occurring approximately four weeks after treatment is completed (53, 55).  
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Figure 1. The stages of the pathogenesis of OM: (I) initiation, (II) upregulation, (III) amplification, (IV) ulceration, (V) healing (53). Created 

with BioRender (https://biorender.com).  
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While there is a risk to all patients receiving the causative cancer therapies to develop 

this treatment side effect, there are several influencing risk factors that can lead to more 

debilitating OM consequences, including tumour site and particular treatment modes. At the 

highest risk are patients with head and neck cancer (HNC) receiving RT, who have a near 100% 

chance of developing OM (56). In Australia, HNC represents approximately 3.5% of new 

cancer diagnoses (57), resulting in a considerable percentage of this population at a great risk 

of OM.  

The first OM symptoms may begin to present around two weeks following the 

commencement of oncological treatment, with recovery typically occurring one month 

following treatment completion (58). In clinical settings, the severity of OM is determined 

through a grading system that ranges from 0 (no mucositis) to 4 (presence of ulcerations), with 

severe OM typically defined as Grade 3 or 4 (59, 60). This condition causes a great burden, 

with the ulceration stage causing the most pain, and up to 80% of patients reporting OM to be 

among the worst of the treatment side effects (61). The pain experienced during severe OM 

can contribute to interruptions to oncological treatments, which may have detrimental 

consequences for tumour progression (62). Additionally, severe OM can increase risk of patient 

hospitalisation (63) and the requirement of nasogastric nutrition (64), with OM also associated 

with a reduction in patient quality of life (65).  
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Due to the pain and discomfort of OM, particularly due to the characteristic ulcers, 

patients often reduce the volume of food they consume, which can have an impact on a patient’s 

nutrient intake (66). Additionally, they may alter their regular diet to allow for foods that 

require lower masticatory effort and do not irritate the mucosal wall (58). Consequently, all 

patients receiving treatment for HNC are at risk of developing malnutrition, including through 

a reduction in food volume, and the consumption of foods that offer lower nutritional density 

(67). The incidence of malnutrition can become a serious problem, as 10-20% of the deaths of 

cancer patients are attributed to the presence of malnutrition, rather than their malignancy (68), 

with nutritional status suggested to be an important prognostic indicator for patients with 

HNC (69).  

Honey in the Management of Oral Mucositis 

There is currently a variety of treatments reported for OM management, including growth 

factors, cytokines, and antimicrobial and anti-inflammatory medications. However there is 

conflicting evidence in support of these treatments (70). It is proposed that honey is a 

potentially effective intervention in the management of OM (71), demonstrating a reduction of 

symptoms associated with this treatment-related side effect (72-81). It has been observed that 

when the lining of the mouths of patients with OM are coated with undiluted honey, there was 

a reduction in both the clinical severity of this condition, and the duration that their OM was 

of a severe grading (72-81).  

  



Chapter 1 

13 

Most previous investigations examining the effect of honey in the management of oncology 

treatment-related OM did not consider the honey’s composition, including the antioxidant and 

antibacterial abilities of the included honeys (72-81). Although these properties may contribute 

to honey’s wound-healing abilities, the potential wound-healing characteristics of honey used 

for OM management are unknown. Additionally, the honey samples used in previous studies 

did not include an in-depth analysis, but rather ascribed general classifications. Therefore, the 

research examining the benefits of honey for the management of OM in patients with HNC is 

not guided by specified knowledge relating to the wound-healing properties of the honey.  

Finally, it is unidentified if commercially available honeys are effective in the treatment of 

this oncology treatment side effect. There is a large cost associated with OM, ranging from 

mucositis treatment options to the costs of mucositis-related hospitalisations (82), with 

methods to reduce these costs required. As previously identified, the majority of honey retail 

occurs in commercial outlets such as supermarkets (20), suggesting that the majority of 

Australians are in possession of this variety of honey. From a practical perspective, 

commercially available Australian honeys, representing an affordable and accessible treatment 

option, should be investigated for their potential efficacy in the management of treatment-

related OM.   
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1.1 Thesis Aims and Objectives 

The primary aim of this thesis is: 

To identify the properties of a range of commercially available Australian honeys in 

the potential management of radiotherapy-induced oral mucositis in patients with 

head and neck cancer.  

The following objectives will be addressed:  

1. Review the effect of radiotherapy-induced toxicities, including oral mucositis in 

patients with head and neck cancer.  

2. Determine the safety and efficacy of honey in the management of oral mucositis.  

3. Identify the properties that influence the likeability of commercially available 

Australian honeys.  

4. Quantify some of the compositional properties attributed to commercially available 

Australian honey’s wound-healing abilities.  

5. Evaluate if the addition of saliva alters some of the properties attributed to honey’s 

wound-healing abilities.  

6. Develop a clinical protocol for the use of commercially available Australian honeys 

in the management of oral mucositis in patients with head and neck cancer receiving 

radiotherapy.  
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1.2 Thesis Outline 

This doctoral thesis is submitted as a Thesis Containing Published Works following the 

University of Canberra guidelines for doctoral thesis submission. Therefore, this thesis consists 

of: (a) five original studies, including two published literature reviews and three published 

quantitative original research studies, (b) a chapter containing a protocol for future research, 

and (c) a discussion and conclusion of the findings. Each study is presented in the format of 

peer-reviewed journals, and includes independent introduction, methodology, results, and 

discussion sections. The references for all chapters have been combined into a single reference 

list, located at the conclusion of this thesis to ensure consistency throughout. Due to the 

inclusion of individual publications, there is the potential for some repetition, particularly 

among the thesis introduction (Chapter 1) and the introduction of each individual study. Each 

chapter will begin with information contextualising it within this thesis and describe its 

contribution to the overall thesis aim.  

As outlined in Figure 2, a narrative review investigating the toxicities experienced by 

patients with HNC was investigated, which allowed for the impact of OM to be defined 

(Chapter 2), encouraging options for OM management to be considered. The remaining 

chapters feature: a systematic review that identifies the efficacy and safety of honey for OM 

management (Chapter 3); an investigation of some of the influences on perceived commercially 

available Australian honey likeability (Chapter 4; database of included honeys presented in 

Appendix 1); the determination of some of the properties of a range of commercial Australian 

honeys (Chapter 5); and the identification of the effect of saliva on some of these properties 

(Chapter 6). Finally, this thesis concludes with a clinical protocol that describes how the 

investigated commercially available Australian honeys could be utilised in the management of 

OM in patients with HNC (Chapter 7).  
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Figure 2. Thesis outline.  
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Chapter 2: Toxicities caused by head and neck cancer 

treatments and their influence on the development of 

malnutrition: review of the literature 

The manuscript (Appendix 2) contained within this chapter was published in European Journal 

of Investigation in Health, Psychology and Education and has been formatted to comply with 

the publishing journal’s guidelines.  
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2.1. Chapter 2: Summary 

The manuscript presented in this chapter (Chapter 2) contains a narrative review that is 

published in European Journal of Investigation in Health, Psychology and Education. This 

review investigates the treatment-related toxicities associated with the development of 

malnutrition in patients with HNC and identifies some of the interventions available to 

minimise them. Findings from relevant peer-reviewed articles indicate a variety of treatment 

side effects, including oral health problems, contribute to the development of malnutrition in 

this population. Additionally, this chapter identifies some of the consequences experienced by 

patients with HNC should malnutrition develop, highlighting the importance of minimising the 

treatment-related toxicities that contribute to its development. Honey was interestingly 

identified as an intervention option for OM in this population, encouraging future 

investigations.  

This chapter addresses Thesis Objective 1:  

Review the effect of radiotherapy-induced toxicities, including oral mucositis in 

patients with head and neck cancer.  

  



The Use of Commercially Available Honeys as a Potential Treatment for Oral Mucositis in Oncology Patients 

26 

  



Chapter 2 

27 

Chapter 2 Aim and Objectives 

Chapter 2 Aim:  

Identify the treatment-related causes that contribute to the development of malnutrition 

in patients with HNC.  

Chapter 2 Objectives:  

• Identify the treatment effects most likely to impact the development of malnutrition in 

patients with HNC 

• Highlight currently utilised interventions to minimise the treatment-related toxicities 

that contribute to malnutrition 
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2.2. Published Manuscript 

2.2.1. Abstract 

Malnutrition poses a significant problem for oncology patients, resulting in fatalities within 

this population. Patients with head and neck cancer (HNC) are at high risk, with up to 90% 

developing malnutrition. Common treatments used for HNC can often lead to adverse side 

effects, including oral health conditions, gastrointestinal upsets, and several metabolic changes. 

Consequently, treatments can cause inadequate nutritional intake, resulting in a reduction in 

energy consumption, and alterations in energy utilisation, contributing to the development of 

malnutrition. Furthermore, the presence of these treatment toxicities, and the related 

malnutrition can lead to reduced quality of life, weight loss, and psychological distress. There 

are interventions available (nutritional, medicinal, and physical therapies) that have 

demonstrated potential effectiveness in reducing the severity of symptomatic toxicities, 

reducing the risk of malnutrition, and improving survival outcomes of patients with HNC. 

Based on the findings of this review, there is an urgent need for the implementation or 

continuation of multi-disciplinary strategies, as well as updated and improved guidelines to 

assist in the prevention and treatment of malnutrition caused by treatment-related toxicities in 

patients with HNC. 
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2.2.2. Introduction 

Cancers of the head and neck region represent a significant global health burden, with 

approximately 1.5 million new cases diagnosed every year, resulting in over one million deaths 

(83). The term head and neck cancer (HNC) encompasses a range of neoplasms that originate 

in this anatomical region, including tumours of the oral cavity, upper aerodigestive tract 

(including the pharynx, larynx and oesophageal opening), the sinuses, salivary glands, bone 

and soft tissue of the head and neck (84). The incidence of HNC is increasing in developed 

countries, with risk factors including the use of tobacco products, consumption of alcohol, 

genetics, age, and viral infections such as human papillomavirus (HPV) (84, 85).  

The combination of prescribed treatments, their associated toxicities, and the location 

of the tumour place patients with HNC at high risk of malnutrition. The most common therapies 

used in the treatment of HNC include radiotherapy (RT), which is prescribed to target cancer 

cells located in this region, with chemotherapy (CT) also targeting circulating cancer cells. 

Although beneficial, there are several negative effects associated with RT and CT, including 

multiple side effects and toxicities resulting in a range of oral health complications, such as 

oral mucositis and xerostomia, and gastrointestinal problems (86). Furthermore, the high 

incidence of these adverse reactions in this population have the potential to contribute to 

reduced nutritional intake and increase the risk of developing malnutrition. Patients with HNC 

may experience difficulty consuming food due to the physical presence of their tumours in 

addition to these symptoms, placing them at nutritional risk well before experiencing the side 

effects of active treatment (87).  

While HNC represents less than 5% of cancer deaths (88), this population group is at 

high-risk of developing malnutrition (up to 90%) during active treatment (68). Malnutrition is 

commonly experienced during oncology treatments, and is defined as “an acute, subacute or 
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chronic state of nutrition, in which a combination of varying degrees of overnutrition or 

undernutrition with or without inflammatory activity have led to a change in body composition 

and diminished function” (89). The diagnostic criteria of malnutrition includes the factors of; 

involuntary weight loss, low body mass index (BMI), reduced muscle mass, reduced food 

intake, and disease burden and inflammation (90). This population experiences malnutrition 

due to their tumour and/or treatments directly impacting on the ability to masticate, swallow, 

and tolerate food (91). Furthermore, health-related consequences of malnutrition in oncology 

patients can have detrimental effects on their cancer treatment outcomes, including impaired 

treatment response (i.e., due to reduced absorption and utilisation of the medication) that can 

result in extended periods undergoing treatment (92). Malnutrition can also reduce recovery 

following RT and CT, and contribute to an overall reduction in physical strength and quality 

of life (QoL) (92), with increased levels of mortality rates observed (10–20%) that are 

specifically related to the symptoms of malnutrition rather than the diagnosis itself (68, 93). 

This review aimed to identify the treatment-related causes that contribute to the 

development of malnutrition in patients with HNC. Malnutrition in patients with HNC is one 

of the fundamental risk factors associated with a reduction in QoL, prognosis and recovery 

during treatment. The treatment effects most likely to impact the development of malnutrition 

in patients with HNC are identified and discussed, particularly those responsible for a 

decreased consumption of a nutritionally appropriate diet. In addition, findings of this review 

highlight currently utilised interventions which have been demonstrated to reduce the severity 

of malnutrition in HNC by minimising the treatment-related toxicities which cause its 

development.  
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2.2.3. Methods 

Throughout 2019 and 2020, a review was completed using the Google Scholar and PubMed 

electronic databases to identify relevant articles. All articles selected for inclusion in this 

review were peer-reviewed studies in humans, and published in English after the year 2000 to 

incorporate the most relevant literature. Search terms were categorised based on the relevant 

section of the review they were to be included in. Additionally, articles were required to use 

the term “head and neck cancer”, with the terms “malnutrition” and “toxicity” in order to be 

included. Furthermore, due to the various sections and many aspects of this review, the 

requirements of the included articles were very broad.  

In addition to discussing patients with HNC, articles were included that defined the 

oncology treatment received, and described the treatment-related toxicities experienced in this 

population. Furthermore, articles were included that described the effects of the toxicities on 

the development of malnutrition, and its consequential impacts.  
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2.2.4. Current Treatments for Head and Neck Cancer 

The treatments used for HNC can often contribute to the development of malnutrition in 

patients, with the exact prescription of treatments dependent on a variety of factors 

(i.e., location, stage, and severity of the tumour). Treatments can include surgery, RT and CT 

used in isolation, or as concurrent chemo-radiotherapy (CRT) (94), with less common 

treatments including immunotherapy, hormonal therapy and targeted therapy (95). These 

treatments also have potential disadvantages and associated toxicities, which can contribute to 

the development of malnutrition in patients with HNC. It should also be highlighted that 

patients are at risk of the development of malnutrition-related symptoms prior to the 

commencement of their oncology treatment, such as a reduction in weight and caloric intake, 

due to factors including tumour size, with treatments having the potential to exacerbate these 

effects (96).  

Surgery 

Surgical procedures for patients with HNC are initially utilised for primary tumours, and can 

be performed for preventative, curative, palliative, and reconstructive purposes, with outcomes 

largely dependent on the stage of the tumour at the time of surgery (97). These can also be 

invasive and may result in changes to the functional properties of affected areas, such as 

impacts on the cranial nerves (98), and changes to the soft tissue and associated structures (99). 

Notably, reductions in sensory function may occur, such as reduced or altered taste and smell 

experience, or reductions to mechanical function, such as mechanical mastication and overall 

facial and neck movement (98, 99). To reduce the direct risk of malnutrition following surgery, 

the implementation of Enhanced Recovery After Surgery (ERAS) protocols should be 

considered, as they have been demonstrated to increase the time to solid food consumption 

following surgical procedures (100).  
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Radiotherapy 

One of the primary modes of treatment used (approximately 75% utilisation) in the HNC 

population is RT (94), and is often used in adjunct with other treatment forms (101). 

Administration of RT is site-specific and localised, causing direct damage to all cells (including 

healthy cells) in this area. Consequently, damage to the structures involved with the 

consumption of food and for the early stages of digestion (i.e., salivary glands) are also 

inadvertently affected. This reduces the capability of adequate early digestion processes, as 

well as changes in taste perception of different foods. In combination with other side effects 

such as gastrointestinal upsets and loss of appetite, the effects of RT can also result in the 

inhibition of patients with HNC’s ability and desire to consume food. Fortunately, the 

application of intensity-modulated radiotherapy (IMRT) has been demonstrated to reduce RT-

related toxicities (102), with this treatment being increasingly optimised (103).  

Chemotherapy 

Commonly utilised in combination with RT is CT, in particular cisplatin (104). This treatment 

is often utilised as adjunctive therapy to ensure that all neoplastic cells are removed following 

surgery (105), or combined with RT in the case of metastasised cancer as an efficient method 

of treatment distribution to all tumour cells (105). Use of CT can also lead to gastrointestinal 

upsets and loss of appetite, further resulting in the loss of desire to consume food, and can 

potentially lead to reduced efficiency in nutrient absorption (105). However, the use of CT can 

exacerbate the toxicities caused by RT, such as oral mucositis, when used in combination (106).  

  



The Use of Commercially Available Honeys as a Potential Treatment for Oral Mucositis in Oncology Patients 

36 

2.2.5. Treatment-related Toxicities 

Oral Health Problems 

The location of the initial tumour can have an impact on patients with HNC’s ability to consume 

food. Furthermore, up to 90% of patients experience symptoms that impact on their oral intake 

either due to the tumour location, or their prescribed treatments (107). The treatments 

administered for patients with HNC are applied near many vital structural and functional organs 

responsible for the consumption of food. A relatively recent systematic literature review (108) 

has identified that these treatments cause multiple, interconnected side effects impacting on 

oral intake, further contributing to malnutrition. In addition, the participants reported changes 

in taste, and a reduction in desire to consume food due to appetite changes and pain sensations. 

Several side effects were also identified such as the development of oral mucositis (OM), 

xerostomia, dysphagia and dysgeusia.  

Oral mucositis 

Current oncology treatments are based on destroying the rapidly dividing cancer cells; 

however, this is also a characteristic of the oral cavity epithelium cells which are consequently 

disrupted or destroyed. Therefore, these treatments often result in the development of OM, 

negatively affecting the oral cavity and upper digestive tract (109). The OM develops 

progressively, with early pathogenesis including an increased inflammatory response 

signalling the initiation of apoptosis. Consequently, this further leads to inflammation, resulting 

in erythema and oedema of affected areas. As the condition develops, ulceration can also occur 

due to an increased risk of secondary infections at the site (106).  
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Although some patients with HNC may only experience the early stages of OM, 

approximately 60% of patients progress to the ulcerative stage, experiencing severe side 

effects, such as painful sites and an increased risk of infection (109). In some severe cases, OM 

can lead to interruptions in active treatment, to allow for healing, impacting patient prognosis 

(62). Severe OM is also associated with greater weight loss, reduction of energy and nutritional 

status (106), and while discomfort is experienced in all OM stages, the ulceration stage is most 

painful (110). Additionally, OM development has the potential to begin immediately following 

the initial administration of cancer treatments (62), with patients with HNC receiving RT at a 

definitive risk of developing symptoms (111).  

The optimal interventions for OM are orientated towards reducing the pain sensation, 

eradicating any pathogenic microbiota colonised in the area, and commencing the wound-

healing process, particularly at the site of any ulcerations (Table 2). Currently, there is no 

established ‘gold-standard’, widespread treatment for OM (112), however the most common 

and simplistic intervention utilised is the maintenance of oral hygiene (111), which should be 

adhered to throughout oncology treatment (113). While there is limited evidence favouring any 

one oral health product (112), there is encouraging evidence for the use of sterile solutions, 

including saline, for oral hygiene maintenance (113). Further interventions also include the use 

of honey, which has been successful in reducing the severity and duration of OM 

symptoms (114).   
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Table 2. The available interventions to improve treatment toxicities in patients with head and 

neck cancer (HNC) to prevent the development of malnutrition. 

Side Effect Intervention  Description Objective of Intervention 

Altered 

dietary 

intake 

Nutritional 

therapies 

Nutritional 

counselling (115) 
Weight maintenance and increased 

protein and energy intake.  
Oral nutritional 

supplements 

(ONS) (115) 

Enteral nutrition; 

Percutaneous or 

nasogastric tube 

feeding (116) 

Administered in the presence of an 

obstruction or severe toxicity, or 

when inadequate dietary intake is 

consumed (60% of their estimated 

energy expenditure). Improves 

nutritional intake, however, is 

associated with hospital 

admissions.  

Parenteral nutrition 

(68) 

Only required when HNC patient is 

unable to meet nutritional needs 

orally or enterally.  

Oral 

Mucositis 

Oral hygiene 

Tooth brushing, 

flossing, and 

alcohol-free 

mouthwashes 

(111) 

Ensures basic dental hygiene is met 

to reduce the severity of mucositis 

symptoms.  

Sterile solutions 
Saline and sodium 

bicarbonate (113) 

Maintenance of oral hygiene to 

compliment additional 

interventions to reduce mucositis 

symptoms. 

Traditional 

therapies 
Honey (114) 

Reduction in severity and duration 

of severe symptoms, weight 

maintenance and weight gain.  
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Xerostomia 

Systemic and 

topical 

sialagogues  

Medications that 

promote the 

secretion of saliva 

(117) 

Improvements in salivary flow, 

decrease in requirement of oral 

comfort agents such as artificial 

saliva.  

Cytoprotective 

agents 

Aim to protect 

healthy tissue from 

oncology 

treatments (118) 

Reduction in 50% of clinical 

xerostomia cases.  

Dysphagia 
Physical 

rehabilitation 

Swallowing 

therapies; motor 

exercises and 

swallowing 

manoeuvres (119) 

Improves swallow function and 

leads to improved oral intake.  

Tongue 

strengthening 

exercises (120) 

Reduces symptoms; only evidence 

for HNC survivors.  

Reduced 

Exercise 

Resistance 

training  

Increase in skeletal 

muscle and lean 

body mass (121-

124) 

Improvement in fatigue and acute 

QoL symptom management.  
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Xerostomia 

Xerostomia is a term used to describe dryness of the mouth, with approximately 80% of 

patients with HNC developing the symptoms (125). Patients can develop xerostomia due to a 

surgical incision of their salivary glands, leading to an alteration in salivary function. However, 

the most common cause of this toxicity is the use of RT (125) due to the direct impact and 

damage to the salivary glands made by the active treatment (126), leading to a reduction in 

salivary production as well as cracking of the lips, tongue, and bleeding gums (127). 

Xerostomia can also impact the patient's social functioning due to changes in speech and 

causing psychological distress (126). The functional changes causing reduced salivary levels 

can also contribute to a reduction in dietary intake (128).  

While there is no consistent evidence available to support the use of any single 

treatment for xerostomia, various strategies are suggested for the management of its symptoms 

(Table 2). There are a variety of pharmacological systemic and topical agents available for 

patients who experience xerostomia, and these include a range of interventions that stimulate 

the salivary glands to increase saliva production (sialagogues) (117). Similarly, some patients 

with HNC are prescribed the use of cytoprotective agents in concurrence with their RT or CT 

for the management of xerostomia symptoms (118). However, patients have reported that the 

most beneficial relief solution for their xerostomia is frequent hydration (129).   
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Dysphagia 

The treatments for HNC can also have negative impacts on swallowing processes, due to the 

proximity of the treatments to the required physiological structures (i.e., tongue and cranial 

nerves) resulting in dysphagia (130). Dysphagia can also lead to the functional tissue becoming 

fibrotic, which physically inhibits the swallowing process. In addition, surgical interventions 

can also lead to dysphagia, with its severity being dependent on multiple risk factors, including 

the primary tumour size and location, degree of surgical excision, and the requirement of 

surgical reconstruction (130). The presence of dysphagia is directly linked to altered usual 

dietary intake (131). Consequently, weight loss is identified as an independent predictor 

commonly associated with the presence of malnutrition in this population (128).  

The management of the symptoms of dysphagia are focused on physical rehabilitation 

rather than the use of medicinal interventions (Table 2). In particular, swallowing therapies are 

successful in improving swallow function, leading to an improvement in oral intake (119). The 

use of specific tongue strengthening exercises have also been found to reduce symptoms in 

HNC survivors, however further investigations are needed into the efficacy of these exercises 

in patients currently receiving treatment (120). Patients also report the requirement for texture-

modified foods, in particular the softening of foods through the addition of sauces, to allow for 

the consumption of an adequate diet (132). In addition, it is speculated that the improvement 

of OM symptoms could improve the pathogenesis of dysphagia, such as through the reduction 

of fibrotic tissue (130).  

Dysgeusia 

The administration of treatment can affect the taste receptors, with taste reportedly one of the 

main characteristics to be susceptible to alteration (133). For patients with HNC receiving RT, 

there is no correlation observed between the dose of administered RT and taste sensation, with 
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these changes also experienced prior to treatment due to loss of taste buds caused by surgery, 

or the tumour location (134). Several changes in taste perception are reported, including the 

absence or incorrect perception of flavour; most commonly the perception of metallic, salty, 

and bitter tastes. The loss of taste associated with dysgeusia is also paired with a reduction in 

appetite and the enjoyment of food consumption (133). Patients have also reported altering 

their usual food consumption to increase food palatability, including reducing consumption of 

foods with adverse flavours (131). This can lead to an overall reduction in food intake, leading 

to a higher risk of malnutrition (135).  

Gastrointestinal upsets 

Exposure to oncological treatments can result in a variety of gastrointestinal complications. 

These toxicities are more likely to be experienced by patients who are receiving CT, either in 

isolation or as CRT, in comparison to isolated RT (136), which adversely affects the tissue in 

the head and neck region, rather than the lower digestive tract. The symptoms of nausea and 

vomiting are reported simultaneously, potentially becoming so severe that patients may request 

the temporary discontinuation of their active treatments (137). The rates of these side effects 

(nausea (75%) and vomiting (25%)) are considerably different in patients with HNC following 

CRT or CT, with nausea without vomiting commonly observed (136). Further symptoms of 

gastrointestinal upset include diarrhea (3.5%) and constipation (10%), which are more likely 

to be caused by CT than RT (138). However, the experience of constipation is more likely to 

occur due to the administration of anti-nausea medication than CT itself (139). The altered 

lifestyle experienced during HNC treatment may also contribute to the development of 

constipation, through increasing a sedentary lifestyle, dehydration, and an altered dietary intake 

with a reduction in dietary fibre due to the changes occurring to patient’s oral health (140).  
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Pain and fatigue 

During HNC treatment, patients experience pain as one of the most commonly reported 

symptoms (up to 90%) experienced from the time of diagnosis (128) due to a variety of 

different reasons (141). These can include; the effects of either the primary tumour or its 

subsequent metastases, pain from excision surgery, or as the consequence of the toxicities 

induced by RT and CT treatments, with the potential for pain to be experienced throughout the 

duration of the patients treatment (63). Furthermore, this can result in a variety of negative 

health consequences, including problems related to nutritional intake, such as the ability to 

consume food and drink (130), with an increase in pain being inversely related with the low 

amount of energy consumed per day (128). However, the reduction of the pain caused by 

treatment toxicities, such as reducing the severity of mucositis through the discussed measures, 

would assist in reducing the overall pain experienced in this population (141).  

Fatigue is a commonly experienced side effect of oncology treatments, with emerging 

evidence suggesting that it is prevalent in nearly all patients with HNC (140). While fatigue 

can be a direct effect of treatment, it has also been identified in patients prior to treatment 

commencement (142), and is associated with depression symptoms (143). Fatigue has also 

been demonstrated to have an impact on the patients’ social functioning, including their 

motivation for social interactions and personal care, including the desire to source and prepare 

nutritional meals, and their ability to earn an income (144). Despite the certainty of this 

population experiencing fatigue, it has been demonstrated that exercise, particularly resistance 

exercise, can reduce the experience of fatigue in this population (121, 122).  
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Metabolic alterations 

The effects of the tumour and the treatments received by patients with HNC can also cause 

specific altered metabolic responses, including an altered resting energy expenditure (145). 

These oncology treatments cause systemic inflammation, and play a role in the disruption of 

the metabolism of macronutrients, consequently causing changes in energy expenditure 

requirements (146). The alterations in metabolism, in combination with reduced food intake 

causing a negative energy and protein balance, can lead to the development of cancer cachexia 

(147). This is characterised by an ongoing loss of skeletal muscle, with or without the loss of 

fat mass, leading to progressive functional impairment that cannot be improved by 

conventional nutritional support (147, 148). A relatively recent exploratory study found a high 

prevalence of cachexia (42%) in patients with newly diagnosed HNC, with an additional 15% 

described as pre-cachexic (149). Further, the presence of sarcopenia, or muscle wasting, is 

associated with the development of malnutrition, as well as the progression of treatment-related 

toxicities (150). Sarcopenic obesity is also associated with poorer functional status and overall 

survival (151).  

Patients with HNC who have an increased resting energy expenditure may not be able 

to achieve adequate nutritional intake due to other treatment side effects, such as oral health 

problems or gastrointestinal upsets. This may directly inhibit the consumption of the amount 

of dietary intake required, and contribute to the development of malnutrition (87), however 

there are nutritional interventions available to this population. The interventions most 

commonly utilised (Table 2) include oral nutritional supplements and nutritional counselling, 

which when used in combination have been demonstrated to result in better weight 

maintenance, increased protein and energy intake, improved QoL, and better tolerance to anti-

cancer treatment (115). In some cases, when patients with HNC are unable to consume an 

adequate dietary intake (60% of their estimated energy expenditure) for more than ten days, 
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including due to an obstruction or severe toxicity such as OM, enteral feeding is also considered 

(116). The use of parenteral nutrition is only utilised if the patient is unable to meet nutritional 

requirements orally or enterally (68). The prevention or management of malnutrition through 

the minimisation of treatment-related toxicities should be addressed from the initiation of 

active treatment, to prevent the requirement of these advanced dietary methods.  

While nutrition interventions can assist patients in receiving the adequate nutrition they 

require, these interventions alone do not have an impact on the maintenance and development 

of lean body mass. The decrease in lean muscle mass that can occur during treatment can 

contribute to weight loss, and can be attributed to decreased physical function and QoL, and is 

associated with a treatment dose-limiting response, leading to extended periods of recovery 

(152, 153). The treatment-related toxicities experienced in this population are considered 

barriers to completing physical activity (PA) (154). However, participation in PA programs, 

particularly resistance training, has been demonstrated to improve lean muscle mass (Table 2), 

including in late-stage and cachectic patients (123, 124).  

2.2.6. Consequences of Malnutrition 

All of the oncology treatment side effects have the potential to contribute to the development 

of malnutrition in the HNC population (86). It should be highlighted that the discussed 

treatment toxicities are not experienced in isolation, and they occur simultaneously with others. 

In addition, malnutrition in patients with HNC has the potential to lead to a cyclic exacerbation 

of the discussed treatment toxicities that play a role in its initial development (155). Further, 

these toxicities, and the resulting malnutrition can cause further consequences, such as reduced 

QoL, that have the potential to negatively affect cancer prognosis.  
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Quality of life 

The treatment-related toxicities of xerostomia, dysphagia, gastrointestinal upsets, and fatigue 

have all been reported to impact QoL in patients receiving any oncology treatment (104), with 

OM identified to have a significant impact on QoL in patients within the HNC population 

(156). The majority of patients with HNC experience a reduction in QoL, with the treatment 

side effects impacting on their normal physiological functioning, including their ability and 

motivation to consume food and drink (63). Social functioning can also be impacted, including 

feelings of social isolation due to avoidance of social eating, fear of the requirement of tube 

feeding, and increasing financial difficulties and job loss (132, 140).  

Hospitalisation and treatment interruptions 

The dosage and intensity of the radiation administered, and the use of CRT are reported to be 

associated with an increased risk of hospitalisation during treatment, with 60% of patients with 

HNC receiving CRT, and 45% of patients receiving isolated RT hospitalised (157). 

Additionally, the oral health-related side effects can often be the reason patients are 

hospitalised or experience unplanned emergency department visits during active treatment 

(158). Specifically, some of the more painful side effects of HNC and its treatments, such as 

OM, can lead to patient hospitalisation (63), with approximately 10% of patients with HNC 

receiving CRT hospitalised for severe OM (159). Patients have also required emergency 

medical attention for gastrointestinal upsets and dehydration, and have required hospitalisation 

specifically for malnutrition-related symptoms (157, 159). Additionally, while patients with a 

percutaneous (PEG) or nasogastric (NG) tube experience a lower mean weight loss during RT, 

the use of enteral nutrition is also associated with a higher frequency of hospital admissions, 

including nutrition-related complications (116). 
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The administration of oncology treatment, particularly CRT, is a relatively consistent 

treatment regime, which can result in an inability of healthy tissue to adequately recover (125). 

As a result, approximately 10% of patients with HNC were reported to request an interruption 

or alteration in their treatments to recover from treatment-related side effects, including 

reductions in the prescribed dosage per treatment (160). Nevertheless, the pain experienced 

during severe OM is one of the most commonly reported causes for patients with HNC 

requesting to have their treatments interrupted, with up to 20% of interruptions the result of 

this toxicity (109, 125). Furthermore, the presence of malnutrition can have cyclic 

consequences, and cause a decrease in treatment response (158). Treatment interruption can 

prolong the treatment time, and depending on factors such as tumour stage and treatment 

intensity, may have an impact on patient survival outcomes (161).  

Psychological distress 

Psychological distress in cancer refers to the interference of the ability to cope with the physical 

symptoms of cancer and its treatment, with this distress including feelings of vulnerability and 

sadness, including depression, anxiety, social isolation, and mood disorders (162). Malnutrition 

in patients with HNC is linked with signs of psychological distress, and includes adjusting to 

physical changes that may impact body image, such as rapid weight loss, or the impact of 

changes to the social meaning of eating (163). Compared to other cancer types, patients with 

HNC have the highest prevalence of psychological distress, with associations found between 

nutritional status, dietary intake and psychological status (164, 165). However, additional 

factors also contribute to psychological distress in this population, in particular anxiety in one-

third of the population, and depression, experienced by 15%–50% of patients (166). Factors 

that are associated with anxiety throughout treatment are further fuelled by the sensation of 

pain and social losses, while weight loss and speech problems are more commonly associated 

with depression (166).  
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2.2.7. Future Directions and Limitations 

This review draws together multiple domains related to both the significant treatment-related 

causes of malnutrition in HNC, and the consequences malnutrition and these toxicities may 

have. Further research should focus on the minimisation of these toxicities through determining 

the efficacy of the discussed interventions, such as determining the optimal dosage of 

treatments for the oral health complications. Additionally, a focus should be placed on the early 

intervention of these side effects during HNC treatment, to reduce the severity of these 

toxicities, and minimise the risk of malnutrition. Research should also focus on ways to 

minimise the impact of the consequences of these malnutrition-related toxicities. For example, 

a focus should be made on minimising the impacts of malnutrition-related psychological 

distress through the exploration of social support, and methods to increase overall QoL in this 

population. Additionally, it has been demonstrated that patient education regarding the 

treatments and treatment-related toxicities that may develop is effective in informing and 

preparing patients, particularly on general oral health care measures (167). The most effective 

method of patient education for the treatment toxicities and available preventative interventions 

should be investigated to determine the effect in reducing these toxicities, and therefore the 

incidence of malnutrition.  

2.2.8. Conclusions 

The present research is a comprehensive narrative review, which is met with several 

limitations. Firstly, several components of the review were not discussed in extensive detail, 

with the purpose of the review being to provide a broad summation of a variety of treatment-

related toxicities and their involvement in the development of malnutrition. Secondly, while 

care was taken to include studies of a high quality and varied perspectives, selection bias exists 

through not completing a thorough systematic search of the literature.  
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3.1. Chapter 3: Summary 

The manuscript presented in this chapter (Chapter 3) was completed as a systematic review 

and is published in Exploratory Research and Hypothesis in Medicine. This review investigates 

the efficacy and safety of the application of undiluted honey to the lining of the mouths of 

patients with a variety of oral ulcerative conditions, including OM. The findings of this study 

support the use of honey as an effective treatment used to reduce the severity of each assessed 

condition. However, this was not the case when Manuka varieties of honey were utilised for 

the treatment of OM. Furthermore, this chapter outlines a potential mechanism of action for 

the adverse reactions that are observed following Manuka honey application to the oral cavity. 

The variety of honey utilised in the included articles was not described (except for study 

utilising Manuka honey); consequently, it remains unclear the optimal type of honey to be used 

for the treatment of oral ulcerative conditions, including OM.  

This chapter addresses Thesis Objective 2: 

Determine the safety and efficacy of honey in the management of oral mucositis.  
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Chapter 3 Aim and Objectives 

Chapter 3 Aim:  

Assess the efficacy and safety of honey as a therapeutic agent used for the treatment of 

a range of ulcerative lesion conditions.  

Chapter 3 Objectives:  

• Evaluate the efficacy of honey in the treatment of epithelial damage due to the 

inflammatory and microbial response in the oral cavity 

• Determine the safety of honey as a treatment for oral ulcerative lesions through 

identifying any adverse events in multiple population groups 
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3.2. Published Manuscript 

3.2.1. Abstract 

A healthy oral environment features a rapid turnover rate of epithelium cells capable of 

regeneration and repair, with the oral epithelium contributing as a physical barrier and immune 

defence. However, the oral cavity can be subjected to unique damage such as ulcerations. 

Honey is reported as a therapeutic agent for wound healing due to its antioxidant, antibacterial 

and anti-inflammatory properties. A systematic review was performed following PRISMA 

2015 guidelines to assess the efficacy and safety of the therapeutic use of honey in the oral 

cavity. Four electronic databases were searched (PubMed, Cochrane Library, Scopus, and Web 

of Science) for randomised controlled trials examining the effect of honey on oral cavity 

conditions. In total, 2832 records were identified, and after applying exclusion criteria, 

13 studies were included. Honey was applied topically throughout; chemotherapy or 

radiotherapy-induced oral mucositis (n = 11), dental wounds (n = 1), and recurrent aphthous 

stomatitis (n = 1), which are all ulcerations with different pathologies. In the majority of studies 

(12/13), honey reduced severity and/or duration of the condition compared with control groups 

(all P < 0.05). However, a group treated with Manuka honey (n = 1) experienced adverse 

effects and considerable participant attrition. Honey is an effective treatment for a range of oral 

ulcerative conditions. Future research should focus on compositional analysis of honeys to 

determine those with optimal beneficial properties, and whether Manuka honey is safe to use 

in the oral cavity.  
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3.2.2. Introduction 

The oral cavity consists of a range of structures, including the teeth, tongue, gingiva, and hard 

and soft palettes, with the latter being composed of stratified squamous cells (168). A healthy 

oral environment is characterised by a rapid cellular turnover rate, with the soft and hard 

palettes averaging between 14 and 24 days, respectively (169). One of the main purposes of 

the rapid turnover of the oral epithelium is as a defence mechanism, reducing the rate of 

pathogenic microbial colonisation by removing the region they bind to (169). It also serves 

multiple additional functions such as a physical barrier and immune defence to potential 

pathogens and toxins and provides an environment that is optimal for the established healthy 

microbiome (168).  

The turnover of the mucosal cells in the oral cavity is dependent on a balance between 

cell differentiation and desquamation, which primarily acts as a pathogen defence mechanism 

(170). However, this can become unbalanced and lead to the development of several 

conditions, including hyperplasia and dysplasia, and a reduced rate of proliferation which can 

lead to the development of ulcerations (169). Additionally, the oral mucosa is subject to 

masticatory and abrasive damage, with this oral epithelium disruption having the possibility to 

lead to the development of oral diseases (168). Some of these common oral conditions include 

dental caries, denture wounds and ulcerations (171).  

The treatment of adverse health conditions in the oral cavity is focused on therapies that 

simultaneously eradicate pathogenic microbial growth, stimulate the wound-healing process, 

and reduce the sensation of pain. One possible treatment option that fulfils these criteria is 

honey, which has been demonstrated to be effective in the treatment of a range of wounds such 

as burns and ulcers (172). These potentially beneficial effects can be attributed to its 

antioxidant, antibacterial, and anti-inflammatory properties (49, 172, 173).  
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The composition of honey, in particular the exact proportions of each of its constituents, 

is dependent on the floral source of the pollen used to produce the honey (42). Overall, honey 

is a mixture of several different categories of compounds including polyphenols, ascorbic acid, 

carotenoids, organic acids, enzymes and other proteins (174), all of which contribute to honey 

being a viable nutritional source of antioxidants (38). Honey displays strong antioxidant 

activity and ability to reduce the effects of oxidative reactions, which produce free radicals and 

reactive oxygen species (ROS) (42). In addition, honey is also reported to exhibit strong 

antibacterial effects, which can be attributed to its physicochemical properties such as high 

osmolarity (due to high sugar levels) (172) and relatively low pH (175) due to the presence of 

several organic acids. Additionally, activation of glucose oxidase during the dilution of honey 

causes the production of hydrogen peroxide from glucose metabolism providing an undesirable 

environment for growth and proliferation of bacterial cells (43) and potentially mediating the 

wound-healing process (176). The concomitant effects of the antioxidant and antibacterial 

properties also contribute to honeys anti-inflammatory effects of reducing excessive 

inflammation, possibly resulting in a wound-healing effect (49).  

As the presence of ROS is identified to lead to the production of inflammation (177), 

the antioxidant activity of honey can also contribute to a reduction of an excessive 

inflammatory response (173). Moreover, honeys capability to prevent the development of 

bacterial infections through providing an environment that cannot support bacterial growth and 

proliferation can further assist with the inhibition of inflammation (172). Furthermore, the 

application of honey to a wound has been demonstrated to stimulate the production and release 

of pro-inflammatory cytokines that assist in the wound-healing process, such as interleukin-1 

and TNF-alpha (172). The topical application of honey to various injured tissues has shown to 

stimulate wound repair through the stimulation of growth of epithelial cells, reduction of 

oedema, and wound debridement (49, 173).  



Chapter 3 

63 

It is well established that an individual’s oral health impacts their quality of life (171, 

178, 179). Poor oral health is shown to affect physical and psychological wellbeing, through 

reductions in functionality, including the ability to consume adequate nutrition, affecting 

communication and physical appearance, in addition to causing pain (178). These conditions, 

particularly related to the soft and hard palette such as ulcerations, have been reported to be 

treated using various types of honey in several different clinical populations (180-182). This 

places honey as a reliable, financially affordable and readily available food product that could 

be used in the treatment of inflammatory and microbial damage of the epithelial lining of the 

oral cavity. Therefore, this systematic review aims to assess the efficacy of honey as a 

therapeutic agent used for the treatment of epithelial damage due to the inflammatory and 

microbial response in the oral cavity. Additionally, this review will aim to evaluate the safety 

of honey in different clinical populations.  
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3.2.3. Methods 

This systematic review has been completed in accordance with the Preferred Reporting Items 

for Systematic Reviews and Meta-Analyses (PRISMA) 2015 (183) guidelines and was 

registered in the International Prospective Register of Systematic Reviews 

(PROSPERO Number: CRD42019128480). The systematic review was completed following 

the PICOS (population, intervention, comparator, outcomes and setting) approach as follows:  

• Population: Human populations with an existing oral health condition, or at risk of 

developing an oral health condition.  

• Intervention: Randomised controlled trials (RCTs) utilising topically applied undiluted 

honey from any floral source as a treatment or preventative agent without the concurrent 

use of other treatments. Only trials containing sample sizes over 12 participants were 

included, however there was no time limit placed on study duration.  

• Comparator: Human comparators being treated with a placebo, control or routine 

standard oral care.  

• Outcomes: Effects of honey treatment on severity of oral health conditions, 

improvements in healing time, and any adverse effects to participants caused by the use 

of honey during and following the intervention protocol.  

• Setting: Any.  
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Search Strategy 

The following four electronic databases were searched; Scopus, PubMed, the Cochrane library 

and Web of Science, for manuscripts published since journal inception until June 2019. 

Furthermore, searches were also conducted to identify any new publications prior to 

submission of this manuscript (end of October 2019). The searches were limited to studies that 

were conducted on humans, were randomised controlled trials, and were published in peer-

reviewed journals in English. The reference lists of included articles were also searched to 

locate any additional articles relating to the topic. The search terminology used included: 

“honey*” and “oral”, “mouth”, “intraoral”, “cavity”, “bucc*”, “tooth”, “orthodont*”, “saliv*”, 

and “disease”, “condition”, “lesion”, “wound”, “carie*”, “plaque”, “ulcer”, “bacter*”, “micro”, 

“count”, with the terms AND and OR between every term.  

Selection Criteria  

Studies were included if they were original research, randomised controlled trials published in 

English and in peer reviewed journals. Articles were only considered if they utilised undiluted 

honey without any other interventions as a treatment against a pre-existing condition of the 

mouth, or as a preventative agent in a group more susceptible to developing an oral condition. 

Furthermore, articles were required to have a control or placebo group as a comparator. Any 

articles that did not meet these criteria were excluded from this review. There were no time 

limitations posed on the duration of the studies as oral conditions have different durations and 

pathological severities. For the purpose of this systematic review, a condition of the mouth was 

defined as a symptomatic problem unique to the oral cavity, such as ulcers or dental wounds.  
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Data extraction 

All articles identified in the initial electronic search were imported into an EndNote library 

(vX8.2, Clarivate Analytics, PHL, USA), and duplicates removed. We excluded articles that 

did not investigate honey or oral health conditions. Following this, articles were excluded based 

on study design, and only if pure undiluted honey was utilised in the absence of any other 

treatments, with the exception of patient required analgesics.  

Two authors (MH and JK) independently screened each of the articles based on the 

selection criteria. The titles were screened to determine relevance followed by screening of 

abstracts to determine studies suitable for full-text analysis. Any disagreements regarding the 

selection criteria were resolved through discussion until consensus was reached or in 

consultation with a third author (NN). At this stage, the reference lists of the articles considered 

for full-text review were searched for additional articles. The extraction of relevant data was 

completed by two independent authors (MH and JK) in predesigned tables including the 

information on; author name, year of publication, condition assessed, honey application 

protocol, control or placebo, number of participants, and outcomes.  

Assessment of bias  

The risk of bias was independently assessed according to the Cochrane Collaboration’s Tool 

for Assessing Bias, which utilises the domains of; selection bias, through random sequence 

generation and allocation concealment; performance bias through blinding of participants and 

personnel; detection bias through blinding of outcome assessment; attrition bias, through the 

addressing of any incomplete data; reporting bias through selective reporting; and any other 

sources of bias (184). The risk of bias was assessed independently by two authors (MH and 

JK), with a third author (NN) introduced in the case of any disagreements, where appropriate.  
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Data Analysis  

Due to the broad inclusion criteria for this review to include a number of ulcerative lesions, 

which includes a variety of population groups and intervention protocols, this review consists 

of considerable heterogeneity; a meta-analysis was not deemed appropriate.  

3.2.4. Results 

Study selection  

The initial search of the electronic databases (Figure 3) resulted in 2838 articles, with the 

secondary searches identifying one article. Following removal of articles due to duplicates 

(n = 1181), study design (n = 115), absence of honey investigation (n = 1416), and absence of 

oral health intervention (n = 80), 46 studies were subjected to full text-analysis. Articles were 

further excluded due to use of diluted honey with or without the use of additional therapies 

(n = 14), unsuitable oral health conditions (n = 12), and study design (n = 8), with 13 studies 

fitting the inclusion criteria (73-79, 81, 185-189). An article investigating the use of honey to 

assist in the recovery of dental extraction surgery (190) was considered, however it was 

determined that since this wound is due to surgery, and not a condition unique to the oral cavity, 

this article was excluded.  
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Figure 3. Search strategy and article selection process according to the Preferred Reporting 

Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines (183).  
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Study characteristics 

The characteristics of the included studies are presented in Table 3. The total number of 

participants recruited in the included studies was 634, with sample sizes ranging from 20 to 

106 participants. Of these, 11 studies investigated oral mucositis (OM) in 579 cancer patients 

(73-79, 81, 185-187), one investigated 35 participants with denture-induced ulcers (188), and 

one investigated 20 participants with recurrent aphthous stomatitis (RAS) (189). Although the 

selection criteria of this review was designed to include a broad range of oral health conditions, 

the intervention was common across studies; the use of pure, undiluted honey applied topically 

to affected areas in the mouths of patients in the treatment groups. The type of honey and their 

floral sources used in the included studies was largely unspecified (74, 76, 78, 188, 189), 

however two studies identified they sourced their honey from a commercial supermarket (75, 

186). Five of the studies identified the local flora that was used in the production of the honey 

they used (73, 77, 79, 81, 185), and one study specified their use of Manuka honey (187).  
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In the included articles, participants were instructed to maintain good oral hygiene 

(n = 6) (73, 74, 79, 81, 185, 187), or prescribed the use of antibacterial, antifungal or analgesic 

solutions (n = 3) (81, 185, 186). However, this was not specified in six studies (75-78, 188, 

189). For trials investigating OM (n = 11), the studies investigated head and neck cancer 

patients in adult populations (73-79, 81, 187) and paediatric patients receiving treatment for a 

range of cancers, including leukemia (185, 186). Participants with radiotherapy-induced OM 

were included in 6 studies (73, 75-77, 79, 187), one study investigated chemotherapy-induced 

OM (185), and 4 determined the effect of honey on concurrent chemo-radiotherapy-induced 

OM (74, 78, 81, 186). These studies utilised routine oral care (73, 78, 81, 186), saline rinses of 

different concentration ranges (0.9% (75), 0.09% (79), unspecified (74)), water (76), and a 

variety of anaesthetic and analgesic solutions (7.5% benzocaine gel (185), 15% benzydamine 

hydrochloride (75), lignocaine gel (77)) serving as controls, while only one study utilised a 

placebo gel (187), and another developed their own mixture (185).  
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Table 3. Summary of included study characteristics.  

Study Population Intervention Comparator Results 

Abdulrhman et al. 

(2012) (185) 

Lymphoblastic leukaemia 

receiving chemotherapy; 

Grade 2 and 3 OM 

n = 90 

Group 1: 0.5 g H/kg applied 

topically to the affected oral 

mucosa 3 times daily until 

healing or for 10 days and 

routine oral care; n = 30 

Group 2: 0.25 g/kg of 4:2:1 

mixture of honey, olive oil-

propolis extract and beeswax 

(HOPE) applied topically 3 times 

daily until healing or for 10 days 

and routine oral care; n = 30 

Group 3: Benzocaine 7.5% gel 

applied to oral mucosa 3 times 

daily and routine oral care; n = 30 

Recovery time reduced for Grade 2 OM 

(Group 1 P < 0.05) 

Recovery time reduced for Grade 3 OM in 

Group 1 and Group 2 (P < 0.01) 

Combining Group 2 and Group 3, honey had 

fastest healing 

HOPE: burning sensation 

Al Jaouni et al. 

(2017) (186) 

Paediatric cancer receiving 

chemo/ radiotherapy  

n = 40  

Honey applied topically to oral 

mucosa, followed by alkaline 

saline rinse 4-6 times daily and 

routine oral care; n = 20 

Routine oral care; n = 20 Reduced Grade 3 and 4 OM in honey group 

(20% vs 55%) and reduced hospitalisation 

(P < 0.05); increased bodyweight, delayed 

onset, decreased pain 

Biswal et al. (2003) 

(73) 

Head neck cancer patients 

receiving radiotherapy 

n = 40 

20mL honey applied to mouth 

before, immediately after, and 6 

h after radiotherapy; n = 20 

Routine oral care; n = 20 Difference in G3 and G4 mucositis was 20% 

(treatment) and 75% control (P < 0.00058) 

Ceylan et al. (2010) 

(188)* 

New denture wearers 

n = 35 

Honey applied to wound 3 times 

daily for 3 days; n = 25 

Salt water rinse 3 times daily; n = 

10 

Difference between groups in the patients’ 

assessment (P < 0.05) 

Honey relieved symptoms earlier than control 

Halim et al. (2013) 

(189) 

Minor recurrent aphthous 

stomatitis patients 

n = 20  

Honey applied 3 times daily for 

5 days; n = 10 

Salicylate gel applied 3 times 

daily for 5 days; n = 10 

No difference between honey and salicylate 

gel for pain score and ulcer size (P > 0.05); 

observed improvement in pain and ulcer size 
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Hawley et al. 

(2014) (187) 

Head and neck cancer 

patients receiving 

radiotherapy  

n = 106 

5mL honey applied 4 times 

daily following saline rinse; 

fluoride treatment at bed; n = 54 

5mL placebo gel applied 4 times 

daily following saline rinse; 

fluoride treatment at bed; n = 52 

No difference between groups for OM Grade 

3 (P = 0.77) 

Honey and placebo contributed to nausea; 

57% treatment and 52% placebo dropout rate 

Howlader et al. 

(2019) (74) 

Head and neck cancer 

patients receiving chemo/ 

radiotherapy 

n = 40 

20mL honey applied to mouth 

15 min before and after, and 6 

hours after radiotherapy; n = 20 

Saline rinsed in mouth 15min 

before and after radiotherapy; 

n = 20 

No difference (P > 0.05) in mucositis grade 

weeks 1-4 (radiotherapy administered); 

improvements in 4th week post radiotherapy 

(P = 0.0001) 

Jayachandran et al. 

(2012) (75) 

Oral cancer patients 

receiving radiotherapy 

n = 60 

Group 1: 20mL honey rinsed 15 

min before and after, and 6h 

after radiotherapy; n = 20 

Group 2: 15mL 0.15% 

benzydamine hydrochloride 

rinsed 15 min before and after, 

and 6h after radiotherapy for 5 

min; n = 20 

Group 3: 20mL 0.9% saline 

rinsed 15 min before and after, 

and 6h after radiotherapy for 5 

min; n = 20 

Delayed onset for Group 1 and reduced 

severity compared to Group 2 and Group 3 

(P < 0.05) 

Jayalakshmi et al. 

(2016) (76) 

Head and neck cancer 

patients receiving 

radiotherapy 

n = 28 

15m honey rinsed 15 min before 

and after, and 6 hours after 

radiotherapy; n = 14 

15mL water rinsed 15 min before 

and after, and 6h after 

radiotherapy; n = 14 

Reduction in OM in week 4 (P < 0.05) and 5 

and 6 (P < 0.01) 

Control: 61.54% developed Grade 3 OM. 

Treatment: 9.09% developed Grade 3 OM 

Khanal et al. (2010) 

(77) 

Oral cancer patients 

receiving radiotherapy 

n = 40 

20mL honey rinsed 15 min 

before and after radiotherapy, 

and at bed; n = 20 

20mL lignocaine gel rinsed 15 

min before and after radiotherapy, 

and at bed; n = 20 

Honey associated with less severe OM (P < 

0.0001)  

Group 1: 1/20; Group 2: 15/20 developed 

intolerable OM 
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Maiti et al. (2012) 

(78)* 

Head and neck cancer 

patients receiving chemo/ 

radiotherapy 

n = 55 

20mL honey rinsed 15 min 

before and after radiotherapy, 

and at bed; n = 28 

Standard oral care; n = 27 Honey delayed onset in about 80%; 63% in 

control group had severe OM 

Grade 3 OM: 5/28 in intervention arm, 11/27 

in control. Grade 4: 1/28 in intervention arm, 

5/27 in control 

Motallebnejad et al. 

(2008) (79) 

Head and neck cancer 

patients receiving 

radiotherapy 

n = 40 

20mL honey rinsed 15 min 

before and after, and 6h after 

radiotherapy; n = 20 

20mL 0.09% saline rinsed before 

and after radiotherapy; n = 20 

Control group had treatment interruptions 

OM score lower (P < 0.001) in treatment 

group 

20% in intervention group did not develop 

OM symptoms 

Rashad et al. (2009) 

(81) 

Head and neck cancer 

patients receiving chemo/ 

radiotherapy 

n = 40 

20mL honey rinsed 15 min 

before and after, and 6h after 

radiotherapy; n = 20 

Standard oral care; n = 20 Reduced severity in honey group: 3/20 Grade 

4 (honey arm), 9/20 Grade 4 (control arm) 

(P < 0.05) 

*No P value provided.  
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Interventions 

In a study by Biswal et al. (73), patients receiving radiotherapy for head and neck cancer were 

provided with 20mL of honey to smear on the inside of their mouths, and to swallow it slowly 

in order to coat both the oral and pharyngeal mucosa, 15 minutes before and after they received 

radiotherapy, and 6 hours after receiving radiotherapy, for the duration of the treatment cycle. 

This study design was replicated by other studies in this review (75, 77-79, 81), with 

Jayalekshmi et al. (76) and Howlader et al. (74) using the same protocol with slight 

modifications; use of 15mL of honey (76) and the consumption of additional honey to 

contribute to serum antioxidant levels (74).  

The remaining studies investigating OM utilised similar study designs to the above, 

topically coating the oral cavity with honey, however the amounts of honey used and timing of 

application were different. In trials by Al Jaouni et al. (186) and Hawley et al. (187) similar 

durations of treatments were used to Biswal et al. (73) and participants were followed 

throughout the duration of their oncology treatments. In addition, Hawley et al. (187) 

maintained the intervention for seven days following final radiotherapy treatment, with these 

studies both applying the honey intervention four times daily. The volumes of honey and 

subsequent saline rinse were not specified by Al Jaouni et al. (186), with 5mL of applied honey 

followed by a fluoride rinse prescribed by Hawley et al. (187). Abdulrhman et al. (185) 

included participants with established OM using undiluted honey (0.5g/kg), and having two 

control groups; a custom made mixture (placebo), and an analgesic control. All groups applied 

their mixtures 3 times daily for 10 days or until healing of ulceration.  
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The study by Ceylan et al. (188) investigated the use of honey in the treatment of 

traumatic ulcers that were caused by newly fitted dentures in 35 healthy, previously edentulous 

participants. Of these, 25 participants were provided with honey and instructed to smear 

directly onto the ulcers 3 times daily for 3 days following denture fitting. The control group 

(n = 10) were provided with a saline rinse to use for the same protocol as the treatment group. 

The ulcer areas were measured in all participants using planimetry on the first and third day 

following initial denture fitting.  

The study by Halim et al. (189) investigated the effectiveness of honey in the treatment 

of RAS in healthy adults. Following an initial assessment, participants in the treatment group 

(n = 10) were given honey and control groups (n = 10) given salicylate gel, a standard 

prescribed treatment for RAS, to apply to their ulcers 3 times daily for 5 days. Ulcer size was 

determined using callipers, and a VAS was used to assess pain before and after the intervention.  

Study results 

The majority of studies investigating the use of honey in the treatment of OM in an oncology 

population were successful in alleviating negative symptoms, including reducing the severity 

or duration of the condition (All P’s < 0.05) (Table 3) (73-77, 79, 81, 185, 186). In these 

studies, OM was assessed using a grading scale, with Grade 1 representing less severe cases 

and Grade 4 being the most severe.  

The onset of OM was delayed in comparison to the control group in these studies, and 

fewer participants in the honey group of each study developed higher gradings of the condition. 

One OM study did not report any significant changes from pre to post-treatment nor any 

difference between the two groups (treatment and control), however there was a self-reported 

observed difference in the OM (78). All of these studies utilised standard honey from no 

particular floral source with no adverse reactions reported throughout the duration of the honey 
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intervention, with the exception of one study (79) which reported the exclusion of participants 

who reported a stinging sensation, though the number of exclusions and effect on the study was 

not disclosed. A single study by Hawley et al. (187) utilised Manuka honey and reported no 

significant difference in the severity or duration of OM between the honey and placebo groups 

(P = 0.77). However, this study observed considerable dropouts (57% honey group, 

52% placebo group), which were attributed to the sensation of nausea caused by the application 

of the honey.  

It was determined that honey significantly (P value unreported) relieved the symptoms 

of the denture-induced ulcers earlier than the control group, and as assessed by a visual 

analogue score (VAS), reduced pain, with no adverse effects (188). Finally, while no 

participants with RAS reported adverse effects, no significant difference was found between 

the honey group and control group of a currently utilised treatment for ulcer size (P = 0.879) 

and pain (P = 0.514), however self-reported improvements were observed (189).  

Risk of bias in included studies 

The risk of bias was assessed according to the Cochrane Risk of Bias Tool and is outlined in 

Table 4. The risk of selection bias through allocation concealment was high for the included 

studies, which was due to placebo products being utilised by 2/13 studies (185, 187). 

Additionally, Jayalekshmi et al. (76) reported the use of similar bottles for both their treatment 

and control group, resulting in a low risk of selection bias. Similarly, the performance bias was 

high or unclear for which was attributed to the common utilisation of controls rather than a 

placebo. The detection bias for the included studies was relatively unclear, however there was 

an overall low risk of attrition and reporting bias (Table 4). No other bias was detected.   
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Table 4. Assessment of risk of bias in included studies.  

 Random 

Sequence 

Generation 

(selection bias) 

Allocation 

concealment 

(selection bias) 

Blinding of 

participants and 

personnel 

(performance 

bias) 

Blinding of 

outcome 

assessment 

(detection bias) 

Incomplete data 

addressed 

(attrition bias) 

Selective 

reporting 

(reporting bias) 

Other bias 

Abdulrhman et al. 

(2012) (185) 

Low Low Unclear Unclear Low Low Unclear 

Al Jaouni et al. 

(2017) (186) 

Unclear High High Unclear Low Low Unclear 

Biswal et al. (2003) 

(73) 

Low High Unclear Unclear Low Low Unclear 

Ceylan et al. (2010) 

(188) 

Unclear High Unclear Unclear Low Low Unclear 

Halim et al. (2013) 

(189) 

Unclear High Unclear Unclear Low Low Unclear 
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Hawley et al. 

(2014) (187) 

Low Low Low Low Low Low Unclear 

Howlader et al. 

(2019) (74) 

Low High High Low Low Low Unclear 

Jayachandran et al. 

(2012) (75) 

Unclear High Unclear Unclear Low Low Unclear 

Jayalekshmi et al. 

(2016) (76) 

Low High High Unclear Low Low Unclear 

Khanal et al. (2010) 

(77) 

Low High High Low Low Low Unclear 

Maiti et al. (2012) 

(78) 

Unclear High Unclear Unclear Low Low Unclear 

Motallebnejad et al. 

(2008) (79) 

Unclear High Low Low Low Low Unclear 

Rashad et al. 

(2009) (81) 

Unclear High High Unclear Low Low Unclear 
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3.2.5. Discussion 

Effectiveness of honey 

The primary aim of this review was to determine the effectiveness of topically applied honey 

in the treatment of a range of oral health conditions. Of the 13 studies included in this review, 

10 reported statistically significant reductions in the severity of the oral health condition 

compared to a control group, including 9 studies investigating OM (73-77, 79, 81, 185, 186) 

and one investigating denture wounds (188). While one study did not report any significance 

(78), and another reported no significant difference in the improvement of RAS (189), the oral 

condition was improved in both studies, demonstrating that honey was just as effective as the 

standardly prescribed treatments for these conditions. Only one study by Hawley et al. (187) 

did not report any improvements in oral condition.  

It has been proposed that honey possesses wound-healing abilities due to its antioxidant 

and antibacterial properties (49, 172, 173), which includes the ability to heal ulcerations. All 

conditions included in this review culminated in the development of an oral ulcer which formed 

due to the loss and necrosis of epithelial tissue resulting in breaks in the skin or mucous 

membrane (191), which each condition formed due to different pathologies. Oral mucositis is 

a condition which develops as a toxicity during oncology treatments (chemotherapy and 

radiotherapy), and is characterised by inflammation, erythema, microbial colonisation, and 

ulceration (53). Similarly, RAS is a condition of unknown cause that affects the lining of the 

mouth, causing erythema, burning and ulceration (189), and denture-induced ulcers are caused 

by the introduction of ill-fitting dentures which cause abrasive damage to the lining of the 

mouth, resulting in ulcerative lesions (188).  
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The antibacterial and antioxidant properties of honey contribute to honey’s wound-

healing abilities. In the case of OM, the initiation phase is characterised by the production of 

ROS (53) which could potentially cause further damage to the affected areas. A study 

investigating participants with RAS determined that those with the condition had significantly 

lower salivary antioxidant levels compared with healthy controls (192), demonstrating that the 

ulcerations potentially produced ROS, which caused a reduction in the antioxidant compounds 

present in the mouth. This highlights a possible mechanism for the effectiveness of honey as a 

treatment for the ulcerations discussed in this review. Potentially, the presence of the 

antioxidant compounds provided by the topically applied honey can reduce the effects of ROS 

activity during the development of the ulcerations. Furthermore, the consumption of honey 

increases total systemic plasma antioxidant levels, and swallowing the honey may contribute 

to longer lasting antioxidant effects (38), further contributing to the wound-healing process.  

Adverse effects 

The secondary aim of this systematic review was to determine any adverse effects during the 

topically applied honey interventions. Only one of the included studies reported an adverse 

effect due to the honey intervention (187). Hawley et al. (187) reported considerable dropouts 

due to nausea, which could be attributed to the treatments associated with radiotherapy, 

however it was reported that the Manuka honey used worsened nausea symptoms and 

encouraged a retching motion. A study by Bardy et al. (193) also used Manuka honey and 

reported a low compliance rate due to the honey being difficult to use, along with an 

undesirable taste and texture. A study by Parsons et al. (194) initially had to be discontinued 

due to the Manuka honey not being well-tolerated by participants, and all participants withdrew 

due to a perceived stinging pain and nausea following application. Interestingly, Abdulrhman 

et al. (185) reported no adverse side effects in the honey intervention arm of their study, which 

used honey from a different floral source to Manuka honey, however in their comparative group 
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using their own formulation, discomfort was reported, which was proposed to be due to the 

addition of propolis. The studies investigating denture wounds (188) and RAS (189) did not 

report any adverse effects. This further supports evidence that the application of honey to the 

inside of the oral cavity is effective in reducing the pathogenic bacteria that cause dental caries, 

and has a positive effect on plaque levels and gingivitis (180, 195, 196). These findings 

demonstrate that the use of honey in future studies is safe for the dental health of participants. 

It was also proposed that similar trials comparing two intervention groups of Manuka and 

conventional honey should be completed (181), however given the evidence of the adverse 

effects of Manuka honey, this may not be feasible.  

Issues with use and development of placebo 

The majority of the studies included in this review (n = 12) utilised a control or ‘standard’ 

prescribed care in the place of a placebo. Due to the nature and progression of oral health 

conditions included in this review, particularly OM in oncology patients, it would be unethical 

to provide no treatment to the control group, resulting in most studies in this review receiving 

standard care, or a commonly used treatment. This is also partially reflected by the reported 

bias (Table 4), where many studies were graded as having a “high risk” of selection and 

performance bias, with the exception of the study by Jayalekshmi et al. (76) who utilised similar 

packaging for their honey treatment and control.  

If a placebo were to be used in future studies to assess the effectiveness of honey as a 

topical treatment, it would be best practice to use products which share certain physicochemical 

properties with honey so it could be undetected by participants, such as its osmolarity and 

acidity (79). The use of this placebo could have confounding effects, as the physicochemical 

properties of honey, including its osmolarity, contribute to honeys wound-healing abilities 

(182). One such example is a study by Bardy et al. (193), which was excluded during full-text 
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review due to not using undiluted honey. In this study, golden syrup which has a similar 

appearance and texture to honey, was assigned as a placebo alongside a Manuka honey 

treatment for OM. While there was no significant difference observed in the severity or 

duration of the OM between the treatment and control groups (P > 0.05), the pathogenic 

bacteria present in both groups was consistent with baseline throughout the study period, 

demonstrating that both honey and the placebo controlled the bacterial growth. This further 

supports the notion of the importance of osmolarity action (shared by the honey and golden 

syrup) on the antibacterial activity of honey.  

The only study in this review that utilised a placebo was completed by Hawley et al. 

(187), where the product was developed to look like honey. Similarly to the study by 

Bardy et al. (193), this study did not result in a significant reduction in the severity or duration 

of the OM experienced by participants, however this could be attributed to the possible non-

suitability of Manuka honey for this type of treatment, rather than the activity of the placebo. 

Additionally, a study by Abdulrhman et al. (185) developed a honey-containing product, which 

they assessed as a treatment for OM alongside a treatment group of pure, undiluted honey, in 

addition to the use of a standard care control (Table 3).  

It is evident that the utilisation of a placebo in studies of this nature is not practical, and 

so further care should be taken in future studies to ensure that both participants and researchers 

are blinded to the allocation of honey or control. This could potentially be achieved through 

disclosing that the intervention is designed to improve the oral health condition, however not 

specifying that honey is the treatment.  
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Compositional properties of used honeys 

It is well established that several honey properties can contribute to its wound-healing effects, 

including a combination of antioxidant, physicochemical and anti-microbial properties. 

However, the optimal levels of compounds or categories of compounds, including their 

interaction with each other, that can contribute to the observed beneficial health effects of 

honey are largely unexplored. Four of the included studies, all investigating OM, completed in 

vitro analysis of the potential wound-healing properties, including pH (73, 79, 81, 185), 

moisture content (73, 79, 81, 185), phytochemical profile (73, 81), and microbiological analysis 

(73, 79). However, none of the studies utilised these results in their discussion on the 

effectiveness of honey as a treatment. A trial of this nature should be completed to determine 

the individual in vitro wound-healing properties of different types of honey, so that 

recommendations can be offered to participants experiencing these oral health conditions about 

what type of honey should be used to provide optimal benefits. Due to the overall lack of 

analysis of the honey utilised in these trials, it is difficult to draw conclusions about the best 

type/s of honey, and the properties that are most appropriate for use in the treatment of these 

oral conditions.  

Limitations 

The inclusion criteria for this review evaluated only articles that utilised pure, undiluted honey 

as a treatment, as the concurrent utilisation of other compounds or medications has the 

possibility to contribute to any potential beneficial effect provided by just the honey in 

isolation. As a result, studies that utilised honey and no other treatments were included, though 

the use of standard care was allowed. It would be unethical to request that patients discontinue 

their normal oral care routines for the duration of an intervention due to the potential impact 

on their dental health. Additionally, the conditions investigated in this review can cause 
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considerable pain, which could lead to the requirement of the additional analgesics. This may 

provide a reduction in the effectiveness of the honey, however the use of honey in isolation to 

routine oral care in interventions such as the ones included in this review is impractical.  

3.2.6. Future Research Proposals 

The adverse effects caused by Manuka honey highlighted in this review should be taken into 

consideration of future research for oral health conditions. Manuka honey contains relatively 

high levels of methylglyoxal (MGO), which has been identified to be unique to this type of 

honey, and directly contributes to Manuka honeys antibacterial abilities (197, 198). This 

compound also occurs in humans as a by-product to metabolic processes such as glycolysis 

(199), however it has shown to exhibit potentially toxic side effects, including the ability to 

modify DNA and other macromolecules (200). Additionally, in healthy human cells, the 

tripeptide glutathione (GSH) is capable of suppressing the activity of MGO (201), however, 

once a cell becomes damaged, such as during the oral conditions discussed in this review, there 

is a reduction in the expression of GSH (202). This can result in further damage, with GSH 

depletion leading to MGO accumulation (203). This is depicted in Figure 4, where in a healthy 

oral cavity, GSH is able to suppress the activity of MGO, which prevents any cellular 

modifications, however when Manuka honey is applied to the damaged oral cavity, the reduced 

levels of GSH allow the levels of MGO to increase, and to potentially cause further cellular 

damage.  
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Figure 4. Effect of honey on the oral cavity: (a) GSH present in the healthy oral cavity 

suppresses the activity of MGO from Manuka honey; (b) the use of honey does not cause 

adverse effects in a healthy oral cavity, and is effective in treating a damaged oral cavity; (c) 

reduced levels of GSH in the damaged oral cavity do not suppress the activity of MGO from 

Manuka honey, with the MGO potentially causing further damage, and Manuka honey not 

being an effective treatment. Created with BioRender (https://biorender.com).   
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As previously discussed, one study included in this review reported considerable 

adverse effects following the topical application of Manuka honey (187). Similar interventions 

also reported adverse effects (193, 194), which could potentially be due to the proposed 

interactions between MGO and reduced levels of GSH. These adverse reactions were not 

observed in studies utilising honey from other floral sources, with the topical application of 

honey to a damaged oral cavity being demonstrated to result in improvements to the oral 

condition (Figure 4).  

While Manuka honeys have demonstrated substantial potential wound-healing abilities 

in vitro and in vivo (175, 198, 204), currently there is a lack of relevant clinical trials utilising 

this product for wound healing treatments. Due to its compositional properties, it should be 

considered that Manuka honey be utilised in clinical trials for site-specific topical application 

in wound sites other than the oral cavity, such as a laceration or burn on the skin to test for 

effectiveness and tolerability. Similarly, further trials in the treatment of oral conditions or 

investigating alternative application sites could be completed to determine optimal levels of 

MGO that can be tolerated.  
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3.2.7. Conclusions 

The use of honey as a therapeutic treatment of oral conditions has been identified to be effective 

in reducing the duration and severity of conditions in comparison to standard treatments and 

controls. Specifically, it has been demonstrated that honey is effective against a range of oral 

ulcers with multiple pathologies and in particular in the treatment of oral mucositis. Any 

adverse reactions that were reported throughout the duration of the included studies could be 

attributed to the type of honey used, and were not due to the type of oral health condition, 

demonstrating that the topical application of honey, other than Manuka honey, is relatively safe 

for use across a range of oral health conditions. The use of honey for the treatment of oral 

mucositis should be considered for further research, however control over honey composition 

should be taken into consideration, particularly phytochemical composition. The use of 

Manuka honey in the treatment of oral cavity conditions should be carefully considered before 

use, with future investigations required to determine its safety.
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4.1. Chapter 4: Summary 

The manuscript presented in this chapter (Chapter 4) was completed as original research and 

is published in Foods. Following the determination that honey is safe and effective for use in 

OM management (Chapter 3), trained panellists were invited to complete an analysis of the 

sensory properties of a variety of commercially available Australian honeys, including the 

overall perceived likeability. To the best of our knowledge, this manuscript is the first of its 

kind in the literature investigating associations between the sensory and compositional 

properties of a selection of commercially available Australian honeys. The findings presented 

in this chapter indicate an association between the perceived sweetness and likeability of the 

samples, however, the larger number of negative associations with likeability and honey 

properties will potentially inform on the factors that may influence consumer decisions 

regarding honey selection.  

This chapter addresses Thesis Objective 3: 

Identify the properties that influence the likeability of commercially available 

Australian honeys.  
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Chapter 4 Aim and Objectives 

Chapter 4 Aim:  

Perform an exploratory sensory analysis of a range of commercially available 

Australian honeys to determine the likeability and the factors that contribute to this, 

considering both organoleptic and compositional attributes.  

Chapter 4 Objectives:  

• Complete a sensory and compositional analysis of the commercially available honey 

samples 

• Determine the differences in perceived likeability between all commercial honey 

samples and the most liked sample 

• Identify the relationships between the likeability and other assessed properties of the 

commercially available honey samples 
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4.2. Published Manuscript 

4.2.1. Abstract 

Honey’s composition and appearance is largely influenced by floral and geographic origins. 

Australian honeys are frequently sourced from supermarkets, however, properties associated 

with consumer preference and likeability remain relatively unknown. The aim of this study was 

to complete sensory and compositional analyses on a selection of commercially available 

Australian honeys. Samples (n = 32) were analysed for visual, olfactory and taste 

characteristics, with overall likeability assessed by the trained sensory panel (n = 24; M = 12). 

Compositional analysis included colour intensity (mAU); phenolic content; antioxidant 

characteristics (DPPH, CUPRAC); and physicochemical properties (pH, viscosity, total soluble 

solids). There were 23 honey samples that were significantly less liked when compared to the 

most liked honey (P < 0.05). Likeability of honey was positively associated with perceived 

sweetness (P < 0.01) and it was negatively associated with crystallisation; odour intensity; 

waxy, chemical, and fermented smell; mouthfeel; aftertaste; sourness; bitterness and pH 

(All P’s < 0.05). Price (AUD/100 g) was not associated with likeability (P = 0.143), suggesting 

price value potentially does not influence consumer preferences. Conclusively, differences in 

likeability between the honey samples demonstrate that consumer perception of sampled 

honeys is diverse. Honey preference is primarily driven by the organoleptic properties, 

particularly perceived negative tastes, rather than their antioxidant capacity or phenolic content.  
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4.2.2. Introduction 

Honey is a naturally produced product made from a combination of the nectar of plants, and 

bees own secretions, that is deposited into honey comb for maturation (1). It is primarily 

composed of sugars, predominantly fructose (~36%) and glucose (~30%) (14), in addition to 

over 200 different nutritionally relevant compounds (205). Among these other constituents, 

honey includes several enzymes, vitamins, minerals, organic acids, and a range of 

phytochemical compounds, such as polyphenols and carotenoids (205). The composition of 

honey is largely influenced by several factors such as its botanical origins and geographic 

location, as well as climate and storage conditions (14).  

A variety of health benefits of honey have been identified relating to honey’s 

antioxidant characteristics, antibacterial properties, and anti-inflammatory effects. Honey 

consumption was shown to increase plasma antioxidant levels in healthy humans (37, 38), 

indicating that honey is a potentially viable nutritional source of antioxidants. Additionally, the 

consumption of honey has also been shown to reduce the circulating reactive oxygen species 

(ROS) by-products of oxidative stress in both animal (36) and human models (37). These 

antioxidant characteristics of honey can be attributed to its composition, predominately its 

bioactive compounds, such as phenolic acids, flavonoids, and carotenoids. The antibacterial 

effects of honey are ascribed to its physicochemical properties (including pH and viscosity), 

which have the ability to prevent the growth of bacterial species (41), and the production of 

hydrogen peroxide as a by-product of the breakdown of glucose caused by glucose oxidase 

(44). The combined effects of the antioxidant and antibacterial properties can further lead to 

their synergistic anti-inflammatory effects (49, 114).  
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The global production of honey is approximately 1.2 million tons, with the average 

annual consumption of honey in Australia per capita averaging 0.6 to 0.8 kg/year (9). 

Furthermore, supermarket purchases represent 70% of honey retail in Australia (20), 

highlighting the acceptance of commercially available honey. The majority of commercially 

available honeys are exposed to a variety of different treatments and processing techniques. 

These include straining and filtering of the honey (to remove pollen and other plant 

constituents), heating (liquefication to prevent crystallisation), and pasteurisation (to destroy 

potential pathogens) (23). These processes commonly include heating honey to 45 °C for 8 

hours, followed by filtration (100 µm) (22) in order to maintain the quality and consistency of 

the products, and for adherence to consumer expectations of the overall product (23).  

The sensory evaluation of food products traditionally involves human panellists 

characterising, quantifying and interpreting the properties of a particular food product (206). 

Although some laboratory analysis can quantify many characteristics of a food product, sensory 

evaluation is often completed when a new food product is developed, or when there is an 

interest in the consumer’s perception of an existing food product (207). The sensory analysis 

of a food product represents an essential tool in determining a variety of the product’s 

organoleptic properties, evaluating a products quality, and assessing the consumer opinion of 

the product (206).  

The basis of honey sensory evaluation is the description and quantification of a variety 

of factors relating to the perception of visual, olfactory, gustatory, and tactile characteristics 

(206). Additionally, the sensory analysis of honey can provide information relating to the 

botanic origin of the honey, and the identification of any potential defective qualities, such as 

crystallisation. It is also an essential process in increasing the understanding of consumer 

requirements, preferences or aversions for the evaluated honey products (208).  
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Desirable characteristics responsible for the overall consumer preference in the 

selection of honey include flavour, appearance, price/value, local origin, and convenient 

environmentally friendly packaging (21, 209-211). However, whether the composition and 

physical properties of honey influence consumer preference is still relatively unexplored. This 

could occur by multiple mechanisms, including the presence of phenolic compounds that are 

known to produce a bitter taste sensation (212), or the levels of sugar associated with the onset 

of crystallisation (213). Therefore, the aim of this study was to perform an exploratory sensory 

analysis of a range of commercially available Australian honeys to determine the likeability 

and the factors that contribute to this, considering both organoleptic and compositional 

attributes.  
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4.2.3. Materials and Methods 

Honey samples 

A total of 32 commercially available honey samples were purchased from various large 

commercial suppliers (Aldi®, Coles®, Independent Grocers Australia®, Woolworths®) across 

the Australian Capital Territory (ACT; Australia), with the price (AUD/100 g) recorded. Honey 

samples were stored in darkness at room temperature (26 ± 3 °C) following recommended 

guidelines (214). All samples were blinded to researchers from their commercial packaging, 

and a single researcher was responsible for sample preparation and data analysis. For the 

analytical analysis, if honey samples were required to be diluted based on preliminary analysis 

and validation, it was completed with warm deionised (DI) water (<50 °C to prevent compound 

degradation) (214). An alphabetised coding system was developed, however a detailed list of 

the honey samples used in this research is included in Supplementary Table S1. Prior to being 

coded, the honeys were arranged alphabetically according to their packaging. The honeys were 

assigned a specific identification letter, ranging from A to AF based on their alphabetic order. 

These were then used for reporting. Additionally, the unblinded honeys were categorised into 

numerical groups based on the information on their front of label packaging; Manuka 

(including honeys containing Manuka) (1), Organic (2), Generic Brand (3), Floral (4), 

Regional (5), and otherwise unspecified Pure (6) honeys. Due to purchasing the honey samples 

from supermarkets and not the original producers, no further information about the honeys, 

including their floral origins, was known. Each honey sample is reported according to the letter 

provided to them, and the numerical category they were assigned to.  
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Chemicals 

Chemicals used in this study included Ethanol, (±)-6-hydroxy-2,5,7,8-tetramethylchromane-2-

carboxylic acid (Trolox), 2,2-diphenyl-1-picrylhydrazyl (DPPH), 6-n-propylthiouracil 

(PROP), Ammonium Acetate, Copper (II) Chloride Dehydrate, Folin-Ciocalteu Reagent, 

Gallic Acid, Neocuprine, and Sodium Carbonate, and were purchased from Sigma-Aldrich 

(Castle Hill, Sydney, Australia). The DI water was prepared using the Millipore water 

purification system (Millipore Australia, North Ryde, NSW).  

Panellist characteristics 

Panellist recruitment and training 

The sensory analysis protocol was assessed and approved by the University of Canberra Human 

Research Ethics Committee (UCHREC20191651). Informed written consent was obtained 

from all panellists, and procedures adhered to the approved protocol. Panellists were recruited 

(University of Canberra) based on willingness to participate as representatives of the general 

population. A total of 24 panellists (12 males) were recruited, with a mean age of 

37.0 ± 10.4 years (range 20-55 years). All assessors were required to complete sensory 

familiarisation training based on previously described procedures (215-217).  
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Bitter taste endophenotype (6-n-propylthiouracil test) 

Panellists were required to complete a bitter taste endophenotype test using a series (n = 7) of 

known concentrations of 6-n-propylthiouracil (PROP) solutions (0.017 – 3.20 mmol/L). The 

bitterness sensation of each solution was ranked by panellist using a validated labelled 

magnitude scale (218). The panellists responses were classified based on the 

intensity/concentration categories as follows; super tasters (limit: 0.017 – 0.056 mmol/L), 

medium taster (limit: 0.180 – 0.560 mmol/L), non-taster (limit: 1.80 – 3.20 mmol/L) (218).  

Honey consumption food frequency questionnaire 

A five-part honey consumption specific food frequency questionnaire (Honey-FFQ) was used 

to determine panellist honey preferences and consumption habits (20, 21). The questions 

provided details regarding the panellist’s honey consumption over the 12 months prior to the 

commencement of the sensory analysis. Further information collected included panellist 

utilisation of honey, and panellist preferences between both commercial and non-commercially 

available honeys.  
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Honey sensory analysis 

Analysis conditions 

Prior to sensory analysis, panellists fasted for two hours, to ensure that taste perception was not 

affected (208). Furthermore, panellists were asked to refrain from the use of perfumed toiletries 

to reduce potential interference in the evaluation of the olfactory properties of the selected 

honeys. The sensory analysis was performed in a well-lit room, where panellists were isolated 

and were not able to see or be influenced by other assessors in their session. A maximum of 

seven honeys were assessed in one evaluation session according to previous recommendations, 

with a 30 minute break required following seven honeys (208). All sessions were completed 

during the late morning to early afternoon when the sensory organs were at their maximum 

capability for honey assessment (208).  

Panellists were asked to indicate the intensity of each attribute on a 14.5 cm rating scale, 

where 0 cm represented the honey not possessing the attribute, and 14.5 cm for the honey 

representing the property entirely. In between each honey sample tasted, panellists consumed 

a small portion of a plain white bread (one slice of bread/panellist/session) and several sips 

from a glass of water to ensure their palate was cleansed, with no honey taste remaining, for 

the assessment of subsequent honey samples (208).  

Visual, olfactory, and taste characteristics of selected honeys 

Panellists were provided with 40 g of a de-identified honey sample in a 200 mL capacity closed 

glass jar (sample/volume ratio = 1/5) to determine the visual characteristics (206). Panellists 

were asked to evaluate the colour intensity, texture, and the presence of crystallisation in the 

honey samples provided. Furthermore, olfactory characteristics including odour intensity and 

odour attributes (OA) (flowery, fruity, waxy, caramelised, acidic, chemical and fermented) 

were evaluated for the same samples immediately after opening the sample jars (206). The taste 
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characteristics were evaluated by providing panellists with a 5 g sample, and they were required 

to consume a minimum of 2 g of the sample using a plastic spoon, ensuring the sample covered 

the tongue to maximise the surface area exposure to taste receptors (208). Panellists were asked 

to report perceived mouthfeel, sample aftertaste, and specific taste intensities (TI) (sweetness, 

sourness, bitterness, and astringency). Finally, panellists were asked to provide the overall 

acceptability and likeability, or preference, of each honey based on the olfactory, visual and 

taste characteristics to assess consumer acceptability of the commercially available samples. 

Panellists assessed each honey sample a single time.  

Antioxidant and physicochemical characteristics of selected honeys 

Antioxidant and total phenolic composition 

The antioxidant scavenging capacity was determined using the 2,2-diphenyl-1-picrylhydrazyl 

(DPPH) assay according to Thaipong et al. (219). The absorbance was measured at 515 nm 

(Multiskan Go, Thermo Scientific, Waltham, MA, USA) and results were expressed as 

millimoles of Trolox equivalents (TE) per gram of honey (mmol TE /g) using the following 

equation (Note: MTrolox = 250.29 g/mol) (219):  

𝑇𝑟𝑜𝑙𝑜𝑥 𝑒𝑞𝑢𝑖𝑣𝑎𝑙𝑒𝑛𝑡 = ((𝐼𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛(%) − (𝑖𝑛𝑡𝑒𝑟𝑐𝑒𝑝𝑡)/𝑠𝑙𝑜𝑝𝑒)/𝑀𝑇𝑟𝑜𝑙𝑜𝑥) ∗ −1 

The percentage of inhibition of antioxidant activity of the honey samples was determined using 

the following equation:  

𝐷𝑃𝑃𝐻 𝐼𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛(%) = (1 − (𝑠𝑎𝑚𝑝𝑙𝑒 𝐴𝑏𝑠/𝑟𝑒𝑎𝑔𝑒𝑛𝑡 𝑏𝑙𝑎𝑛𝑘)) ∗ 100 

The cupric ion reducing capacity (CUPRAC) was determined according to Apak et al. 

(220). The absorbance was measured at 450 nm (Multiskan Go, Thermo Scientific, USA) and 

expressed as millimoles of Trolox equivalents per gram of honey (mmol TE /g).  
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The total phenolic content (TPC) was determined using the Folin-Ciocalteur method 

(221). The absorbance was measured at 765 nm (Multiskan Go, Thermo Scientific, USA), and 

results were expressed as milligram Gallic Acid equivalents (GAE) per gram of sample (mg 

GAE /g). All assays were completed in triplicate.  

Colour analysis 

The International Commission on Illumination (CIE) L*, a*, b* colour measurements of the 

honey samples were determined by evenly distributing 50 g of each honey sample around an 

8.5 cm in diameter clear plastic petri-dish (222). These values provide information regarding 

the honey’s lightness (L*; 99 = white, 0 = black), redness (+a*)/ greenness (-a*), and 

yellowness (+b*)/ blueness (-b*) (223). Measurements were taken (n = 5) against a white 

background using a colorimeter (Color Reader CR-20, Konica Minolta, Japan). The colour 

intensity (ABS450) of the honey samples was determined by diluting each of the samples to a 

50% concentration (w/v) (214). The spectrophotometric absorbance was then determined in 

triplicate at 450 nm and 720 nm (Multiskan Go, Thermo Scientific, USA), with the difference 

between the two wavelengths reported as mAU.  

Physicochemical properties 

The pH of the undiluted honey samples was determined using a pH meter (Mettler Toledo, Port 

Melbourne, Australia) (224). The total soluble solids (TSS), expressed as °Brix, was 

determined in 50% honey dilutions using a handheld digital refractometer (Opti Brix 54, 

Bellingham + Stanley, Kent, United Kingdom) (225), modifying for 50% honey dilutions to 

allow for equipment specifications. The viscosity of the undiluted honey samples was 

expressed in pascal seconds (Pa s) and was determined using a viscometer (Smart Series, 

FungiLab, Barcelona, Spain) using an R6 spindle at 5, 10, or 20 rpm’s, depending on the 

percentage torque of the sample (226). All samples were analysed in triplicate.   
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Statistical analysis 

Statistical analysis was completed using IBM SPSS Statistics version 25 (Armonk, NY: IBM 

Corp). All variables were assessed for normality before analysis was completed to determine 

if parametric or non-parametric methods would be required using histograms and the Shapiro-

Wilk test for normality. The results of the normally distributed variables are reported as mean 

± standard deviation, and the not normally distributed variables are presented as median 

(interquartile range). The mean or median were utilised in accordance with the distribution of 

each variable to report the visual, olfactory, and taste results of the sensory analysis. The 

perceived likeability of each honey sample as determined by the panellists was ranked in 

descending order based on their mean results. Using this ranked order, a Mann-Whitney U test 

was completed to determine the differences between the highest ranked honey and the 

remaining samples. Finally, due to the inclusion of non-parametric measures, a Kendall’s Tau 

coefficient of correlation was utilised to determine the relationships between the sensory 

analysis data, and the in vitro laboratory data. The level of significance was defined as P < 0.05.  
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4.2.4. Results and Discussion 

Panel attributes 

Panellist’s usual honey preferences and consumption habits 

The findings of the Honey-FFQ identified that the panellists generally consume honey “less 

than once per month” (33%), “1-3 times per month” (21%), and “once a week” (21%). When 

panellists were asked to select all that apply, the most common reasons for the consumption of 

honey included as a marinade (54%), followed by as a spread (50%), as a topping for cereals 

and yoghurt (46%), and in drinks (46%). In total, 75% purchased their honey from various 

commercial stores, which is comparable to previous findings in an Australian population where 

70% of consumers purchase their honey from supermarkets (20). Contrastingly, when selecting 

all that apply, 33% also preferred to source their honey from alternative locations such as 

farmers markets, with 25% only choosing honey from these alternative sources.  

When purchasing honey, the panellists identified that price (71%), flavour (67%), and 

product origin (54%) were important factors in the selection of the products. Furthermore, 79% 

of panellists did not consider the brand, packaging, and familiarity to be important factors when 

making honey purchasing decisions. A study by Kortesniemi et al. (21) reported similar results 

where familiarity of honey products was valued by 21% of panellists interviewed (21), with a 

separate study proposing that the familiarity of honey is further associated with the honey 

preference (227).  
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Bitter taste endophenotype evaluation 

It is well established that plant polyphenols can be toxic when consumed due to their role in 

plant defence mechanisms, and therefore are detected as bitter in taste to discourage 

consumption (228). Polyphenols are transferred from the nectar and pollen of plants into the 

honey during honey production, resulting in a potential bitter taste (229). Individuals may have 

a genetic predisposition to detect bitter taste, such as that of the 6-n-propylthiouracil (PROP) 

solution (230), which would enhance the bitter taste experienced from honey consumption. The 

results of the bitter taste endophenotype PROP test (218) indicated that 83% of panellists were 

classified as non-tasters, while 17% classified as medium tasters, with no assessors in this study 

classifying as super tasters. Due to low numbers of the panellists demonstrating characteristics 

of the bitter taste polymorphism, there is insufficient evidence to suggest the detection of bitter 

taste in the honey samples during a sensory analysis would be skewed.  
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Sensory analysis 

The honey samples were divided into categories based on their front of label packaging, and 

the attributes investigated in the sensory analysis are depicted for these grouped categories 

(Figure 5). For the visual characteristics (Figure 5a), the colour intensity was perceived to be 

darkest in Manuka honeys (Category 1), with Regional honeys (Category 5) containing the 

honeys that had the thickest texture when moved around the jar. Crystallisation was reported 

to be low for all categories, suggesting that the reported thick texture of the honeys was not 

due to the presence of crystallised sugar in the honey. This could potentially be attributed to 

the heat treatment processes applied to commercial honeys to prevent the resulting crystal 

formation from a higher sugar to water ratio (23).  

As can be observed in Figure 5b, the individual odour attributes were not 

distinguishable, however the chemical smell was least detected in these samples, with the fruity 

smell being the most distinct. In contrast, the odour intensity was strongly detected across all 

categories, particularly the Manuka category (Category 1). This suggests that the overall odour 

of honey is the result of a combination of the various assessed odour attributes, rather than the 

intensity of any single odour.  

The taste (Figure 5c) most strongly detected in the samples was sweetness, which can 

be attributed to the high sugar content of honey (14). While the detection of the other taste 

characteristics was low, the aftertaste of the samples was generally high, and except for Generic 

Brand honey (Category 3), follows a similar pattern to the reported sweetness of the samples. 

Furthermore, the reported mouthfeel of the samples was low for all categories, which can be 

explained by the absence of crystallisation, as determined by the assessment of visual 

characteristics.   
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Figure 5. The mean values for the honey sensory analysis (honey sample n = 32; each sensory 

property assessed once). Note: (a) = visual characteristics; (b) = olfactory characteristics; 

(c) = taste characteristics. The external numbers represent the honey categories where the mean 

value for each sensory attribute based on panellist response (n = 24) is represented; 1 = Manuka 

Honey; 2 = Organic Honey; 3 = Generic Brand Honey; 4 = Australian Floral Honey; 

5 = Regional Honey; 6 = Pure Honey. Internal numbers represent the rating scale (cm) of the 

sensory analysis, with each colour representing a different attribute.  
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Likeability of the honey samples 

Panellists were asked to consider the visual, olfactory, and taste properties for each of the 

honeys as part of the sensory analysis, and report on their perceived likeability and preference 

for each sample (Table 5). Overall, large variations in panellist perception were observed for 

the range of selected honeys. For example, the smallest range observed was 9.0 cm out of a 

possible 14.5 cm (honey A) with the largest range observed being 14.5 cm (honeys M, T, and 

AB), resulting in no overall consensus for the preference of any of the honeys. Each honey is 

ranked in in descending order in Table 5 based on their calculated means, with panellists 

identifying honey C as being the most (10.6 cm ± 2.84), and honey E as being the least 

(5.75 cm ± 3.71) liked. The completion of a Mann-Whitney U test (Table 5) allowed for the 

determination of the differences between honey C and all remaining honeys. It was identified 

that 23 of the remaining 31 honeys were significantly less liked than honey C, the most liked 

honey (P < 0.05). As anticipated, honeys with a higher mean likeability were not different to 

honey C, with the exception of honey W (U = 196.5, P = 0.059), which reported no difference 

despite reporting a lower mean likeability than some of the significantly different honeys.  

The large ranges and significant differences in likeability of each sample suggest that 

the panellists did not all value the same properties of the honey. It has been identified that a 

variety of factors can contribute to consumer preference of honey, including texture, flavour, 

price, origin, and packaging (21, 209-211), however, with the exception of flavour and texture, 

the current research explores additional factors. In particular, the analysis of the sensory and in 

vitro properties of the honeys allowed for the identification of the specific factors that could 

influence consumer choice.  
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Table 5. The perceived consumer likeability of a range of commercially available Australian 

honeys.  

Rank Honey Minimum – 

Maximum 

(Range) 

Mean ± SD Difference 

U Significance 

1 C4 4.6 - 14.5 (9.9) 10.6 ± 2.84 - - 

2 R1 5.1 - 14.5 (9.4) 9.39 ± 2.85 224.0 0.187 

3 B6 0.0 - 14.4 (14.4) 9.28 ± 3.96 235.5 0.279 

4 AE3 3.3 - 14.5 (11.2) 9.26 ± 2.84 208.0 0.099 

5 I5 2.4 - 14.5 (12.1) 9.13 ± 3.24 213.5 0.124 

6 Y3 2.0 - 14.5 (12.5) 9.09 ± 3.80 219.0 0.155 

7 J6 0.7 - 14.5 (13.8) 9.05 ± 3.50 217.5 0.146 

8 S1 0.8 - 14.5 (13.7) 8.86 ± 4.01 220.0 0.161 

9 AF3 3.5 - 13.7 (10.2) 8.83 ± 2.61 176.5 0.021* 

10 D5 2.9 - 14.5 (11.6) 8.81 ± 2.92 181.0 0.027* 

11 W4 2.3 - 14.2 (11.9) 8.70 ± 3.31 196.5 0.059 

12 V6 1.5 - 14.3 (12.8) 8.48 ± 3.11 179.5 0.025* 

13 H4 2.1 - 14.5 (12.4) 8.46 ± 3.10 176.5 0.021* 

14 K5 2.0 - 14.2 (12.2) 8.38 ± 3.49 178.5 0.024* 

15 AD2 0.0 - 14.4 (14.4) 8.35 ± 3.67 186.5 0.036* 

16 O6 0.4 - 14.4 (14.0) 8.31 ± 3.73 178.0 0.023* 

17 G5 0.5 - 13.5 (13.0) 8.26 ± 3.20 161.0 0.009* 

18 X3 1.8 - 14.4 (12.6) 8.22 ± 3.54 179.5 0.025* 

19 F4 1.8 - 14.1 (12.3) 8.15 ± 3.60 170.5 0.015* 

20 L3 1.3 - 12.9 (11.6) 8.11 ± 3.42 170.0 0.015* 

21 Q1 2.2 - 14.0 (11.8) 8.08 ± 3.26 165.0 0.011* 

22 P5 0.4 - 14.1 (13.7) 7.53 ± 3.36 137.5 0.002* 

23 N4 0.0 - 13.3 (13.3) 7.51 ± 3.80 158.0 0.007* 

24 A4 3.1 - 12.1 (9.0) 7.45 ± 2.81 129.5 0.001* 

25 AA3 1.3 - 14.4 (13.1) 7.32 ± 3.43 133.0 0.001* 

26 U1 0.0 - 13.0 (13.0) 7.20 ± 3.23 122.5 0.001* 
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27 Z3 1.2 - 12.3 (11.1) 6.90 ± 3.02 110.5 0.000* 

28 T1 0.0 - 14.5 (14.5) 6.80 ± 4.60 143.0 0.003* 

29 M1 0.0 - 14.5 (14.5) 6.56 ± 4.56 138.0 0.002* 

30 AC2 0.0 – 12.0 (12.0) 6.23 ± 3.76 106.5 0.000* 

31 AB4 0.0 – 14.5 (14.5) 6.12 ± 4.66 133.5 0.001* 

32 E6 0.0 – 12.2 (12.2) 5.75 ± 3.71 86.5 0.000* 

Note: The likeability of the honey samples (n = 32; likeability assessed a single time) is 

reported as minimum - maximum (range) and mean ± standard deviation. The superscript next 

to the honey identification letter represented the allocated group based on the front of label 

packaging description of the honey: 1 = Manuka Honey; 2 = Organic Honey; 3 = Generic Brand 

Honey; 4 = Australian Floral Honey; 5 = Regional Honey; 6 = Pure Honey. * Differences are 

significant at the 0.05 level.   
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Relationships between sensory and in vitro characteristics 

To determine the relationships between the sensory characteristics and the in vitro antioxidant 

characteristics and physicochemical properties (Supplementary Table S2), a Kendall’s Tau 

correlation was completed. Following the determination of the ranked order for the likeability 

of the samples, the associations with likeability were also assessed, with a selection of the 

correlations presented in Table 6 (for a complete table of correlations please see Supplementary 

Table S3).  

The likeability of the honey samples was only positively correlated with sweetness 

(τ = 0.353, P < 0.01); all other associations were negative. These included; crystallisation 

(τ = - 0.260, P < 0.05), odour intensity (τ = -0.297, P < 0.05), the odour attributes of waxy 

(τ = - 0.255, P < 0.05), chemical (τ = -0.374, P < 0.01) and fermented (τ = -0.324, P < 0.01), 

mouthfeel (τ = -0.288, P < 0.05), aftertaste (τ = -0.435, P < 0.01), the taste attributes of sourness 

(τ = -0.277, P < 0.05) and bitterness (τ = -0.252, P < 0.05), and pH (τ = -0.437, P < 0.01). In a 

relatively recent study by Cosmina et al. (209), the presence of crystals in honey were found to 

be disliked by Italian consumers. In addition, a preference for honeys that are more liquid in 

texture has been reported (21, 209), supporting the data collected in this analysis. However, the 

preference for the mouthfeel of honey is conflicting in the literature, as a study by Murphy et 

al. (211) reported a preference for thick honey. Further, there were no associations between the 

perceived likeability and the in vitro laboratory data, except for pH. This suggests that these 

potential health properties did not influence the sensory characteristics of the honeys reported 

by panellists in this study.  

  



The Use of Commercially Available Honeys as a Potential Treatment for Oral Mucositis in Oncology Patients 

120 

In the current study the price of honey (AUD/100 g) was not associated with the 

likeability (P = 0.143), revealing that when price is unknown to consumers, commercially 

available honeys are perceived as equal. In a survey of Australian consumers which 

investigated participant behaviours towards honey products, the price value of honey was 

reported to significantly contribute to their honey selection (20), which is also supported by 

further studies (210, 211). The panellists in the current study did not know the value of each 

sample as they assessed them, and therefore the price value of the samples could not be 

considered a bias towards the panellist’s overall perception of the honeys. Interestingly, the 

price of honey was positively associated with CUPRAC (τ = 0.271; P < 0.05) and 

TPC (τ = 0.316, P < 0.05), suggesting that honeys with a higher price contain higher amounts 

of the antioxidant-displaying compounds.  

The perceived sweetness, which was associated with likeability, was inversely related 

to the bitter (τ = -0.271, P < 0.05) and sour (τ = -0.385, P < 0.01) tastes, and honey’s aftertaste 

(τ = -0.260, P < 0.05), which were all also negatively associated with the likeability, 

highlighting how important the panellists considered this taste characteristic to be. Sweet taste 

in food is commonly associated with its sugar content, with soluble solids also generally being 

correlated with sugar (14), and soluble solids comprising 80% of the sugar content (231). 

Despite this, the perceived sweet taste of the samples in this study was inversely associated 

with the TSS (τ = -0.315; P < 0.05). 



Chapter 4 

121 

Table 6. Kendall’s Tau correlations between a selection of the sensory attributes, antioxidant characteristics, physicochemical properties, and price 

of a range of commercially available Australian honeys.  

 Crystall

isation 

Odour 

Intensity 

Mouthf

eel 

Aftertast

e 

Sweetne

ss 

Bittern

ess 

Likeabil

ity 

DPPH 

Inhibiti

on (%) 

CUPRA

C 

TPC ABS 

450 

pH AU

D/1

00g 

Crystallisa

tion 

1             

Odour 

Intensity 

0.135 1            

Mouthfeel 0.550** 0.148 1           

Aftertaste -0.039 0.256* -0.004 1          

Sweetness -0.176 -0.218 -0.104 -0.260* 1         

Bitterness 0.289* 0.262* 0.221 0.203 -0.271* 1        

Likeability -0.260* -0.297* -0.288* -0.435** 0.353** -0.252* 1       
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DPPH 

Inhibition 

(%) 

-0.162 0.059 -0.077 0.379* -0.059 0.028 -0.202 

 

1      

CUPRAC -0.125 0.276* -0.089 0.315* -0.131 0.118 -0.177 0.476** 1     

TPC -0.141 0.147 -0.077 0.234 -0.042 0.057 -0.105 0.468** 0.677** 1    

ABS450 -0.113 0.139 -0.012 0.290* 0.006 0.061 -0.097 0.500** 0.556** 0.573** 1   

pH 0.181 0.415** 0.165 0.311* -0.224 0.149 -0.437** 0.169 0.339** 0.270* 0.209 1  

AUD/100

g 

-0.025 0.137 0.157 0.193 -0.187 0.254* -0.184 0.111 0.271* 0.316* 0.225 0.155 1 

Note: Honey sample n = 32. Sensory properties assessed a single time, laboratory data assessed in triplicate. ** Correlation is significant at the 

0.01 level; * Correlation is significant at the 0.05 level. Further correlations in Supplementary File S3. 
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Limitations and future directions 

A limitation of this study is that an analysis of the sugar composition of the honey samples was 

not completed. Determining the proportions of sugars, particularly the fructose content, could 

have supported the observed association between the likeability of honey and the perceived 

sweetness. Additionally, the honey sensory analysis was only completed once by the panellists. 

While all panellists were trained in this analysis, a reassessment of some of the samples would 

have allowed for the confirmation of the panellist’s results. Furthermore, the techniques used 

for some of the laboratory analysis could contribute to a limitation of the research. This includes 

the quantification of the phenolic content and antioxidant characteristics in this study being 

completed spectrophotometrically. This technology has an inability to provide detailed 

compositional data, and can detect different compounds present at the same wavelength, 

resulting in the potential and inaccurate content overestimation (232).  

The results acquired in this study can potentially be used to inform consumer 

commercial honey selection, particularly through the observed negative associations with the 

perceived likeability. For example, the dislike of the crystallisation could inform retailers that 

their honey may not be selected for a purchase in comparison to non-crystallised types. These 

negative associations could potentially drive consumer purchasing decisions in opposition of 

the selection of these honeys, in comparison to the likeability of sweetness encouraging honey 

selection. This research was exploratory in nature. Therefore, future research should focus on 

completing the honey likeability assessment with a larger population size, to be able to confirm 

the current likeability conclusions. Additionally, there should be a focus on investigating 

further influences on consumer honey selection, including the influence of packaging and 

product origin. It should also examine consumer understanding of the potential medicinal 

benefits of honey, and if this knowledge would influence honey purchasing decisions.   
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4.2.5. Conclusions 

The present study identified some of the organoleptic and physical influences on the perceived 

consumer likability of a range of commercially available Australian honeys. While the 

sweetness of honey was positively associated with the likeability, a greater range of visual, 

olfactory, and taste attributes, in addition to honey’s pH were identified to be inversely 

correlated, which could potentially drive consumer purchasing decisions. Interestingly, neither 

the antioxidant profile nor retail price had an influence on the consumer perception of the honey 

samples, which could be due to the blinded nature of the study design and should be 

investigated further. Further, the differences observed between the likeability of the honey 

samples also demonstrate that commercial Australian honeys are not perceived to be equally 

preferred by the sample population of Australian consumers.  
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5.1. Chapter 5: Summary 

The manuscript presented in this chapter (Chapter 5) was completed as original research and 

is published in Current Research in Food Science. The perceived likeability of the 

commercially available Australian honeys (Chapter 4) encouraged further compositional 

analysis for these samples. Therefore, a thorough investigation of the bioactive composition, 

antioxidant characteristics, antibacterial activity, and physicochemical properties of a range of 

commercially available Australian honeys was completed. This was the first investigation to 

analyse these compositional properties, which have previously been attributed to honey’s 

wound-healing abilities, for this variety of honey. The findings of this chapter have the 

potential to inform honey producers and consumers on the marketability of these honey 

samples based on their identified potential health-related properties.  

This chapter addresses Thesis Objective 4: 

Quantify some of the compositional properties attributed to commercially available 

Australian honey’s wound-healing abilities.  
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Chapter 5 Aim and Objectives 

Chapter 5 Aim:  

Determine the bioactive composition, antioxidant characteristics, antibacterial activity, 

and physicochemical properties of a relatively large selection of commercially available 

Australian honeys.  

Chapter 5 Objectives:  

• Determine a range of compositional properties for a selection of commercially available 

Australian honeys 

• Identify the relationships between the assessed properties of the analysed commercial 

samples 

• Investigate any differences between the categories of commercially available 

Australian honeys 
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5.2. Published Manuscript 

5.2.1. Abstract 

Honey is a supersaturated sugar solution produced from plant nectar, with its composition 

influenced by geographic and floral origins, and with several properties contributing to its 

health-related abilities. This study aimed to determine the bioactive composition, antioxidant 

characteristics, antibacterial activity, and physicochemical properties of commercial Australian 

honeys. In total, 42 commercial Australian honeys were selected, and categorised according to 

front-label descriptions. Honeys were analysed: quality (Hydroxymethylfurfural); colour 

(colour intensity, L*,a*,b*); bioactive composition (phenolic, flavonoid, and carotenoid 

content); antioxidant characteristics (DPPH, CUPRAC, FRAP); antibacterial activity (MIC50); 

physicochemical properties (pH, TSS, viscosity, aw). Colour intensity correlated with each 

assessed bioactive compound and antioxidant characteristic (P ≤ 0.001). MIC50 (S. aureus) was 

associated with FRAP and aw, suggesting mechanisms of action for honey’s antibacterial 

activity. Manuka-type honeys had higher colour intensity (1440 (98.5) mAU) than other 

categories (P ≤ 0.05), and consistently higher bioactive and antioxidant properties. This 

provides the potential to inform antioxidant-related health outcomes.  
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5.2.2. Introduction 

Honey is used as a food source and for medicinal purposes across a variety of different cultures 

(3, 114), and is produced as a combination of nectars and bees salivary secretions (1). Honey 

is a supersaturated sugar solution consisting predominantly of fructose (~38%) and glucose 

(~31%) (5), and a variety of over 200 other substances (7). An array of these compounds are 

considered antioxidants, including phenols, flavonoids, carotenoids, and other enzymatic and 

non-enzymatic compounds (7, 233). Honey’s composition, including antioxidant content, is 

dependent on its floral source and geographic origins (12, 42), which also influence the 

appearance of honey’s physicochemical properties (234).  

The in vitro physiological and health-related benefits of some of honey’s compounds are 

well established (9). The effects include honey’s antioxidant activity, which can be attributed 

to honey’s composition, including its bioactive compounds (235). Honey’s antioxidant 

compounds can reduce the effects of oxidative reactions, such as reducing cellular damage 

caused by free radical production in vitro (42). Additionally, the bioactive compounds, notably 

phenols, have been demonstrated to contribute to the antibacterial activity of honey (41). The 

antibacterial properties of honey can also be attributed to its physicochemical properties, such 

as pH and osmolarity (41), and compounds toxic to bacterial cells in vitro, including hydrogen 

peroxide, and methylglyoxal in Manuka honey (43, 198). Honey is also associated with 

decreases in inflammation in vitro through the simultaneous effects of its antioxidant and 

antibacterial properties (35).  
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In Australia, honey is sold as a pure product and must not contain additional substances, 

including added sugars (236). Commercial honeys are subjected to heating (45°C for 8 hours) 

(22) and filtration, which contributes to maintaining product quality and consistency (21). 

However, commercial treatments have potential to negatively alter honey’s physical properties, 

in addition to its antibacterial potential (22). Further, as some antioxidants degrade during 

thermal processing (237), potential alterations to honey antioxidant quality may also occur. 

However contradictory evidence identifies that appropriate processing methods can increase 

honey’s total antioxidant activity (23).  

The bioactive, antioxidant, antibacterial, and physicochemical properties of different types 

of honey have previously been described in literature, considering their locations and botanic 

origins (238, 239). However, the analysis of Australian commercial honeys is relatively 

unexplored (214, 240, 241). In Australia, commercial honeys represent a considerable market 

proportion, with 70% of honeys reportedly purchased in supermarkets (20). To the best of our 

knowledge, there are no published studies examining the bioactive, antioxidant, antibacterial, 

and physicochemical properties of honeys of this type. Therefore, this study aimed to determine 

the bioactive composition, antioxidant characteristics, antibacterial activity, and 

physicochemical properties of a relatively large selection of commercially available Australian 

honeys. 
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5.2.3. Materials and Methods 

Chemicals and reagents 

All chemicals used were of analytical grade. Ethanol, Methanol, (±)-6-hydroxy-2,5,7,8-

tetramethylchromane-2-carboxylic acid (Trolox), 2,2-Diphenyl-1-picrylhydrazyl (DPPH), 

2,4,6-tris(2-pyridyl)-s-triazine (TPTZ), Acetone, Aluminium Chloride, Ammonium Acetate, 

Catechin, Copper (II) Chloride Dehydrate, Ferric Chloride, Folin-Ciocalteur Reagent, Gallic 

Acid, Glacial Acetic Acid, Hexane, Hydrochloric Acid, Neocuprine, Potassium 

Hexacyanoferrate (II), Sodium Acetate Trihydrate, Sodium Carbonate, Sodium Hydrogen 

Sulphite, Sodium Hydroxide, Sodium Nitrate, and Zinc Acetate were purchased from Sigma-

Aldrich (Castle Hill, Sydney, Australia). Nutrient Agar Plates and Nutrient Broth were 

purchased from Thermo Fisher Scientific (Thebarton, South Australia, Australia). Deionised 

(DI) water was collected following purification (Millipore Australia, North Ryde, NSW), with 

a resistivity higher than 18MΩcm-1.  

Samples 

Honey samples (n = 42) were purchased in 2017 from chain supermarkets (Aldi®, Coles®, 

Independent Grocers Australia®, Woolworths®) across the Australian Capital Territory and 

surrounding regions based on availability at time of purchase. All samples were stored in 

darkness at room temperature (26 ± 3°C) as per Beretta et al. (214). Honeys were then sorted 

alphabetically and assigned an identification letter ranging from A to AP for reporting. Limited 

information regarding the floral and geographical origins of the commercial honeys were 

provided on the label, except for stating the honeys were of Australian origin. As these honey 

samples were purchased directly from supermarket retailers, only the information provided on 

the labels was available for use. However, from the front-label packaging information 

provided, the samples were categorised as: (1) Manuka (including honeys stated to contain 
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Manuka) honey, (2) Organic honey, (3) Generic Brand honey, (4) honeys with specified Floral 

origins, (5) honeys from a specific Region of Australia, and (6) Pure (otherwise unspecified) 

honeys.  

Preparation of samples 

Honeys were diluted with DI water to predetermined concentrations, with values converted to 

100% concentrations following analysis. Diluted samples were sonicated (FXP4, Ultrasonics 

Australia, Brookvale, NSW) on the highest sonication power until a clear, sediment-free 

solution was obtained (214). This allowed for the production of an evenly distributed honey-

water solution. Samples did not exceed 50°C to prevent potential temperature-related 

degradations of bioactive compounds (214).  

Honey quality analysis 

The Hydroxymethylfurfural (HMF) content of the honeys was determined following the White 

method (242). A clarified honey sample was compared to a reference standard in which HMF 

molecules were destroyed by Sodium Bisulphate (0.2% w/v). Both samples were measured 

spectrophotometrically (GeneQuant 1300, GE Healthcare, Silverwater, NSW, Australia) at 

284 nm and 336 nm against a DI water blank, with HMF content reported in mg/kg of honey, 

and determined by the following:  

𝐻𝑀𝐹 (𝑚𝑔/100𝑔 𝑜𝑓 ℎ𝑜𝑛𝑒𝑦) = ((𝐴𝑏𝑠284 − 𝐴𝑏𝑠336) ∗ 𝐹𝑎𝑐𝑡𝑜𝑟)/𝑊 

(Note: W = weight of sample (grams); Factor = (126*100*1000*100)/(16830*1000) = 74.87 

(126 = honey molecular weight; 16830 = molar absorptivity of HMF at 284 nm) (242)).  
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Bioactive composition 

Total phenolic content 

Total phenolic content (TPC) was determined using the Folin-Ciocalteur method (221) in 

triplicate, modifying for honey analysis. Absorbance was measured at 765 nm against a DI 

water blank, using a UV spectrophotometer (Multiskan Go, Thermo Scientific, MA, USA). 

Results were expressed as milligram Gallic Acid equivalents (GAE) per gram of honey 

(mg GAE/g).  

Total flavonoid content 

Total flavonoid content (TFC) was determined according to Wu and Ng (243). The absorbance 

was measured at 510 nm against a DI water blank (Multiskan Go, Thermo Scientific, MA, 

USA), with results expressed as microgram Catechin equivalents (CE) per gram of honey 

(µg CE/g).  

Carotenoid content (β-carotene and lycopene) 

Carotenoid equivalents were determined using a modified version of the method described by 

Ferreira et al. (244). Initially, 2 mL of each 50% (w/v) honey sample was combined with 10 mL 

hexane-acetone mixture (6:4), sonicated immediately for 10 minutes, and filtered (Whatman 

No. 1 filter paper). Absorbance was determined spectrophotometrically (Novaspec Plus, 

Visible Spectrophotometer, Amersham Biosciences, UK) at 453 nm, 505 nm, and 663 nm 

against a DI water blank. The concentrations of β-carotene (-CE) and lycopene (LE) 

equivalents were determined using the following equations, with results expressed as milligram 

of carotenoid per kilogram of honey (mg β-CE/kg; mg LE/kg).  

𝛽 − 𝑐𝑎𝑟𝑜𝑡𝑒𝑛𝑒 (𝑚𝑔/100𝑚𝐿) = 0.216 ∗ 𝐴𝑏𝑠663 − 0.304 ∗ 𝐴𝑏𝑠505  + 0.452 ∗ 𝐴𝑏𝑠453  

𝐿𝑦𝑐𝑜𝑝𝑒𝑛𝑒 (𝑚𝑔/100𝑚𝐿 = 0.0458 ∗ 𝐴𝑏𝑠663 + 0.372 ∗ 𝐴𝑏𝑠505 + 0.452 ∗ 𝐴𝑏𝑠453  
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Antioxidant characteristics 

2,2-diphenyl-1-picrylhydrazyl (DPPH) assay 

The antioxidant radical scavenging capacity was measured using the DPPH assay according to 

Thaipong et al. (219), with modifications according to honey analysis. Absorbance was 

measured in triplicate at 515 nm (Multiskan Go, Thermo Scientific, MA, USA). Results were 

expressed as millimoles of Trolox equivalents (TE) per gram of honey (mmol TE/g) using the 

following (note: MTrolox = 250.29 g/mol) (219):  

𝑇𝑟𝑜𝑙𝑜𝑥 𝑒𝑞𝑢𝑖𝑣𝑎𝑙𝑒𝑛𝑡 = ((𝐼𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛(%) − (𝑖𝑛𝑡𝑒𝑟𝑐𝑒𝑝𝑡)/𝑠𝑙𝑜𝑝𝑒)/𝑀𝑇𝑟𝑜𝑙𝑜𝑥) ∗ −1 

The percentage of inhibition of antioxidant activity was determined as follows:  

𝐷𝑃𝑃𝐻 𝐼𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛(%) = (1 − (𝑠𝑎𝑚𝑝𝑙𝑒 𝐴𝑏𝑠/𝑟𝑒𝑎𝑔𝑒𝑛𝑡 𝑏𝑙𝑎𝑛𝑘)) ∗ 100 

Cupric reducing antioxidant capacity (CUPRAC) assay 

The cupric reducing antioxidant capacity (CUPRAC) was determined according to Apak et al. 

(220). The absorbance was measured in triplicate at 450 nm (Multiskan Go, Thermo Scientific, 

MA, USA) and expressed as millimoles of Trolox equivalents per gram of honey (mmol TE/g).  

Ferric reducing antioxidant power (FRAP) assay 

The FRAP assay was completed according to Thaipong et al. (219). The absorbance was 

measured in triplicate at 593 nm (Multiskan Go, Thermo Scientific, MA, USA), with results 

expressed as millimoles of Trolox equivalents per gram of honey (mmol TE/g).  
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Colour analysis 

Colour intensity 

The colour intensity was measured using the method of Beretta et al. (214). The 50% (w/v) 

honey samples were filtered (Whatman No. 1 filter paper), and absorbance was determined 

spectrophotometrically (Multiskan Go, Thermo Scientific, MA, USA) at 450 nm and 720 nm. 

The colour intensity is reported as the difference in spectrophotometric absorbance at the two 

wavelengths against a DI water blank and expressed as mAU.  

L*, a*, b* 

The International Commission on Illumination (CIE) L*, a*, b* colour measurements of the 

honey samples were determined by evenly distributing 50 g of each sample around a clear 

plastic petri dish 8.5 cm in diameter (222). Measurements were taken in quintuplicate against 

a white coloured background and reported as per the values provided by the equipment (Color 

Reader CR-20, Konica Minolta, Japan).  

Antibacterial activity 

The antibacterial activity was measured using the minimal inhibitory concentration (MIC50) 

method, as per Patton et al. (245). Serial dilutions (n = 13) of unfiltered honey were prepared 

using nutrient broth. Honey-nutrient broth solutions were inoculated with test culture 

(standardised to McFarland 3.0) of Gram-positive Staphylococcus aureus or Gram-negative 

Pseudomonas aeruginosa to give 5% (v/v) concentrations, mixed, and aliquoted into wells. 

Immediately following this, spectrophotometric absorbance was determined in triplicate at 620 

nm (T0) (Multiskan Go, Thermo Scientific, MA, USA) against a control well containing 

inoculated broth without honey. Samples were incubated in darkness for 24 hours at 37°C, and 

absorbance was measured again at T24 at 620 nm. To calculate the MIC50, absorbance at T0 was 
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subtracted from T24, with the control well assigned a value of 100% growth. The percent 

inhibition of growth by the honey samples was determined using the formula:  

𝑃𝑒𝑟𝑐𝑒𝑛𝑡 𝐼𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛 = 100 − ((𝑠𝑎𝑚𝑝𝑙𝑒 𝐴𝑏𝑠 𝑇24 − 𝑇0)/(𝑐𝑜𝑛𝑡𝑟𝑜𝑙 𝐴𝑏𝑠 𝑇24 − 𝑇0)) ∗ 100 

When the difference between T0 and T24 recorded a negative value, the percent of bacterial 

growth was calculated:  

𝑃𝑒𝑟𝑐𝑒𝑛𝑡 𝐺𝑟𝑜𝑤𝑡ℎ = ((𝑠𝑎𝑚𝑝𝑙𝑒 𝐴𝑏𝑠 𝑇24 − 𝑇0)/(𝑐𝑜𝑛𝑡𝑟𝑜𝑙 𝐴𝑏𝑠 𝑇24 − 𝑇0)) ∗ 100 

The MIC50 was calculated using GraphPad Prism version 9 (San Diego, California, USA), and 

is reported as the concentration of honey (%; w/v) required to inhibit 50% of bacterial growth.  

Physicochemical properties 

pH 

The pH of the undiluted honey samples was determined in triplicate using a pH meter (Mettler 

Toledo, Port Melbourne, Australia) at room temperature (22.5°C ± 0.660) (224).  

Total soluble solids 

The total soluble solids (TSS) were determined using a handheld digital refractometer (Opti 

Brix 54, Bellingham = Stanley, Kent, United Kingdom) (225), modified for the use of 50% 

honey dilutions to allow for equipment requirements. Measurements were completed in 

triplicate and are expressed as °Brix.  
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Viscosity 

The viscosity of the undiluted honey samples (Pa s) was determined using a viscometer (Smart 

Series, Fungilab, Barcelona, Spain) using an R6 spindle at 5, 10 or 20 rpm, depending on the 

% torque of the sample (226).  

Water activity (aw) 

The aw of the undiluted honey samples was determined at room temperature (24.6°C ± 0.702) 

using an aw measuring instrument (LabSwift-aw, Novasina, Switzerland) according to 

manufacturer’s instructions.  

Statistical analysis 

Statistical analysis was completed using IBM SPSS Statistics version 25 (Armonk, NY: IBM 

Corp). Variables were examined to determine suitability for parametric or non-parametric 

methods using histograms, and the Shapiro-Wilk test for normality. Normally distributed 

variables are presented as mean ± standard deviation, while not normally distributed measures 

are presented as median (interquartile range). Due to the inclusion of not normally distributed 

variables, we utilised Kendall’s Tau coefficient of correlation to determine relationships 

between each of the parameters. To identify the influence of each variable of honey, a partial 

correlation was also completed. A One-Way ANOVA or Kruskall-Wallis ANOVA with 

Bonferroni correction as post hoc analysis was completed depending on the distribution of 

variables, to determine the differences in honey’s properties between all pre-determined 

categories. Significance was accepted at P ≤ 0.05.  
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5.2.4. Results and Discussion 

Honey quality analysis 

The formation of HMF results from sugar molecule dehydration in honey during the Maillard 

reaction that occurs during thermal treatments or storage (246). The presence of HMF in honey 

is indicative of degradation and overall loss of honey quality (27), and has been identified to 

be potentially carcinogenic in vitro (247). Therefore, the restriction of this compound is 

essential and should not exceed 40 mg/kg (1). All honey samples contained a HMF content 

lower than internationally recommended levels, with HMF levels ranging from 

0.150 (0.150) mg/kg (honey S) to 21.0 (1.50) mg/kg (honey Y).While excessive degradation of 

the honey samples (1) was not observed, storage duration prior to sample purchase is unknown, 

potentially contributing to HMF production (27).  

Bioactive compounds 

A summary of the total phenolic content (TPC) of the commercially available Australian honey 

samples is presented in Table 7 (complete data presented in Supplementary Table S4). For the 

analysed samples, the highest reported TPC was 0.663 (0.078) mg GAE (honey Y), with the 

lowest polyphenolic profile being 0.309 (0.125) mg GAE (honey AB). Similar phenol levels 

were reported in other international honey studies where Liu et al. (42) reported TPC of honey 

ranging from 0.307 ± 0.01 to 0.822 ± 0.03 mg GAE/g. In contrast, Aazza et al. (240) reported 

a range of 136.82 ± 13.60 to 923.70 ± 13.60 mg GAE/kg for a selection of commercial 

Moroccan honeys. The wider range of phenolic content observed for these samples compared 

to the commercial Australian honeys could be due to the difference in geographical flora 

utilised in the production of both honey samples.  
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Table 7. Summary of the bioactive composition, antioxidant characteristics, colour analysis, antibacterial activity, and physicochemical properties 

of a selection of commercially available Australian honeys.  

 Highest Ranked Honeys Lowest Ranked Honeys 

Bioactive Composition 

TPC (mg GAE)a Y1 Z1 T1 AB6 AO3 A3 

0.663 (0.078) 0.635 (0.049) 0.604 (0.124) 0.309 (0.125) 0.344 (0.025) 0.360 (0.019) 

TFC (µg CE)a Z1 Y1 S5 A3 B4 G6 

96.4 (7.37) 92.5 (12.1) 84.6 (11.8) 41.6 (1.48) 44.9 (2.38) 47.0 (4.70) 

β-carotene (mg/kg)a Z1 Y1 X1 A3 K5 Q6 

69.6 (4.95) 69.5 (17.9) 51.5 (3.68) 17.1 (4.58) 17.4 (2.32) 19.3 (15.6) 

Lycopene (mg/kg)a R5 Y1 Z1 A3 K5 AF3 

24.9 (17.8) 24.8 (10.0) 23.5 (3.76) 7.43 (3.62) 7.74 (2.60) 7.98 (1.79) 

Antioxidant Characteristics 

DPPH (mmol TE) Y1 AN2 AI4 AE3 J4 H4 

0.713 ± 0.041 0.600 ± 0.088 0.596 ± 0.046 0.207 ± 0.045 0.242 ± 0.020 0.315 ± 0.021 

DPPH Inhibition (%) Y1 AN2 AI4 AE3 J4 H4 

69.0 ± 3.97 58.1 ± 8.46 57.8 ± 4.38 20.5 ± 4.32 23.9 ± 1.94 30.8 ± 2.03 

CUPRAC (mmol TE)a Y1 Z1 O1 J4 AO3 AJ5 

21.8 (1.36) 20.8 (0.910) 19.8 (0.803) 8.28 (1.31) 8.51 (0.368) 10.4 (0.151) 

FRAP (mmol TE) Y1 O1 Z1 J4 AE3 AO3 

3.76 ± 0.158 3.08 ± 0.635 2.84 ± 0.266 0.670 ± 0.390 0.841 ± 0.297 1.05 ± 0.168 

Colour Analysis 

Colour Intensity 

(mAU)a 

Z1 Y1 X1 G6 K5 Q6 

1440 (98.5) 1196 (42.9) 905 (77.5) 241 (5.30) 261 (4.00) 303 (6.70) 

L*a O1 A3 B4 Y1 Z1 AP3 

33.6 (0.800) 25.1 (1.20) 23.8 (1.90) 11.7 (0.800) 12.0 (0.800) 12.6 (0.850) 

a* O1 AA1 AN2 G6 K5 AO3 

7.90 ± 0.212 7.50 ± 0.436 7.36 ± 1.78 0.980 ± 0.327 1.98 ± 0.455 2.30 ± 0.596 
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b*a O1 A3 P4 Y1 Z1 L6 

24.7 (0.400) 18.2 (2.05) 16.7 (3.10) 5.30 (0.800) 6.00 (1.05) 6.20 (0.900) 

Antibacterial Activity 

S. aureus MIC50 (% 

dilution; w/v) 

L6 P4 AK2 Q6 R5 AM2 

5.82 4.76 4.75 0.078b 0.122 0.124b 

Physicochemical Properties 

pHa A3 AI4 P4 AF3 AP3 AO3 

4.64 (0.160) 4.60 (0.200) 4.43 (0.170) 3.74 (0.020) 3.81 (0.050) 3.82 (0.160) 

TSS (°Brix) H4 B4 E4 AC4 AB6 AN2 

60.2 ± 0.001 59.3 ± 0.115 59.3 ± 0.115 55.3 ± 0.115 55.8 ± 0.001 56.2 ± 0.001 

Viscosity (Pa s)a O1 H4 A3 P4 C2 AK2 

158.0 (1.32)† 76.4 (2.14)† 65.0 (26.1)† 11.0 (0.275)††† 12.8 (0.362)††† 16.8 (0.776)†† 

aw A3 B4 C2 AO3 AN2 AM2 

0.583 0.572 0.568 0.454 0.459 0.461 

Note: The three highest and lowest ranked honeys are presented. MIC50 was calculated from triplicate data; L*, a*, b* measurements were taken 

in quintuplicates, aw was analysed once for each sample, and all remaining variables were completed in triplicate. Normally distributed variables 

are presented as mean ± standard deviation, and not normally distributed variables are identified by ‘a’ and reported as median (interquartile range). 

ND = no data (insufficient sample volume); † = 5 rpm; †† = 10 rpm; ††† = 20 rpm; b = honey samples that recorded Ps. aeruginosa inhibition at 25% 

dilution concentrations (w/v). Letters represent honey sample ID; superscripts next to the honey identification letter are related to front-label 

category descriptions of the honey: 1 = Manuka Honey; 2 = Organic Honey; 3 = Generic Brand Honey; 4 = Australian Floral Honey; 5 = Regional 

Honey; 6 = Pure Honey.   
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A specific group of polyphenol includes flavonoids, and the TFC values of these honey 

samples are shown in Table 7 and Table S4. Honey sample Z (96.4 (7.37) µg CE) contained 

the greatest amount of the compound, and in comparison, sample A (41.6 (1.48) µg CE) had 

the lowest amount. The results obtained in this study are similar to findings in previously 

published literature, with total flavonoid content ranging from 27.07 ± 0.35 to 71.78 ± 0.84 mg 

CE/kg (248). The variation observed in both the TPC and TFC of different types of honey 

investigated within this study could be due to a variety of factors, including the honey’s floral 

source, in addition to potential quality degradation resulting from commercial treatments. 

The carotenoid content of the samples was determined using β-carotene and lycopene 

equivalents (244) (Table 7; Table S4). Honey sample Z (69.6 (4.95) mg β-CE/kg) contained 

the highest β-carotene equivalents, with honey A (17.1 (4.58) mg β-CE/kg) reporting the 

lowest. Additionally, the lycopene equivalents range from honey R (24.9 (17.8) mg LE/kg) 

reporting the highest, to honey A (7.43 (3.62) mg LE/kg). The composition of carotenoids in 

honey is dependent on a variety of factors, including the floral and geographic origins (233), 

which could be the cause of large ranges observed in the β-carotene and lycopene values.  

Antioxidant characteristics 

The DPPH assay was utilised to determine the antiradical scavenging capacity of the samples, 

and both the Trolox equivalent and percentage of inhibition were determined (Table 7; 

Table S4). It was revealed that honey sample possessing the greatest radical scavenging 

capacity was Y (0.713 ± 0.041 mmol TE; 69.0% ± 3.97). Alternatively, honey AE 

(0.207 ± 0.045 mmol TE; 20.5% ± 4.32) presented the lowest scavenging ability. Values 

derived in this study are comparable to other commercial samples, where inhibition was 

reported between 1.95% ± 0.87 to 19.12% ± 1.34 (249), with Australian samples presenting 

greater antioxidant potential.  
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The specific determination of the antioxidant reducing ability of the samples was 

completed through the CUPRAC assay (Table 7; Table S4), which assesses the ability of 

antioxidant compounds to reduce the Copper (II) Cupric ion (220). Honey sample 

Y (21.8 (1.36) mmol TE) showed the greatest cupric ion reducing ability, while sample 

J (8.28 (1.31) mmol TE) demonstrated the weakest ability. Previous findings demonstrate 

lower honey CUPRAC values (124.8 ± 63 – 532 ± 19 µmol TE/g) (250), which may indicate 

a higher mineral content within honey analysed in this research, contributing to a higher 

antioxidant reducing ability of the Australian commercial samples.  

The FRAP methodology determines the reducing power of honey by determining the 

ability of antioxidants present in samples to reduce the molecules Fe3+/ Fe2+ (251). The greatest 

ferric reducing ability (Table 7; Table S4) was identified in sample Y (3.76 ± 0.158 mmol TE), 

with sample J (0.670 ± 0.390 mmol TE) reporting the weakest power. Similar values were 

recorded for unifloral honeys, with a mean range of 1033.33 – 2779.17 mmol TE/kg (252).  

Relationships between bioactive compounds and antioxidant characteristics 

The completion of a Kendall’s Tau correlation identified relationships between each analysed 

variable (Table 8). The TPC and TFC values showed a significant correlation (τ = 0.566, 

P ≤ 0.001), and have also reported positive correlations with each antioxidant characteristic 

assay (P ≤ 0.001). However, it was observed that when TPC was controlled for, TFC and each 

antioxidant characteristic were no longer associated (P ≥ 0.05). In contrast, when TFC values 

were controlled, the antioxidant characteristics remain associated with TPC (P ≤ 0.05), 

suggesting honey’s TFC content does not significantly contribute to honey’s phenolic content, 

or the antioxidant potential of phenolic content. This is supported by the TFC for these samples 

being between 10.1% and 17.9% of the total polyphenolic content, with flavonoid content 

reported to be ~12.85% of the total polyphenols of honey (253).  
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Table 8. Kendall’s Tau correlations between the bioactive content, antioxidant characteristics, colour, antibacterial activity, and physicochemical 

properties of a selection of commercially available Australian honeys.  

 TPC TFC β-

Carote

ne 

Lycop

ene 

DPPH CUPR

AC 

FRAP Colour 

Intensi

ty 

L* a* b* MIC50 

(S. 

aureus) 

pH TSS Viscosi

ty 

aw 

TPC 1                

TFC 0.566* 1               

β-

Carotene 

0.494* 0.501* 1              

Lycopen

e 

0.310* 0.322* 0.580* 1             

DPPH 0.443* 0.361* 0.368* 0.194 1            

CUPRA

C 

0.700* 0.508* 0.42** 0.224*

* 

0.417* 1           

FRAP 0.559* 0.561* 0.359* 0.222*

* 

0.489* 0.659* 1          

Colour 

Intensity 

0.596* 0.547* 0.600* 0.287* 0.498* 0.566* 0.489* 1         
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L* -0.396* -

0.449* 

-

0.538* 

-

0.321* 

-

0.319* 

-

0.358* 

-

0.375* 

-

0.538* 

1        

a* 0.397* 0.315* 0.334* 0.094 0.406* 0.403* 0.355* 0.594* -0.202 1       

b* -0.321* -

0.359* 

-

0.455* 

-

0.284* 

-0.170 -

0.282* 

-

0.303* 

-

0.356* 

0.728* -0.033 1      

MIC50 (S. 

aureus) 

0.159 0.101 0.038 -0.052 0.150 0.143 0.220*

* 

0.103 0.015 0.092 -0.063 1     

pH 0.228** 0.013 0.057 -0.100 0.102 0.289* 0.132 0.144 0.105 0.245*

* 

0.176 0.083 1    

TSS -0.089 -

0.214*

* 

-0.169 0.004 -0.112 -0.056 -0.124 -0.209 0.241*

* 

-0.077 0.168 0.089 -0.067 1   

Viscosity -0.019 -0.044 -0.072 0.074 -0.005 -0.047 -0.126 -0.156 0.311* -0.009 0.288* -0.100 0.091 0.204 1  

aw 0.119 -0.105 -0.096 -0.089 -0.065 0.145 0.086 -0.012 0.073 0.035 -0.069 0.222** 0.221*

* 

0.237*

* 

-0.036 1 

Note: * Correlation is significant at 0.01; ** Correlation is significant at 0.05 
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The β-carotene and lycopene carotenoid equivalents were positively correlated (τ = 0.580, 

P ≤ 0.001), and were associated with both TPC and TFC (β-carotene: P ≤ 0.001; lycopene: 

P ≤ 0.05). While strong associations were observed for β-carotene and the antioxidant 

characteristics (P ≤ 0.001), lycopene did not correlate with DPPH (P = 0.070), and weakly 

correlated with CUPRAC and FRAP (P ≤ 0.05). When controlling for both TPC and TFC, 

neither β-carotene or lycopene correlated with any of the antioxidant characteristics (P ≥ 0.05), 

suggesting these carotenoid equivalents do not contribute to honey’s antioxidant potential in 

isolation.  

Colour analysis 

Honey’s colour is predominantly related to its pigmented contents, such as flavonoids and 

carotenoids, which are determined by honeys floral origins (222). Honey samples with more 

pigmented compounds appear darker, in comparison to honeys with lower levels of these 

compounds (233). Of the included samples (Table 7; complete data presented in Supplementary 

Table S5), honey Z (1440 (98.5) mAU) possessed the highest colour intensity, with honey 

G (241 (5.30) mAU) reporting the lowest. These findings are contradicted by Roshan et al. (15) 

who determined a lower range of colour intensity of 41 to 471 mAU for their selection of 

unifloral Australian honeys. Observed colour variations of the commercial samples may be due 

to either floral variation of Australian vegetation, or commercial treatments (254).  
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The lightest honey, as determined by L* values, was O (33.6 (0.800)), with the darkest 

honey being Y (11.7 (0.800)) (Table 7; Table S5). Considering that an L* value of 100 

represents white, the honeys in this study are relatively dark, with similar studies reporting L* 

values of between 42.12 ± 2.27 to 64.40 ± 0.63 (222). Additionally, a* values range between 

7.90 ± 0.212 (honey O) and 0.980 ± 0.327 (honey G), with b* values ranging from 

24.7 (0.400) (honey O) to 5.30 (0.800) (honey Y). Positive a* and b* values reported for all 

honeys indicate that the samples present as red and yellow in colour (223), while some honeys 

present a green profile (255).  

Relationships between colour, bioactive compounds, and antioxidant characteristics 

An inverse relationship was observed between colour intensity and L*, confirming the samples’ 

lightness (Figure 6h; τ = -0.538, P ≤ 0.001), as supported by previous research (222). Similarly, 

an inverse relationship was observed between colour intensity and b* (Figure 6j; τ = -0.356, 

P ≤ 0.001), with a strong correlation between L* and b* (τ = 0.728, P ≤ 0.001). As positive b* 

values represent honey’s yellowness, these correlations highlight that yellow is characteristic 

of light-coloured honeys. In contrast, the association between colour intensity and a* 

(Figure 6i; τ = 0.594, P ≤ 0.001) indicates that darker honeys are characterised by red.  
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Figure 6. Correlation between Colour Intensity (mAU) and (a) Total Phenolic Content 

(mg GAE), (b) Total Flavonoid Content (µg CE), (c) β-carotene equivalents (mg/100mL), 

(d) Lycopene equivalents (mg/100mL), (e) DPPH (mmol TE), (f) CUPRAC (mmol TE), 

(g) FRAP (mmol TE), (h) L*, (i) a*, (j) b*, of a selection of commercially available Australian 

honey samples. Statistical significance is P ≤ 0.01.  
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Colour intensity positively correlated (P ≤ 0.01) with each bioactive and antioxidant 

variable (Table 8, Figure 6). Carotenoid content of honey reportedly contributes to its colour 

through providing pigmentation (233), with Figure 6c depicting strong correlations between 

colour intensity and β-carotene content (τ = 0.600, P ≤ 0.001). However, weak correlations 

between colour and lycopene were observed (Figure 6d; τ = 0.287, P ≤ 0.01). The significant 

correlation between colour intensity and TPC, TFC, DPPH, CUPRAC, and FRAP (Figure 6; 

all P ≤ 0.001) indicates increases in honey colour relates to increases in antioxidant scavenging 

capacity, which is supported by the inverse correlation between L* values and all bioactive and 

antioxidant characteristics (P ≤ 0.01). Previously, pale-coloured honeys were reported to have 

a lower antioxidant activity than darker variations (34, 241).  

The relationship between colour intensity, bioactive content, and antioxidant 

characteristics suggests that the darker the honey, the greater its antioxidant potential. 

Consumers consider the health benefits and nutritive value of honey when selecting honey 

products (256), including Australian consumers (20). Therefore, based on our findings and 

consumer values, there is potential for the utilisation of the relationship between colour 

intensity and the antioxidant characteristics to increase marketability of honey products. 

However, in this case, it should be considered that the completion of commercial treatments 

may also result in the darkening of honeys (254).  
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Antibacterial activity 

The antibacterial activity of the samples was determined through the MIC50 method, where the 

concentration of honey (% dilution; w/v) required to inhibit 50% of bacterial growth was 

determined for S. aureus and Ps. aeruginosa. All samples were effective as an inhibitory agent 

against S. aureus (Table 7; Table S5; Figure 7; complete figure in Supplementary Figure S1). 

The most effective MIC50 concentration was 0.078% (Honey Q; Figure 7a), with the weakest 

for this species being 5.82% (Honey L; Figure 7b). Inhibitory activity of honey against this 

bacterial species is consistently supported by similar research (245, 257). Bucekova et al. (258) 

demonstrated the MIC of commercially available honey samples purchased in Slovakia against 

S. aureus. While their data cannot be compared to the MIC50 values of the Australian samples, 

they concluded that the antibacterial activity of commercial honey is not uniform (258), which 

is reflected by the MIC50 values presented in this study.  
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Figure 7. The MIC50 (%, w/v) of a selection of commercially available Australian honeys 

against S. aureus; (a) represents the four lowest honey concentrations recorded of the studied 

samples, (b) represents the four highest honey concentrations recorded.   
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All honeys effectively inhibited Ps. aeruginosa growth at 50% (w/v) concentrations. 

However, only 9 honeys (21%) inhibited any growth at 25% (w/v) concentrations (honeys 

identified in Table 7; Table S5), with no further dilutions observed to inhibit growth. 

Interestingly, these were not the same honeys to demonstrate the lowest MIC50 values for the 

inhibition of S. aureus, indicating differences in honey effectiveness based on bacterial species. 

Therefore, MIC50 values could not be determined, with the analysed commercial samples not 

being an effective antibacterial agent against Ps. aeruginosa. It was previously determined that 

Ps. aeruginosa demonstrates antibiotic resistance to honey at weaker concentrations (257), 

which could be attributed to its gram-negative structure (259).  

Mechanisms for honey’s antibacterial activity 

Physicochemical properties 

The pH of honey is typically accepted as between 3.2 - 4.5 (7), contributing to antimicrobial 

activity by creating an undesirable pathogenic environment (260). Results indicated (Table 7; 

Table S5) the lowest pH from these samples was 3.74 (0.020) (honey AF), with the highest 

being 4.64 (0.160) (honey A). The pH was found to be positively associated with TPC and 

CUPRAC (P ≤ 0.05), suggesting that honey’s bioactive composition is responsible for its 

acidity levels, and therefore the pH contribution to antibacterial activity.  

The TSS of honey often indicates the sugar compounds present, which contributes to low 

moisture content and osmotic stress for select microorganisms (41). Of the assessed honeys 

(Table 7; Table S5), honey H (60.2 ± 0.001 °Brix) reported the greatest TSS content, while 

honey AC (55.3 ± 0.115 °Brix) reported the least. Our values are lower than previous findings, 

where soluble solid levels ranged from 76.3 to 85.3 °Brix (261). Differences in soluble solid 

content could be ascribed to different analysis techniques, or as a consequence of commercial 

treatments applied to our samples (262).  
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There is a large variation observed for the honey’s viscosity (Table 7; Table S5), with a 

range of 11.0 (0.275) Pa s (honey P) to 158 (1.32) Pa s (honey O), in addition to a range of 

rotation speeds (5 rpm, 10 rpm and 20 rpm) required due to the varied consistency. It is 

established that factors influencing honey’s viscosity are its high sugar concentration and low 

moisture content (226, 263). Interestingly, no associations (P ≥ 0.05) were observed between 

sample viscosity and TSS, representative of the sugar content, or aw, which indicates honey’s 

moisture.  

The aw of honey is affected by factors such as sugar composition, degree of crystallisation, 

and water-sugar interactions, and typically measures below 0.60, preventing microorganism 

growth (264). The analysed honeys reported a lower aw, ranging from 0.454 (honey AO) to 

0.583 (honey A) (Table 7; Table S5). The sample aw was associated with the TSS 

(τ = 0.237; P ≤ 0.05) (Table 8), however this was not anticipated due to the influence of sugar 

content on the water activity (261). The aw was also associated with the MIC50 for S. aureus 

(τ = 0.222; P ≤ 0.05) (Table 8). Interestingly, other assessed physicochemical properties did 

not correlate with MIC50 (P ≥ 0.05) despite reports of these properties contributing to honey’s 

antibacterial activity (3, 41).  
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Relationships between antibacterial activity and antioxidant characteristics 

The MIC50 values of the assessed honeys against S. aureus also correlated with FRAP 

(τ = 0.220; P ≤ 0.05) (Table 8), indicating the contribution of honey’s antioxidant compounds 

to its antibacterial activity. This is further supported by Leyva-Jimenez et al. (265), where the 

extracted phenolic content of honey had similar antibacterial potency as whole honey samples 

for a range of bacterial species (265). Despite no correlation being found between MIC50 and 

TPC, when the phenolic content is controlled for, the MIC50 of the samples is no longer 

associated with FRAP (P = 0.198). This change in significance highlights the contribution of 

the phenolic content to honey’s antibacterial activity.  

Characteristics of honey categories 

Manuka samples (Category 1) reported among the largest means for each antioxidant assay, 

indicating samples in this category had the highest antioxidant capacity. Specifically, honeys 

Y and Z frequently reported among the highest for each bioactive (TPC, TFC, β-carotene, 

lycopene) and antioxidant (DPPH, CUPRAC, FRAP) (Table 7) method. In contrast, Generic 

Brand (Category 3) and Australian Floral honeys (Category 4) reported the lowest values for 

nearly all parameters. It was anticipated that Manuka honeys would possess the greatest 

antibacterial activity, based on previous effectiveness compared with other honey types, 

particularly for S. aureus (266). However, in our study, a Pure (Category 6) and Regional 

(Category 5) honey (Table 7) reported the highest antibacterial ability. For the physicochemical 

properties, no categories consistently reported the highest or lowest values, indicating that 

honey type does not influence these factors.  
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The difference between each category was determined for each of the assays using One-

Way ANOVA or Kruskal-Wallis, depending on the normality, with differences observed only 

between Manuka honeys and some other categories. These were observed for FRAP between 

Manuka and Generic Branded (P = 0.001), Australian Floral (P = 0.001), Regional (P = 0.009) 

and Pure (P = 0.02) honeys. Similarly, TFC was significantly higher in Manuka honey than 

Generic Branded (P = 0.001), Australian Floral (P = 0.001), and Pure (P = 0.002) honeys, and 

Manuka honey had a greater colour intensity than Australian Floral honeys (P = 0.003).  

Many studies that determine the antioxidant and antibacterial properties of honey report 

distinct floral and geographic origins of their samples. These studies have reported the 

antioxidant characteristics, specifically the phenolic composition, is due to these factors (267, 

268). However, this information is not available for commercial samples unless provided by 

the manufacturer on the packaging. Despite this, the honeys investigated in this study are 

representative of what is available to consumers on the Australian commercial market.  

Future directions and limitations 

To our knowledge, this is the first study examining the bioactive, antioxidant, antibacterial, and 

physicochemical properties of commercially available Australian honeys. Although consumer 

behaviour towards Australian honeys, including commercial honeys, has been identified (20), 

there has been no analysis determining which sensory values drive likeability and purchasing 

behaviour. Based on the observed antioxidant characteristics of the honeys, there is potential 

for further investigation into antioxidant-related health benefits of commercial Australian 

honey, including determining if these samples are efficient at reducing plasma antioxidant 

content in vivo. Additionally, given the observed association between the antioxidant 

characteristic FRAP and antibacterial activity, the synergistic anti-inflammatory potential 

should be investigated (114).   
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The findings of this investigation are limited by the techniques used, with 

spectrophotometric analysis used for the quantification of bioactive and antioxidant 

compounds. The technique measures the refractive light absorption of solid compounds, and 

often detects different compounds at the same wavelength, resulting in an overestimation of 

content (232). Further, an analysis of the polyphenolic profile of the samples was not 

completed, which could improve this research by allowing for the identification of compounds 

that most contribute to the sample’s antioxidant characteristics. Finally, it has been reported 

that a considerable contributing variable to honey’s antibacterial ability is the presence of 

hydrogen peroxide (43), however, this was not assessed, with its contribution to the MIC50 of 

the samples unknown.  

5.2.5. Conclusions 

In conclusion, the colour intensity of the honeys is related to a variety of bioactive properties 

and antioxidant characteristics. Additionally, the antibacterial activity was associated with the 

honey’s water activity, and the antioxidant characteristic FRAP. The phenolic content of the 

samples contributed to both antioxidant and antibacterial properties of the honeys, as 

demonstrated by changes in significance when controlling for this variable. From all honeys 

tested in this study, Manuka honeys consistently reported higher results for some of the 

included assays, with a variety of generic branded and specific floral honeys reporting the 

lowest values. These findings can potentially inform honey producers and consumers on future 

directions of honey marketability through highlighting the potential antioxidant and 

antibacterial-related health benefits.  
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6.1. Chapter 6: Summary 

The work presented in this chapter (Chapter 6) was completed as original research and is 

published in Journal of Complementary and Integrative Medicine. Several properties of honey, 

when diluted in water, were determined in Chapter 5 including some of honey’s antioxidant 

characteristics and physicochemical properties. This chapter completes a similar analysis, 

however with the honeys diluted in both centrifuged salivary supernatant (containing salivary 

biological molecules), and whole saliva (containing larger precipitable molecules). This study 

is designed to provide insight into the potential interactions between honey and saliva, should 

honey be used in the treatment of OM. The findings of this study indicate that both the 

biological salivary molecules within the salivary supernatant, and the precipitable molecules 

such as cellular and food debris, could play a role in supporting the wound-healing abilities of 

honey.  

This chapter addresses Thesis Objective 5: 

Evaluate if the addition of saliva alters some of the properties attributed to honey’s 

wound-healing abilities.  
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Chapter 6 Aim and Objectives 

Chapter 6 Aim:  

Identify some of the factors contributing to the in vitro wound-healing properties, 

including the antioxidant characteristics and pH, of a range of commercially available 

Australian honeys diluted in saliva.  

Chapter 6 Objectives:  

• Potentially mimic the conditions of the oral cavity, potentially providing an indication 

of saliva’s role when honey is used as a treatment for OM 

• Determine if these properties are analogous to those displayed when honey is diluted in 

water 
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6.2. Published Manuscript 

6.2.1. Abstract 

Oral mucositis is a debilitating oncology treatment side effect, with honey identified as a viable 

management option due to established wound-healing abilities. However, effects of saliva on 

properties attributed to honey’s wound-healing abilities is unknown. Therefore, this study 

aimed to identify interactions between saliva, and antioxidant characteristics and pH of honey. 

Saliva was collected from 15 healthy participants (Females n = 9; mean age = 34.1 ± 11.2 

years). Centrifuged salivary supernatant, whole saliva, and water were independently used to 

dilute commercial Australian honeys (n = 42). Antioxidant characteristics (DPPH and FRAP) 

and pH of diluted honeys were analysed, and differences between dilution conditions were 

determined. Honey and saliva dilutions increased antioxidant characteristics compared to 

water, and addition of honey to saliva reduced pH compared with saliva alone. There were 

significant differences between dilutions for FRAP and pH, and water and salivary conditions 

for DPPH (P < 0.001). No difference was observed between salivary conditions for DPPH 

(P = 0.931), suggesting smaller cells remaining in the supernatant possess antioxidant abilities. 

However, differences observed for FRAP suggest precipitable molecules, including epithelial 

and food debris, could provide additional antioxidant power. The addition of saliva to honey 

may support properties attributed to honey’s wound-healing abilities and should be considered 

in the context of oral mucositis management.  
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6.2.2. Introduction 

Oral mucositis (OM) is a side effect associated with the commonly utilised cancer therapies of 

chemotherapy (CT) and radiotherapy (RT) (55). The appearance of OM is associated with 

oncological treatment interruptions (62), unscheduled hospitalisation (63), and a decrease in 

patient quality of life (65). These treatments are designed to target rapidly dividing cells in an 

effort to target and destroy cancer cells. However, these treatments do not discriminate against 

healthy cells of a similar life cycle, including the epithelial cells of the oral mucosa (269). This 

can result in OM, which has been described as progressing in five stages (53). The action of 

oncology treatments at this site initiates a damaging pro-inflammatory response that signals for 

the cells to enter the apoptotic pathway (55). This process results in an increase in inflammation 

and cell death, which leads to the colonisation of pathogenic bacteria and the development of 

ulcerations (55). The final stage of OM is healing, with the condition generally subsiding on 

its own (55), however it is possible to reduce the severity and burden of the condition through 

management strategies and treatments (270).  

Despite the burden of OM on patients, there is currently no established ‘gold-standard’ 

preventative agent or treatment (112). There has been research into the effectiveness of a 

variety of possible interventions, including the use of anti-inflammatory oral rinses (271) and 

growth factors (272), with limited evidence of support. Some of the current management 

strategies in clinical practice include the maintenance of basic oral care, in addition to the use 

of sterilising solutions (270). There is also emerging research supporting the effectiveness of 

honey for OM management (72-81, 270). It has been identified that when the oral cavity of 

patients who receive the causative oncological treatments and are at risk of developing OM are 

lined with undiluted honey, OM outcomes were improved. For example, these studies 

demonstrated a reduction in the severity of OM compared to controls (72-81), a delay in the 
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onset of the condition when used from oncology treatment initiation (72, 75, 76, 78-81), 

maintenance of patient weight (73, 79, 80), and an improvement in patient quality of life (74).  

While honey is predominantly composed of sugar, it contains over 200 compounds, 

which give the substance a unique ability to provide multiple health benefits. These compounds 

include a variety of vitamins, minerals, enzymes, organic acids, and bioactive compounds such 

as phenolic acids and flavonoids (7). Honey has been demonstrated to exhibit antioxidant 

activity, including through reducing free radical production in vitro (42), and increasing post-

consumption plasma antioxidant levels (38). The antioxidant activity of honey also supports 

protein kinase activation and the proliferation and migration of fibroblasts, and reduces 

oxidative damage during wound-healing processes (47). These antioxidant characteristics have 

been attributed to several of honey’s compounds, including the bioactive compounds, 

particularly polyphenols, which contributes up to 85% of the honey’s antioxidant ability (34). 

Honey also demonstrates well-established antimicrobial effects (273), which contribute to 

honey’s wound-healing abilities through the inhibition of bacterial infections (47). The pH of 

honey (typically between 3.2-4.5) (7) represents a physicochemical property that is associated 

with honey’s antibacterial abilities, with a low pH being preferential for antibacterial activity 

(41). Similarly, a high osmolarity caused by a low moisture content and high concentration of 

sugars provides an undesirable environment for microbial growth (41). Several of honey’s 

compounds, including hydrogen peroxide resulting from honey’s dilution (43), and bioactive 

compounds, notably polyphenols (265), have also been demonstrated to contribute to honey’s 

antimicrobial activity. These properties are proposed to form a synergistic and comprehensive 

wound-healing process that includes an anti-inflammatory effect (49), pain reduction by 

blocking wound exposure to oxygen (71), and tissue epithelialisation (4).  
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Research investigating the properties attributed to honey’s in vitro wound-healing 

abilities, such as its potential antioxidant properties, has been completed when the honeys were 

diluted in water (222, 240, 274). However, for honeys that have an intended use as a potential 

treatment for an oral health condition, such as OM, it is unknown if the addition of saliva to 

the honeys causes a change in these properties. On average, humans produce approximately 

0.5-1.0 litres of saliva per day, with its composition consisting predominantly of water 

(94- 99%) (275). Saliva also contains a range of organic and inorganic constituents, including 

a variety of enzymes such as amylase, desquamated epithelial cells, microbes, and food debris 

(275). The role of saliva includes providing a protective environment for the mouth, and 

participating in the initial phases of digestion (275). The normal pH of saliva is reported to be 

around 6.2-7.6 (276), and allows for saliva’s buffering capacity, and is influenced by factors 

such as dietary intake and salivary flow rate (277). Additionally, similar to honey, it has been 

identified that saliva displays antioxidant (278) and antibacterial (279) activity, and has been 

demonstrated to possess wound-healing abilities (280). Therefore, the aim of this exploratory 

study was to identify some of the factors contributing to the in vitro wound-healing properties, 

including the antioxidant characteristics and pH, of a range of commercially available 

Australian honeys diluted in saliva. This will potentially mimic the conditions of the oral 

cavity, which may provide an indication of saliva’s role when honey is used as a treatment for 

OM. Further, we aimed to identify if these properties were analogous to those displayed when 

honey is diluted in water.  
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6.2.3. Methods 

Chemicals 

All chemicals used in this study; Ethanol, Methanol, (±)-6- hydroxy-2,5,7,8-

tetramethylchromane-2-carboxylic acid (Trolox), 2,2-diphenyl-1-picrylhydrazyl (DPPH), 

2,4,6-Tripyridyl-s-triazine (TPTZ), Ferric Chloride, Hydrochloric Acid and Sodium Acetate 

Trihydrate; were purchased from Sigma Aldrich (Castle Hill, Sydney, Australia). Deionised 

water was prepared using the Millipore water purification system, with a resistivity higher than 

18MΩcm-1 (Millipore Australia, North Ryde, Australia).  

Saliva sample collection 

This study was approved by the University of Canberra Human Research Ethics Committee 

(UCHREC:20180293), and informed written consent was obtained from all participants. A 

total of 15 healthy participants (6 males and 9 females) were recruited until the target saliva 

volume was achieved, with ages ranging from 22-54 years (mean 34.1 ± 11.2 years). Based on 

calculations that 1100mL of saliva was required to complete the included assays, participants 

were asked to provide 10mL of saliva per session, with a total of approximately 70mL per 

participant. Saliva was collected in sterilised specimen collection containers using the passive 

drool saliva collection method (281). All samples were collected in a fasted state upon waking 

and participants were instructed to refrain from water consumption within 10 minutes of 

collection, ensuring the sample was not diluted. Following collection, participants were 

instructed to immediately place the collection containers into a -18°C freezer. Participants were 

asked to refrain from saliva collection if they presented any illnesses that affected the presence 

of inflammatory markers in the oral cavity or saliva, or if they had presented these symptoms 

within seven days of anticipated saliva collection.  
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Saliva sample preparation 

All individual frozen saliva samples were thawed for 48 hours at 5°C, vortexed to ensure equal 

distribution of cells throughout the suspension, and then pooled into a single sample. Following 

this, only half of the pooled sample was centrifuged (30 minutes; 2318 RPM) to remove any 

epithelial cells and to isolate the cell-free salivary supernatant (282). The two saliva samples 

were then refrozen until use, where they were again thawed for 48 hours at 5°C.  

Honey samples 

In total, 42 commercially available honey samples were purchased from local supermarkets 

(Aldi®, Coles®, Independent Grocers Australia®, Woolworths®) across the Australian 

Capital Territory (ACT) in 2017 and 2018 based on their availability at the time of purchase. 

All honey samples were stored in darkness at room temperature (26 ± 3°C) immediately after 

purchase, according to recommended guidelines (214). Honey samples were sorted 

alphabetically and were then assigned an identification letter ranging from A to AP. Due to the 

honey samples being purchased from supermarkets and not their original producers, 

information regarding the honey’s floral origins is unknown. Each honey sample was diluted 

with either deionised (DI) water, centrifuged salivary supernatant (CS), or whole saliva (WS), 

with all diluents used for each included assay. The concentration of honey used for each assay 

was determined through preliminary analysis of the utilised assays and remained constant for 

each assay regardless of the diluent used. Once diluted, the samples were sonicated (FXP4, 

Ultrasonics Australia, Brookvale, NSW) for 5 minutes to produce a clear, sediment-free 

solution (214). To prevent the potential temperature-related degradation of compounds, care 

was taken to ensure honey samples did not exceed a temperature of >50°C (214).  
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Antioxidant characteristics of honey 

2,2-diphenyl-1-picrylhydrazyl (DPPH) assay 

The DPPH assay was used to determine the antioxidant radical scavenging capacity of the 

honey samples (219). Following dilution with DI water, CS and WS (analysis of undiluted 

honey not possible due to equipment and experimental specifications), the absorbance was 

measured in triplicate at 515 nm (Multiskan Go, Thermo Scientific, USA). Results were 

reported as millimoles of Trolox equivalents per gram of honey (mmol TE/g) and were 

calculated using the following equation (note: MTrolox = 250.29 g/mol) (219):  

𝑇𝑟𝑜𝑙𝑜𝑥 𝑒𝑞𝑢𝑖𝑣𝑎𝑙𝑒𝑛𝑡 = ((𝐼𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛(%) − (𝑖𝑛𝑡𝑒𝑟𝑐𝑒𝑝𝑡)/𝑠𝑙𝑜𝑝𝑒)/𝑀𝑇𝑟𝑜𝑙𝑜𝑥) ∗ −1 

Subsequently, the percentage of inhibition of the honey samples was determined according 

to the following equation:  

𝐷𝑃𝑃𝐻 𝐼𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛(%) = (1 − (𝑠𝑎𝑚𝑝𝑙𝑒 𝐴𝑏𝑠/𝑟𝑒𝑎𝑔𝑒𝑛𝑡 𝑏𝑙𝑎𝑛𝑘)) ∗ 100 

Ferric reducing antioxidant power (FRAP) assay 

The ferric reducing antioxidant power (FRAP) assay was completed according to Thaipong et 

al. (219). The absorbance was measured in triplicate at 593 nm (Multiskan Go, Thermo 

Scientific, USA) for all honeys diluted in DI water, CS and WS (analysis of undiluted honey 

not possible due to equipment and experimental specifications). Results were expressed as 

millimoles of Trolox equivalents per gram of honey (mmol TE/g).  
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Honey pH 

For the determination of the pH, modified 50% (w/v) concentrations of each honey were 

prepared with DI water, CS and WS to replicate the oral consumption of honey. The pH of the 

samples diluted in the three dilution conditions, and the undiluted honey was measured at room 

temperature (23.4 ± 1.65°C) in triplicate immediately following individual dilutions using a 

pH meter (Mettler Toledo, Port Melbourne, Australia) (224).  

Statistical analysis 

Statistical analysis was completed using IBM SPSS Statistics version 25 (Armonk, NY: IBM 

Corp). The normality of all variables was assessed before analysis to determine the suitability 

for parametric or non-parametric methods using the Shapiro-Wilk test for normality. The 

normally distributed variables were presented as mean ± standard deviation, and the variables 

that were not normally distributed were reported as median (interquartile range). At least one 

variable for each assay was determined to be not normally distributed. Consequently, the 

Friedman Two-Way ANOVA with adjusted Wilcoxon Signed Rank Test as post-hoc was 

utilised to identify the differences between each of the dilution conditions for each of the 

assays. Differences were considered significant at a level of P < 0.05.  
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6.2.4. Results 

Honey antioxidant characteristics 

The antiradical scavenging capacity of the honey samples when diluted in the three diluent 

conditions was assessed through the DPPH method. As shown in Table 9 (complete data 

presented in Supplementary Table S6) and Figure 8a, the scavenging capacity of the honeys 

that were diluted in DI water ranged from 0.207 ± 0.045 mmol TE; 20.5 ± 4.32% (honey AE) 

to 0.713 ± 0.041 mmol TE; 69.0 ± 3.97% (honey Y). The samples diluted in both the CS and 

the WS reported similar ranges, however increased following dilution with these salivary 

conditions. For the samples diluted in the CS, the antiradical scavenging ranged from 

0.095 (0.045) mmol TE; 9.21 (3.98)% (honey AE) to 0.753 (0.025) mmol TE; 68.0 (2.24)% 

(honey Y), and 0.182 ± 0.033 mmol TE; 16.7 ± 2.93% (honey AE) to 0.735 ± 0.095 mmol TE; 

65.7 ± 8.51% (honey Y) in the samples diluted in the WS. The same samples were among the 

highest and lowest antiradical scavenging capacity.  

The reducing power of the honey samples was assessed using FRAP for each of the 

three dilution conditions, with the lowest values reported for the honeys diluted in DI water. 

As demonstrated in Table 9 (complete data presented in Supplementary Table S6) and 

Figure 8b, these values range from 0.670 ± 0.390 mmol TE (honey J) to 3.76 ± 0.158 mmol 

TE (honey Y). Comparatively, the honeys diluted in the CS, ranging from 3.24 (0.235) mmol 

TE (honey J) to 5.13 (0.101) mmol TE (honey Y), recorded an increased reducing power than 

the DI water. The honeys diluted in the WS reported the highest overall FRAP values of the 

three diluents, ranging from 3.76 (0.728) mmol TE (honey J) to 5.53 (0.612) mmol TE (honey 

Y).   
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Table 9. Summary of the antioxidant characteristics for a range of commercially available 

Australian honeys diluted in water, centrifuged salivary supernatant, and whole saliva from 

healthy participants.  

Antioxidant 

Characteristic 

 

Honey + Water 

(mmol TE; 

%Inhibition) 

Honey + Salivary 

Supernatant (mmol 

TE; %Inhibition)* 

Honey + Whole 

Saliva (mmol TE; 

%Inhibition) 

DPPH 

Range 

0.207 - 0.713; 

20.5 - 69.0 

0.095 - 0.753; 

9.21 - 68.0 

0.182 - 0.735; 

16.7 - 65.7 

Mean ± SD/  

Median (IQR) 

0.441 ± 0.096; 

42.9 ± 9.21 

0.490 (0.062); 

44.5 (5.55) 

0.491 ± 0.116; 

44.0 ± 10.3 

Antioxidant 

Characteristic 

 

Honey + Water 

(mmol TE) 

Honey + Salivary 

Supernatant (mmol 

TE)* 

Honey + Whole 

Saliva (mmol TE)* 

FRAP 

Range 0.670 - 3.76 3.24 - 5.13 3.76 - 5.53 

Mean ± SD/  

Median (IQR) 

1.91 ± 0.626 4.09 (0.520) 34 (0.461) 

Note: All methods completed in triplicate for each sample (honeys n = 42). Normally 

distributed variables are presented as mean ± standard deviation (SD), and not normally 

distributed variables are reported as median (interquartile range (IQR)) and are identified 

by ‘*’. 
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Figure 8. The (a) DPPH (mM TE), (b) FRAP (mM TE), and (c) pH of a range of commercially 

available Australian honeys diluted in water, centrifuged salivary supernatant, and whole saliva 

from healthy participants.  

  

8 CJ 

6 

2 

0 

• Honey+ 
Water 

Honey+ 
• Salivary 

Supernatant 

Honey+ 
• Whole 

Saliva 



The Use of Commercially Available Honeys as a Potential Treatment for Oral Mucositis in Oncology Patients 

188 

Honey pH 

As described in the literature, a honey’s low pH has been associated with honey’s wound-

healing abilities through contributing to the inhibition of bacterial infections at wound sites 

(41, 47). Therefore, identifying the interactions between saliva and the pH of the included 

honeys provides an indication of the pH if applied to the mouth in the management of OM. 

Initially, the pH of the three diluents was collected (Table 10; complete data presented in 

Supplementary Table S7; Figure 8c), with the lowest pH being recorded for DI water, with CS 

and WS following. The pH of the diluted samples followed the same trend, with the pH of these 

samples influenced by their diluent, and the pH of the undiluted honeys reporting the lowest 

pH (range: 3.74 (0.020); honey AF – 4.64 (0.160); honey A). Of the diluted samples, those in 

DI water reported the lowest pH (range: 4.08 (0.040); honey AP - 5.06 (0.050); honey AI), 

followed by the samples diluted in the CS (range: 5.50 ± 0.060; honey O – 7.02 ± 0.021; 

honey AI). The honeys diluted in the WS reported the highest overall pH (range: 5.92 ± 0.104; 

honey O – 7.04 ± 0.017; honey AI).  
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Table 10. Summary of the pH for a range of commercially available Australian honeys diluted 

in water, centrifuged salivary supernatant, and whole saliva from healthy participants.  

pH 

 

Undiluted 

Honey* 

Honey + 

Water* 

Honey + Salivary 

Supernatant 

Honey + Whole 

Saliva 

Range 3.74 - 4.64 4.08 - 5.06 5.50 - 7.02 5.92 - 7.04 

Mean ± SD/  

Median (IQR) 

4.06 (0.223) 4.47 (0.213) 6.26 ± 0.292 6.41 ± 0.237 

Diluent pH - 6.97 (0.08) 8.16 ± 0.010 8.16 ± 0.015 

Note: Data for all dilution conditions was collected in triplicate (honeys n = 42). Normally 

distributed variables are presents as mean ± standard deviation (SD), and not normally 

distributed variables are reported as median (interquartile range (IQR)) and are identified 

by ‘*’. 
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Difference between the dilution conditions 

The completion of a Friedman Two-Way ANOVA allowed for the determination of the 

differences between the salivary conditions for the included honey properties. As demonstrated 

in Figure 9a, it was identified that there were significant differences for DPPH between the 

samples diluted in DI water with the samples diluted in both CS and WS (both P < 0.001). 

However, there was no difference between the samples diluted in the two salivary conditions 

(P = 0.931). In comparison, there were significant differences (all P < 0.001) between the three 

dilution conditions for the other analysed antioxidant characteristic, FRAP (Figure 9b).  

The determination of the pH included assessing the pH of the undiluted honey samples, 

in addition to the pH of the honeys diluted in the three dilution conditions. As shown in 

Figure 9c, it was identified that the undiluted honey samples were significantly different to 

each of the dilution conditions (all P < 0.001). Additionally, differences were reported among 

each of these dilution conditions (all P < 0.001), with the pH of the honeys increasing 

significantly from those diluted in DI water, to the CS, and finally with those diluted in WS.  
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Figure 9. The differences between the diluent conditions for (a) DPPH (mM TE), (b), FRAP (mM TE), and (c) pH for a range of commercially 

available Australian honeys. Significant differences are indicated by ‘*’; statistical significance is reported as P < 0.001.  
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6.2.5. Discussion 

To the best of our knowledge, this is the first paper to investigate the influence of saliva on the 

antioxidant characteristics and pH of honey, which are some of the properties attributed to 

honey’s wound-healing abilities (47). It has been reported that during centrifugation, epithelial 

and food debris, and high molecular weight protein molecules are separated, however that low 

molecular weight proteins do not precipitate during the centrifugation process (282). Due to 

this, the inclusion of both centrifuged salivary supernatant (CS) and whole saliva (WS) as 

diluents allowed for the identification of which condition of saliva potentially caused any 

differences in the honey’s antioxidant properties and pH. The results of this study demonstrate 

that the dilution of honey in CS and WS can alter these properties of honey compared with both 

undiluted honey and honey diluted in DI water. This suggests that honey and saliva are an 

acceptable combination for prospective oral wound-healing, with saliva supporting some of 

honey’s potential wound-healing properties.  

Specifically, compared to honey diluted in DI water, the assessed antioxidant 

characteristics increased when the honeys were diluted in the two salivary conditions. Previous 

research has identified that there is no difference between the total antioxidant capacity of 

saliva before and after receiving RT (283). Therefore, the demonstrated increased antioxidant 

potential when honey was diluted in the saliva of healthy participants in this study could be 

indicative of the interaction observed between honey and the saliva of patients receiving RT. 

Alternatively, the pH of the undiluted honey also increased successively when diluted in the 

DI water, CS, and WS, with honey’s antibacterial abilities partly attributed to a low pH (41). 

However, the pH of these diluents was larger than the pH of the undiluted honey, with the 

addition of honey to them being successful in lowering the pH of all dilution conditions when 

combined. This suggests that the addition of honey to the mouth, such as in the management 

of OM, could temporarily lower the pH of the oral cavity, placing the solution in a pH range 
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suitable for bacterial growth inhibition. Despite this, unlike the unchanged antioxidant capacity 

(283), the salivary pH of patients receiving RT is reduced compared to pre-RT levels (284). 

Therefore, we cannot anticipate that the results of this study are transferrable to the oncology 

population.  

Several salivary compounds have been reported to contribute to its antioxidant function, 

including a range of metabolites and enzymes, particularly uric acid, which contributes around 

70% of the salivary antioxidant ability (285). As can be seen in the lack of difference between 

the two salivary conditions for DPPH, the radical scavenging capacity of the CS was as 

effective as that of the WS. This confirms that salivary biological molecules possess their own 

unique antioxidant abilities separate from the larger, precipitable molecules such as cellular 

debris. In comparison, the significant difference between the salivary conditions observed for 

FRAP suggests that the molecules in the WS, such as the epithelial and food debris, and the 

larger protein molecules, possess additional antioxidant power to the molecules remaining in 

the CS. A limitation of this finding is caused by the spectrophotometric analysis technique used 

for the antioxidant characteristic assays. This technique measures the light absorption of solid 

compounds (232), however the WS contained additional solid particles, such as the epithelial 

and food debris, which had the potential to obstruct the spectrophotometer. If an obstruction 

did occur, this could be a potential explanation as to the difference in FRAP reducing ability 

between the two salivary conditions. However, if this is the case, this obstruction should have 

been also reflected with a significant difference in the salivary conditions for DPPH dilutions, 

where no difference was observed.  
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While the pH of the undiluted honey samples was able to be assessed, it was not 

possible to assess the antioxidant characteristics (DPPH and FRAP) of the undiluted samples. 

This was due to equipment specifications, and a comparison between the undiluted and diluted 

samples could not be determined for these properties. Additionally, while the pH of each 

diluent was recorded for the pH of honey, the antioxidant characteristics of both undiluted 

saliva conditions were not assessed as part of this study. Therefore, their scavenging abilities 

separate to being combined with honey cannot be discussed. Despite these limitations, the 

results of this study provide an insight into how saliva could interact with some of the properties 

attributed to honey’s wound-healing abilities if being used for the management of OM. The 

increase in antioxidant characteristics, and the decrease in the pH of the saliva by the addition 

of honey suggests that the application of honey to the oral cavity, in terms of some of the 

properties attributed to wound healing, is supported by saliva. This should be confirmed with 

similar research, however using saliva collected from patients receiving CT or RT, and the 

measurement of additional properties attributed to honey’s wound-healing abilities. 

Furthermore, clinical trials are required to investigate the application of honey in the treatment 

of OM in patients receiving the causative oncology treatments.  
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6.2.6. Conclusions 

The present study identified significant differences in the antioxidant characteristics and pH of 

a range of honeys when diluted in both CS and WS, compared to honey diluted in water and 

undiluted honey. Though the salivary biological molecules were shown to display antioxidant 

abilities in the CS samples, larger precipitable molecules, such as epithelial and food debris 

present in the WS samples, potentially contribute to further antioxidant reducing power, as 

demonstrated by the FRAP assay. Previous research has focused on the properties of honey 

when diluted in water. However, this research, through utilising saliva, provides further insight 

into the potential efficacy of honey as a treatment for oral health wound conditions. Some of 

the properties attributed to honey’s wound-healing abilities, including the antioxidant 

characteristics and pH, have the potential to be supported by saliva’s biological molecules, 

such as when honey is applied to the oral cavity in the management of OM.  
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Chapter 7: The effect of a range of commercially available 

Australian honey on the duration and severity of oral 

mucositis in patients with head and neck cancer: Clinical 

protocol 

The protocol contained within this chapter is not yet published and has been formatted to 

comply with the University of Canberra thesis formatting requirements, and structured 

according to the guidelines of BMC Complementary Medicine and Therapies.  

It is intended that this protocol will be submitted to BMC Complementary Medicine 

and Therapies following approval from the University of Canberra Human Research Ethics 

Committee and clinical trial registration.  
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7.1. Chapter 7: Summary 

The manuscript presented in this chapter (Chapter 7) is a clinical protocol, which describes a 

single blind pilot randomised controlled trial investigating the effectiveness of commercial 

honeys in the management of RT-induced OM in patients with HNC. The protocol was 

informed by the findings of Chapters 2-6, including the identification that honey was safe for 

use, and the quantitative profile of the properties of the assessed commercial honeys. Patients 

with newly diagnosed HNC commencing RT will be assigned to a group containing one of 

three commercially available honeys, or a control group utilising a current OM treatment. The 

effectiveness of the honeys against OM outcomes will be assessed to identify the applicability 

of commercial honeys as a treatment.  

The trial presented in this chapter addresses some of the limitations of previous similar 

investigations, through the inclusion of multiple honeys, and the informed selection of the 

included honeys based on prior analysis of some of the properties, including the antioxidant 

and antibacterial abilities. The investigation of commercially available honeys in this trial 

represents a potential OM management option that is accessible and affordable, with the 

findings of this trial, when completed, having the potential to inform future clinical guidelines.  

This chapter addresses Thesis Objective 6: 

Develop a clinical protocol for the use of commercially available Australian honeys in 

the management of oral mucositis in patients with head and neck cancer receiving 

radiotherapy.  
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Chapter 7 Aim and Objectives 

Chapter 7 Aim:  

Describe a protocol for the determination of the effect of commercially available 

Australian honey on mucositis outcomes in patients with head and neck cancer 

receiving radiotherapy.  

Chapter 7 Objectives:  

• Design a protocol to determine the effect of the honey intervention on the delay of 

mucositis, its duration, and severity compared with a saline control 

• Outline the procedure to determine if the intervention honeys have an effect on the 

secondary outcomes, including quality of life, changes in weight, dietary intake, 

interruptions to oncology treatments, and the development of additional oral health side 

effects 

• Describe the investigation of the efficacy of multiple honeys based off their potential 

wound-healing quality 
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7.2. Manuscript 

7.2.1. Abstract 

Oral mucositis is among one of the most severe oncology treatment-related toxicities, with 

patients with head and neck cancer receiving radiotherapy at a high risk of developing this side 

effect. While there is no gold-standard treatment for oral mucositis, honey has been identified 

as a viable treatment option due to its well-established wound-healing abilities. However, it is 

unknown if the parameters of the wound-healing properties of honey are important for honeys 

to be used for mucositis management. Therefore, this trial aims to determine the effect of a 

range of commercially available Australian honeys on mucositis outcomes in patients with 

head and neck cancer. This single blinded randomised controlled pilot trial will be completed 

on 76 patients with head and neck cancer who are commencing radiotherapy. Participants will 

be randomly assigned to one of three commercially available honey groups, or a saline control 

group. Honeys were selected based on a ranked order of previously determined total phenolic, 

antibacterial, and likeability data. Participants will be required to apply their allocated 

treatment product 15 minutes before and after radiotherapy, and 6 hours after, for the entire 

duration of treatment. Primary outcome measures include the severity, duration, and onset of 

mucositis symptoms, and will be assessed weekly. Secondary outcomes include identifying 

any differences in mucositis outcomes between the groups, and other outcomes associated with 

the development of oral mucositis. This trial will investigate the effectiveness of a range of 

commercially available Australian honeys in the management of radiotherapy-induced oral 

mucositis. The results of this study may contribute to available clinical recommendations for 

accessible treatment options for this treatment toxicity. 
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7.2.2. Introduction 

Oral mucositis (OM) is a toxicity resulting from the application of the cancer therapies 

radiotherapy (RT) and chemotherapy (CT) (55). These therapies are prescribed to target rapidly 

dividing cancer cells, however, as this is also a characterisation of the epithelial lining of the 

oral mucosa (269), it can result in OM. The development of OM has been described to occur 

progressively in five stages. These include initiation, which is a direct cellular pro-

inflammatory response to the oncological treatments, followed by up-regulation and signal 

amplification (53). The development of ulcerations is experienced next, with healing as the 

final stage of OM (53).  

While there is a risk to all patients receiving these cancer treatments to develop OM, 

there are several influencing risk factors, including certain tumour sites, and particular 

treatment modes. At the highest risk of developing this toxicity is patients with head and neck 

cancer (HNC) receiving RT treatment, with these patients experiencing an almost certain risk 

of developing OM (286). Globally, approximately 1.5 million new cases of HNC are diagnosed 

every year, and result in over one million deaths, representing a significant health burden (83). 

In 2020, over 5000 Australians were diagnosed with cancers of the head and neck, which 

represents around 3.5% of new diagnoses in this country (57).  

The experience of OM is met with the addition of several further consequences. Severe 

OM can lead to pain experienced by patients, which can contribute to the request for treatment 

interruptions, which can have consequences for tumour progression (62). A reduction in the 

maintenance of patient nutritional status is also reported, due to a decreased ability to consume 

a regular diet, increasing the risk of the development of malnutrition (64). The presence of OM 

is also associated with an increased risk of unscheduled hospitalisation (63), and a decrease in 

patient quality of life (QoL) (65).  
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While there are management strategies available to alleviate mucositis symptom 

severity and improve healing outcomes (270), none are described as being ‘gold-standard’ 

(112). The optimal treatment and preventative agent for OM should be comprehensive, and 

focus on the removal of pathogenic microbiota, pain reduction, and commence the wound-

healing process, with honey identified to meet all these criteria (287). The use of honey in the 

management of OM is also supported by the Multinational Association of Supportive Care in 

Cancer (288). It has been observed that when the lining of the mouths of cancer patients with 

OM were coated with undiluted honey, there was a reduction in the clinical severity of their 

mucositis (72-81). Additionally, the timing of mucositis onset was delayed in the honey 

treatment groups compared to controls (72, 75, 76, 78-81). The application of honey has also 

been demonstrated to result in the maintenance of patient weight (73, 79, 80), and improve 

patient QoL (74).  

Honey contains over 200 compounds, and the quantities and physical properties of these 

are attributed with providing honey’s unique wound-healing abilities (7). These include 

compounds that display antioxidant characteristics, particularly the bioactive compounds that 

include polyphenols and flavonoids, with approximately 85% of honey’s antioxidant activity 

attributed to this polyphenol content (34). In the context of wound healing, honey’s antioxidant 

abilities include reducing the effects of free radical production and cellular damage in vitro 

(42). Honey has also been demonstrated to produce antimicrobial effects against a range of 

pathogens (41). This is attributed to its low pH (between 3.2-4.5) (7), and a high osmolarity 

resulting from a low water and high sugar content (41). In addition, several of honey’s 

compounds, including polyphenols (265), and the hydrogen peroxide that is produced 

following the dilution of honey (43) display antibacterial abilities. These antioxidant and 

antibacterial properties of honey also contribute to its anti-inflammatory effects. As the 

presence of oxidative species has been identified to lead to the production of inflammation 
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(289), the antioxidant compounds present in honey contribute to a reduction of reactive oxygen 

species, leading to a reduction in the anti-inflammatory response (289). Additionally, honey’s 

ability to prevent bacterial growth prevents the development of bacterial infections, and 

therefore the characteristic inflammation of infections is inhibited (290). This creates a 

synergistic and comprehensive wound healing response (35), making honey a viable treatment 

option for the management of OM.  

While previous similar studies were successful in demonstrating honey’s efficacy in the 

management of OM, there are a few aspects of honey analysis that these studies did not take 

into consideration. These include not considering the antioxidant characteristics or antibacterial 

properties in the selection of the honey used in their investigation, which are both properties 

that have been attributed to honey’s wound-healing abilities. In addition to this, it has not been 

determined in the literature if commercially available honeys are an effective treatment for this 

condition in patients with HNC, with the type of honey that should be recommended to a 

clinical population remaining unclear. Seventy percent of honey retail occurs in Australian 

supermarkets (20); therefore, these honey types are a potentially accessible treatment for this 

population. Finally, the previous studies in the literature demonstrated the efficacy of a single 

honey, which limits the clinical applicability of the work, as this restricts recommendations for 

its use to one honey type. The aim of this pilot randomised controlled trial is to determine the 

effect of commercially available Australian honey on mucositis outcomes in patients with HNC 

receiving RT. Additionally, this study will investigate the efficacy of multiple honeys based on 

their potential wound-healing quality, which will strengthen current clinical outcomes and 

recommendations. 
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7.2.3. Methods and Design 

Objective 

The objective of this pilot, single blinded, randomised controlled trial is to determine if 

commercially available Australian honey can improve OM outcomes in patients with HNC 

receiving RT.  

Design and setting 

This pilot, single-blinded, randomised controlled trial is anticipated to be completed at multiple 

medical centres throughout the Australian Capital Territory (setting details to be confirmed). 

Newly diagnosed patients with HNC will be recruited by their oncologist at participating study 

centres. Participants will be recruited at the time of their diagnosis, prior to the commencement 

of RT treatment, and randomly allocated to an intervention group, or the control group. There 

will be three honey intervention groups, each utilising a different commercial honey of various 

assessed quality, and a single control group using saline, a treatment common for OM 

management. Each group will be required to utilise their honey or saline treatment for the 

duration of their RT treatment. The study plan is outlined in Figure 10. 
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Figure 10. The planned study flow for this pilot randomised controlled trial.  
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Study population 

Participants 

The participants in this study will be patients over the age of 18 who are receiving any dosage 

of RT for HNC. This includes, but is not limited to, cancers of the mouth, tongue, nose, throat, 

larynx, sinuses, salivary glands, and bone and soft tissue of the head and neck.  

Inclusion criteria 

Selection for inclusion in this study will be considered based on the following criteria: 

(1) patients over 18 years of age diagnosed with HNC of any stage and type; (2) commencing 

radiation treatment. The RT protocol participants will receive will not be controlled for and 

will not limit a participant’s involvement in this trial.  

Exclusion criteria  

The exclusion criteria for this study include: (1) prior cancer diagnosis and treatment; 

(2) administration of OM treatment prior to study enrolment; (3) pre-existing chronic diseases; 

(4) oral sores due to factors other than their oncology treatments, such as ill-fitting dentures; 

(5) oral surgery within six weeks of RT commencement; (6) known allergies to honey; 

(7) age <18; (8) neoadjuvant CT prior to RT commencement, definitive CT, or concurrent 

chemo-radiation, due to the study aiming to assess the development of OM from the onset of 

RT treatment.  

Randomisation and allocation concealment 

The four intervention groups (three honey groups and a saline control group) will be randomly 

allocated a group identification number of “I”, “II”, “III”, or “IV”. Participants who satisfy the 

eligibility criteria will then be randomly assigned to one of the four intervention groups using 

simple randomisation and a 1:1 allocation ratio. An external third party who is not associated 
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with this study will be responsible for both the allocation of the treatments to group 

identification numbers, and the randomisation of participants to these groups. They will also 

be responsible for informing the participants of their designated protocol, including providing 

instructions of how their treatments must be applied. The researchers that are responsible for 

the data collection and analysis will be blinded to all allocations.  

Participants will be invited to participate in a study assessing the effect of natural 

products in the management of RT-induced OM. They will not be blinded to what their 

treatment is due to the nature of the treatment being a known product. However, in the case of 

the honey groups, participants will receive their treatments in the form of label-free jars, so 

they will be unaware of the brand or type of honey they have been allocated. Additionally, they 

will not be informed of the study design containing multiple honey groups, or that honeys of a 

range of quality are being assessed. Due to advertising this study as an assessment of natural 

products, participants in the saline control group will not be aware that they have received the 

control treatment.  

Sample size calculation 

Based on similar research using honey in the management of OM, it has been identified that 

there is a 30% difference between the effectiveness of honey compared to the control for severe 

OM (grade 3 and 4) (59). The minimum sample size was calculated for this difference using 

G Power analysis with a 5% level of significance and statistical power of 80%, with each group 

requiring a minimum of 19 participants.  
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Intervention 

Honey 

Previous research has been completed to determine the honeys most appropriate for use in this 

intervention from a sample of commercially available honeys. These samples were purchased 

from various large commercial suppliers (Aldi®, Coles®, Independent Grocers Australia®, 

Woolworths®) across the Australian Capital Territory based on availability from 2017-2019. 

The bioactive composition, antioxidant characteristics, antibacterial abilities, and 

physicochemical properties of a range of honeys (n = 42) were assessed initially (291). This 

allowed for some of the properties attributed to honey’s wound-healing abilities to be 

determined. In addition, a sensory analysis of the honey samples that were available for 

repurchase (n = 32) including visual, olfactory, and taste characteristics, was completed (292). 

This allowed for the determination of the perceived likability of the samples according to a 

group of healthy panellists.  

The collection of this data allowed for the selection of the honeys that were most 

appropriate for use in this trial. Initially, the honeys not suitable for selection were excluded 

(Figure 11). Honeys were then sorted alphabetically, then allocated with an identification letter 

code ranging from A to AA. Secondly, following the sensory and laboratory-based analyses, 

each honey was ranked. For this ranking, one end of the scale represented the ‘highest’ of each 

honey property, and the opposite end represented the ‘lowest’, in the context of properties 

attributed to honey’s wound-healing abilities. A total of three commercial honeys were then 

systematically selected from across the ranked order, so that the higher, middle, and lower 

quality honeys were selected for use, as demonstrated in Figure 11.  
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Figure 11. Outline of the strategy used to select the honeys intended for use in this pilot, 

randomised controlled trial.  

 

As shown in Figure 11 and Table 11, the honeys selected for use in this trial are honey 

B (top rated), honey T (middle rated), and honey I (lowest rated). The factors that were 

considered in the selection of the honeys for this study were:  

1) Availability of the honey samples 

As described above, 32 of the original 42 honeys were available for repurchase for the 

completion of the sensory analysis (292), with the 10 unavailable honeys not considered for 

this trial. The current availability of the honey samples at the supermarkets at the time of the 

development of this protocol was also taken into consideration, and if they could not be 

repurchased, they were excluded at this time.  
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2) Exclusion of Manuka honey varieties 

Any remaining honeys that were of Manuka honey varieties were then excluded.  

The application of Manuka honey to damaged oral mucosa has been demonstrated to cause 

pain and discomfort for participants, with low levels of compliance reported due to a perceived 

stinging sensation, nausea, and gastrointestinal upsets following application (187, 193, 194). 

This includes compliance rates of around 50% (187, 193), and complete discontinuation of 

honey treatment (194). Therefore, it would be inappropriate to prescribe patients with HNC 

this type of honey as an intervention product.  

3) Exclusion of least liked honeys 

As previously reported by Hunter et al. (292), the sensory analysis concluded that 23 honeys 

were significantly less liked than the most liked honey. That honeys that were less liked were 

excluded at this time. While it is likely the participants of this study will experience dysgeusia 

(134), and perceive the honey differently, it was important to provide honey that has been 

shown to be acceptable by a control population.  

4) Total Phenolic Content  

The ranked order of the Total Phenolic Content (TPC) of the samples was initially taken into 

consideration (Table 11) (291). The TPC of honey provides both antioxidant and antibacterial 

properties, which both contribute to honey’s wound-healing abilities. The phenolic content of 

honey is reported to contribute up to 85% to the honey’s antioxidant content (34). Additionally, 

it has been identified that extracts of honey’s phenolic content may display similar antibacterial 

abilities to whole honey (265).  
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5) Minimal Inhibitory Concentration (50%) (MIC50) for S. aureus 

The MIC50 is a measurement of the concentration of honey that is needed to inhibit 50% of 

bacterial growth, and therefore provides a preliminary understanding of the antibacterial 

abilities of the honeys when applied to the oral cavity. Staphylococcus aureus is commonly 

present among oral flora, and patients receiving concurrent chemo-radiation experience an 

increased prevalence of the species (269). Consequently, the ranked MIC50 data (Table 11) 

(291) was considered in the selection of honey samples.  

6) Likeability 

The final property to be considered was the perceived likeability of the honey samples 

(Table 11) (292). Following Step 3 (Exclusion of least liked honeys), only the most liked 

honeys remained for honey selection. The selection of honey samples that were liked by a 

control population has the potential to encourage participant compliance and completion of the 

honey protocol, in comparison to samples that are not enjoyable to consume.  

Honey quality assurance 

There are multiple factors that influence the composition and quality of honey, particularly its 

floral and geographic origins (10-12). Commercially available honeys can be blends from 

multiple floral sources (240), and this may result in inter-batch variability of honey 

composition and quality. Consequently, only honeys from a single batch will be utilised for 

this trial, to reduce the effects that inter-batch variability may produce. Additionally, when the 

selected honeys are purchased for the trial, they will be re-tested for the selected properties 

(Table 11), to identify if they fit within the pre-determined ranked order from the preliminary 

assessments (291, 292).  
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Table 11. Properties of a selection of commercially available Australian honeys considered for 

inclusion in this pilot, randomised controlled trial.  

Honey 

ID  

TPC (mg GAE); 

Rank* (291) 

MIC50 (S. aureus); 

Rank (291) 

Likeability; Rank 

(292) 

$/100g 

A 0.444 (0.056); 15 0.206; 6 7.45 ± 2.81; 22 1.00 

Ba 0.454 (0.002); 12 1.17; 17 9.28 ± 3.96; 2 1.40 

C 0.452 (0.014); 13 0.618; 10 10.6 ± 2.84; 1 1.71 

D 0.472 (0.050); 8 0.726; 15 8.81 ± 2.92; 8 1.75 

E 0.374 (0.018); 25 0.530; 9 5.75 ± 3.71; 27 2.36 

F 0.456 (0.037); 11 1.78; 19 8.15 ± 3.60; 17 1.89 

G 0.464 (0.017); 10 0.140; 5 8.26 ± 3.20; 15 1.75 

H 0.380 (0.024); 23 0.618; 11 8.46 ± 3.10; 11 1.71 

Ic 0.375 (0.021); 24 3.12; 24 9.13 ± 3.24; 4 1.71 

J 0.584 (0.011); 2 5.82; 27 9.05 ± 3.50; 6 1.42 

K 0.406 (0.024); 21 1.10; 16 8.38 ± 3.49; 12 1.75 

L 0.468 (0.052); 9 0.709; 14 8.11 ± 3.42; 18 1.52 

M 0.444 (0.023); 16 4.76; 26 7.51 ± 3.80; 21 1.06 

N 0.387 (0.036); 22 0.078; 1 8.31 ± 3.73; 14 1.10 

O 0.450 (0.004); 14 0.122; 2 7.53 ± 3.36; 20 1.70 

P 0.604 (0.124); 1 1.67; 18 8.08 ± 3.26; 19 4.57 

Q 0.309 (0.125); 27 0.138; 4 8.48 ± 3.11; 10 1.47 

R 0.427 (0.020); 20 2.04; 21 8.70 ± 3.31; 8 1.60 

S 0.489 (0.045); 6 0.703; 13 8.22 ± 3.54; 16 2.00 

Tb 0.442 (0.013); 18 2.61; 23 9.09 ± 3.80; 5 1.50 
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U 0.442 (0.031); 17 1.93; 20 6.90 ± 3.02; 24 1.50 

V 0.495 (0.037); 4 2.43; 22 7.32 ± 3.43; 23 2.05 

W 0.483 (0.044); 7 0.691; 12 6.12 ± 4.66; 26 1.80 

X 0.441 (0.049); 19 4.75; 25 6.23 ± 3.76; 25 1.50 

Y 0.519 (0.211); 3 0.125; 3 8.35 ± 3.67; 13 1.63 

Z 0.344 (0.025); 26 0.221; 7 9.26 ± 2.84; 3 1.50 

AA 0.493 (0.063); 5 0.248; 8 8.83 ± 2.61; 7 1.50 

Note: This data has been previously reported by Hunter et al. (TPC, Supplementary Table S4; 

MIC50 (S. aureus), Supplementary Table S5) (291) and Hunter et al. (Likeability, Table 5) 

(292). Normally distributed variables are presented as mean ± standard deviation, and not 

normally distributed variables are identified by ‘*’ and are reported as median (interquartile 

range). Superscripts next to the honey identification letters represent the selected honeys: 

‘a’ = highest quality, ‘b’ = middle quality, ‘c’ = lowest quality. GAE = Gallic Acid Equivalents.  
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Control 

The control group will be provided with a 0.9% saline solution for use in the management of 

their OM (72, 75). Basic oral care has been identified as supporting the alleviation of mucositis 

symptoms, with saline recognised to contribute to this (270). While the use of saline does not 

provide a true control group for this trial, it would not be possible to not provide a treatment 

for the management of OM to a group of participants with HNC due to ethical considerations. 

Therefore, the inclusion of a study group that utilises an existing management strategy for OM 

will provide a valuable comparison.  

Study outcomes 

Primary outcome 

The primary outcome of this trial is to determine if commercially available Australian honeys 

are effective on a range of outcomes associated with OM. These include assessing the grade of 

the mucositis based on the Radiation Therapy Oncology Group (RTOG) grading scale (60), 

observing if there is a delay in the onset of mucositis, and if the regular application of honey 

causes a reduction in the severity and duration of the mucositis compared with the control 

group.  

Secondary outcomes 

Secondary outcomes include assessing if the quality of the wound-healing properties of 

commercially available honey is important for these OM outcomes. Further outcomes include 

a variety of subsequent complications associated with both oncology treatments and the 

incidence of OM. These include: determining if the application of honey to the oral cavities of 

participants results in any adverse reactions; QoL; changes in weight; dietary intake; 

interruptions to oncology treatments; and the development of additional oral health side effects, 

such as dysphagia and xerostomia.  
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Procedure 

After informed consent is obtained, participants will be provided with their blinded intervention 

products. Based on findings from previous similar literature, the participants in all 3 honey 

intervention groups will be asked to apply 20mL of their allocated honey 15 minutes before 

and after their RT treatment, and then again 6 hours after treatment or at bedtime (72-75, 77-

79, 81). The method by which each of the participants should apply the honey is by smearing 

it slowly around the inside of their mouths for a duration of 5 minutes to ensure the honey is 

adequately covering the oral mucosa, and to swallow the honey slowly, so that it comes in 

adequate contact with the pharyngeal mucosa (73, 75). The application of the honey will 

commence on day one of the RT treatment and will be continued each day of RT until the RT 

protocol is complete. Participants will also be encouraged to maintain a level of basic oral care 

throughout this intervention (270). Participants in the saline control group will be instructed to 

follow the same protocol as the honey intervention group. They will also be required to coat 

their oral cavities with 20mL of 0.9% saline 15 minutes before and after RT, and 6 hours after 

RT or at bedtime, commencing on the first day of their RT until treatment completion. 

However, rather than swallowing their treatment, they will be required to gargle the saline 

solution, and then discard. Participants will be asked to complete a diary following the 

application of their intervention products to ensure compliance and accurate timing.  

  



The Use of Commercially Available Honeys as a Potential Treatment for Oral Mucositis in Oncology Patients 

224 

Visual assessment of the OM severity is to be completed using the RTOG assessment 

scale (Table 12) (60). This will be completed by blinded assessors trained in mucositis 

assessment, who will standardise the illumination of the oral cavity using torchlight (77), and 

will occur at baseline, and at the end of each week during the course of RT treatment. This data 

will also allow for the determination of the timing of onset of the mucositis, and the duration 

of severe mucositis (Grades 3 and 4) (59).  

 

Table 12. RTOG acute radiation morbidity scoring criteria: Mucositis Assessment Scale (60).  

Grade Description 

0 None 

1 May experience mild pain not requiring analgesic 

2 Patchy mucositis that may produce an inflammatory serosanguinous 

discharge/ may experience moderate pain requiring analgesia 

3 Confluent fibrinous mucositis/ may include severe pain requiring 

narcotic 

4 Ulceration, haemorrhage, or necrosis 

 

Also to be assessed weekly is the participant’s QoL using the Oral Mucositis Weekly 

Questionnaire–Head and Neck Cancer (OMWQ-HN) and the Functional Assessment of Cancer 

Therapy–Head and Neck Cancer (FACT-HN) (293).  

Participants will be asked weekly by assessors to report if they have experienced any 

adverse reactions to their interventions, if there were any RT treatment interruptions due to 

mucositis symptoms, if they have developed any other oral health toxicities, including 

xerostomia and dysphagia, if they have used analgesics to alleviate mucositis symptoms, and 

their weight will be assessed to track changes over time.  
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Nutritional status will be determined by the Patient Generated-Subjective Global 

Assessment (PG-SGA), and the Global Leadership Initiative on Malnutrition (GLIM) criteria 

will be applied for the diagnosis of malnutrition (294) at three time points (baseline, mid-way 

through treatment, and at the end of treatment).  

Patient safety 

Of the similar studies investigating the effect of honey in the management of OM in patients 

with HNC, adverse reactions were only recorded when Manuka type honeys were used as the 

intervention (187, 193, 194). Due to this, Manuka honey varieties were excluded from 

consideration when the commercial honeys for this trial were selected. Consequently, there is 

low risk associated with participation in this research project, as it is not anticipated that any 

adverse events should occur from the application of the selected honeys in the intervention 

groups. Despite this, measures will be taken to ensure participants are protected from any 

possible breach to their safety.  

Participants will be able to withdraw from this study for any reason, including should 

they experience any adverse events from the application of their intervention, such as painful 

sensations or nausea. They will be encouraged to report any adverse events of the honey or 

control treatments immediately following the occurrence, where they will be given the option 

to withdraw. If a participant does not elect to withdraw themselves, the severity of their side 

effects will be considered by investigators to determine if they should be excluded. 

Additionally, participants may choose to withdraw from the study if they experience further 

complications from their oncology treatments. Any withdrawals for any reason will not result 

in any consequence to the participants.  
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Statistical analysis 

The results of this pilot study will allow for the determination of if any one commercially 

available honey sample is most effective as a treatment for OM, or if it can be concluded that 

multiple honeys are effective as a treatment. This would allow for the clinical recommendations 

to be conclusive or not regarding if any commercial Australian honey can be recommended to 

patients with HNC. To achieve this, any difference in mucositis outcomes, including severity, 

duration, and time to onset will be determined between the four study groups.  

It will also be identified if there are any relationships between each of the secondary 

outcomes with the primary mucositis outcomes. Any identified associations would provide 

information regarding the potential consequences the development of OM has on patients with 

HNC. The dosage of prescribed RT will also be taken into consideration when the data is 

analysed due to the oncology treatments not being regulated for the participants. All statistical 

analysis will be completed using IBM SPSS Statistics version 25 (Armonk, NY: IBM Corp).   
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7.2.4. Discussion 

From the completion of this single-blind, pilot, randomised controlled trial, we will be able to 

determine if commercially available Australian honey is effective in the management of OM 

in patients with HNC receiving RT. Moreover, we will be able to identify if the potential 

wound-healing quality of these honeys is important for mucositis outcomes. If this trial results 

in no significant difference in mucositis outcomes between honey groups, it may be concluded 

that any commercially available Australian honey could be successful in mucositis 

management. If this were the case, this would allow for an affordable and accessible treatment 

option for this clinical population, particularly due to 70% of honey retail occurring in 

supermarkets (20), with the research team recommending treatment guidelines for patients 

based on these findings. While no previous research investigating the use of honey in this 

population utilised commercially available honey, research using commercial honey in 

paediatric leukemic patients demonstrates its potential efficacy (186). Additionally, it is not 

anticipated that participants in the honey groups prescribed with a lower quality should be at a 

treatment disadvantage, as these honeys still possess the properties attributed to honey’s 

wound-healing abilities.  

It is anticipated that there will be no adverse reactions experienced by the participants 

following the application of their allocated honey treatment. In previous research of this nature, 

there have been no adverse reactions reported from the utilisation of a range of honey types 

(72-81), with the exception of studies that prescribed Manuka honey. Further, there is strong 

evidence for the ingestion of honey causing an inhibition of pathogenic bacterial growth in the 

oral cavity, including the bacteria responsible for the development of dental caries and oral 

infections, suggesting the safety of the use of honey (295). However, it should be considered 

that the application of honey in populations experiencing hyposalivation, including patients 

receiving RT for HNC, increases the risk of the development of caries due to a consequential 
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reduction in the protective function of saliva against cariogenic bacteria (77). However, this 

adverse consequence could possibly be managed with the use of adequate oral hygiene (71) 

and hydration (288) during the application of the honey.  

A control treatment will be utilised in this randomised controlled trial, and not a 

placebo. It is reported that up to 80% of patients with HNC perceive OM to be among the worst 

of the treatment side effects (61). It would therefore be unethical to withhold a management 

strategy for the control group given the nature of their clinical diagnosis, and the potential 

extremity of this toxicity. Additionally, for a placebo to be utilised, it would be required to be 

a product that shares certain physicochemical properties with honey to ensure undetectability 

by participants (79). This includes honey’s properties of osmolarity and acidity, which 

contribute to the wound-healing potential of honey (41). The use of such a placebo could have 

confounding effects for the mucositis outcomes, as demonstrated when golden syrup was used 

as a placebo in a similar study (114, 193). In order to ensure the use of control is sufficient in 

place of a placebo, adequate blinding of the study groups should occur.  

7.2.5. Conclusions 

This pilot randomised controlled trial will be the first of its kind to assess the effects of multiple 

honeys as a potential treatment for OM in patients with HNC receiving RT. It is not anticipated 

that there will be a difference in efficacy of the honey types, with the utilisation of 

commercially available Australian honeys allowing for the identification of a potentially 

accessible and affordable treatment option for this population. The completion of this trial 

therefore has the potential to allow for the determination of relevant clinical guidelines. 
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Chapter 8: Discussion 

The impact of OM for patients with HNC is well documented (61-67), however there is 

currently no widespread standard treatment available. While honey has been identified as a 

potential treatment option, there exists a lot of questions regarding the parameters of the 

wound-healing properties of the honeys used. This doctoral work aimed to investigate some of 

the properties of a range of commercially available Australian honeys within the context of 

utilising this variety of honey in the management of OM in patients with HNC. Within this 

primary aim, several main research themes emerged: (1) the use of honey in the management 

of OM; (2) the properties of commercially available Australian honeys; and (3) the potential 

use of commercially available Australian honeys for OM management. Chapters 2-6 were 

guided by these themes, and their findings allowed for the development of the clinical protocol 

described in Chapter 7. The main findings of this doctoral research are discussed in this chapter, 

leading into the future directions indicated by the results of this thesis.  
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Discussion of key findings 

The use of honey in the management of oral mucositis 

The use of honey in the management of OM in previous research was investigated in Chapters 

2-3. Chapter 2, aligning with thesis Objective 1, reviewed the treatment-related toxicities that 

contribute to the development of malnutrition in patients with HNC. It also provided an 

overview of some of the consequences that malnutrition can have should it develop in this 

population, highlighting the importance of identifying strategies to minimise the effects of the 

treatment-related toxicities. The side effect OM, reported to be experienced by up to 100% of 

patients with HNC receiving RT (56), was identified to contribute to the development of 

malnutrition due to causing a reduction in energy intake, among other factors. Chapter 2 also 

recognised a variety of strategies to alleviate the severity of these side effects, stating the 

criteria for optimal treatments included pain alleviation, antimicrobial activity, and wound-

healing abilities, with honey identified as a viable treatment option for OM.  

Following the identification that OM is a substantial contributing factor for the 

development of malnutrition, the need to explore promising treatment options such as honey 

was apparent. The systematic review presented in Chapter 3, addressing Objective 2 of this 

thesis, identified the safety and efficacy of honey for use in the treatment of oral ulcerative 

lesions. OM has the potential to develop into oral ulcerations, however, to strengthen the safety 

evaluation of honey for use in the oncology population, studies using honey for the treatment 

of additional conditions of the oral cavity were included. The determination that honey was 

effective in reducing the ulcerative condition in comparison to the control, and that no adverse 

reactions were reported, encourages the continuing investigation of honey for OM 

management. The study utilising Manuka honey (187) was the exception, with this review 

completing a novel discussion regarding the potential mechanism behind the adverse results. 
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The findings of Chapter 3 also identified that the preferred honey to be used for OM 

management is unknown, as highlighted through a lack of disclosure of the honey types utilised 

(except for Manuka honey). This limitation led to the investigation into the properties of 

commercially available honeys to commence, as a potentially viable honey variety for OM 

management.  

The properties of commercially available Australian honeys 

The properties of a range of commercially available Australian honeys were investigated in 

Chapters 4-6, addressing thesis objectives 3-5. The organoleptic analysis completed in 

Chapter 4 allowed for the identification of the honeys liked more out of the sample of 

commercial honeys included in this thesis. It should be recognised that the differences between 

the honeys less liked than the most liked honey were determined through subjective measures 

from a sample representation of the healthy Australian population and provide only an 

indication of the perceptions of the entire population. However, the inclusion of the assessment 

of sample likeability allowed for the determination of any associated properties, compositional 

or organoleptic (addressing thesis objective 3), which has not previously been investigated. As 

described, the greater number of negative associations with likeability indicate potential for 

consumer honey selection based on the properties not accepted about honeys, including the 

textural (presence of crystallisation), olfactory (strong odour intensity), and taste (lasting 

aftertaste) attributes, and physicochemical properties (including a low pH).  
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Chapter 5 described a compositional analysis of the commercial Australian honey 

samples, including the analysis of multiple compounds and properties. Due to potential 

concerns that commercial honeys can be of lower quality, we completed a quality analysis 

assessment. As the HMF content was under the internationally set limit (1), it indicated that 

the commercial honey samples investigated were not subjected to storage conditions prior to 

purchase that caused extensive damage; this allowed for the continuation of the investigation 

of these honeys without concern regarding their quality.  

The commercial samples displayed similar associations between honey colour and 

antioxidant characteristics as comparable research (34), in addition to the exploratory 

antibacterial analysis demonstrating the previously reported effectiveness of the inhibition of 

S. aureus (245). This indicated the analysed commercial samples display some of the properties 

attributed to honey’s wound-healing abilities, however their effectiveness in this context 

remains unknown.  

The differences observed between the Manuka honeys and other categories for some of 

the assays (FRAP and TFC) in Chapter 5 indicated higher antioxidant characteristics for the 

Manuka samples. However, following the previously identified adverse reactions of Manuka 

honey application in Chapter 3, it was clear that Manuka honeys should not be considered for 

utilisation in an investigation for OM management. Consequently, the compositional 

investigation of the Manuka honey samples throughout Chapters 4-6 allowed only for a 

complex and inclusive profile of the honeys available in Australian supermarkets to be 

developed.  
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In the work reported in Chapter 5, the honeys were diluted, where required, with DI 

water. In addition, to better replicate the behaviour of these properties in the mouth, as though 

the honeys were being used for OM management, Chapter 6 included an analysis of some of 

these properties (antioxidant characteristics and pH) when the honeys were diluted in saliva. 

As previously discussed, the mechanism of honey’s antibacterial abilities, which contributes to 

its wound-healing abilities, has been partially attributed to its relatively low pH (47). This was 

considered in the selection of the properties assessed in Chapter 6, based on the chapter aims 

of identifying some of the factors contributing to the potential wound-healing properties of 

honey diluted in saliva. Unexpectedly, no association was identified between the pH and MIC50 

of the assessed commercial samples (Chapter 5), posing a potential limitation for the use of pH 

in Chapter 6 as a mechanism of antibacterial activity. Despite this, the findings of this chapter 

indicated that some of the properties attributed to honey’s wound-healing abilities have the 

potential to be supported by saliva’s biological molecules.  
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The potential use of commercially available Australian honeys in the management of oral 

mucositis in patients with head and neck cancer 

The findings from Chapters 2-6 assisted in the development of a clinical protocol for the use 

of commercially available Australian honey in the management of OM in patients with HNC 

(Chapter 7). These include:  

• The identification of the impact of treatment-related side effects, including OM, on 

patients with HNC (Chapter 2) 

• The determination that honey is safe and effective for use in the treatment of a variety 

of populations, including patients with HNC, with the exception of Manuka honey 

varieties (Chapter 3) 

• Informing on the factors associated with the likeability and consumer preference of 

commercially available Australian honeys, to understand which honeys and honey 

properties are most accepted (Chapter 4) 

• The investigation of a selection of properties of commercially available Australian 

honeys, including some of the properties attributed with honey’s wound-healing 

abilities (Chapter 5) 

• The addition of saliva to the commercial honey samples, to provide an exploratory 

analysis of how some of the properties of honey may be affected by saliva if utilised in 

the management of OM (Chapter 6) 

  



Chapter 8 

237 

The single blind pilot randomised controlled trial presented in Chapter 7 has been 

designed to address the limitations of the previous similar interventions: i) unknown wound-

healing parameters of honey used for OM management, ii) a lack of comparison of prescribed 

honeys, with it undetermined if multiple honeys should be recommended to this population of 

patients with HNC, and iii) it is unidentified if commercially available honeys are effective in 

the treatment of OM. Throughout this doctoral research, and in the design of the intervention 

described in Chapter 7, care was taken to ensure these limitations were addressed by 

i) completing an analysis of some of the properties attributed to honey’s wound-healing 

abilities for the assessed honeys, ii) describing the simultaneous assessment of multiple honeys 

for OM management, to potentially further clinical recommendations toward the use of various 

honeys, and iii) completing the assessment of the properties of commercially available honeys, 

and proposing this variety for the intervention used in the described RCT.  

The previous identification that up to 70% of Australian honey retail occurs in 

supermarkets (20), which is supported by findings in the Honey-FFQ (Chapter 4), encouraged 

the investigation of a range of commercial honeys intended for use for OM management, with 

the notion that this variety of honey is more accessible than the varieties described in the 

literature. The described intervention (Chapter 7) is unique, being the first of its kind to make 

an informed selection of the honeys to be investigated for OM management, based on a 

thorough analysis of the parameters of some of the properties attributed with honey’s wound-

healing abilities. The protocol was designed with the intention that commercially available 

honey is safe and effective for use, and that there will be no difference in OM outcomes of the 

honey intervention groups. However, the accuracy of these hypotheses will only be determined 

when the RCT described in the protocol is completed.  
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Limitations 

The limitations of the individual chapters (Chapters 2-6) have already been discussed, however, 

some overarching limitations that encompass the whole doctoral research should be addressed. 

Primarily, findings of the honey assessment included in this research (Chapters 4-6) are 

encouraging for future use of the commercial honeys in the management of OM. However, 

without the completion of the RCT (Chapter 7), the efficacy of the assessed honeys can only 

be speculated, with the outcomes of the RCT remaining unknown. Further, several 

investigations in this research (Chapters 4 and 6) utilised healthy participants, however these 

findings can only be exploratory, as they do not inform on outcomes specific to patients with 

HNC receiving RT. This includes a lack of understanding of the likeability of honey in 

populations that may experience oral health side effects such as dysgeusia, and the effect of 

saliva from patients exposed to oral cavity RT on the properties of honey.  

Additional limitations of this research are associated with the honey analysis, 

particularly the use of spectrophotometric methods of compositional analysis. As described 

throughout the chapters, this method of analysis has the potential to result in an incorrect 

reading of content, due to lack of technique specificity (232). This could have occurred 

throughout Chapters 4-6, with honey frequently containing contaminants despite commercial 

filtration treatments. The lack of concurrent investigation of the properties of ‘raw’, untreated 

honeys also limits understanding of the potential wound-healing parameters of the assessed 

commercial honeys, as the effect of commercial treatments is unknown. Finally, prolonged 

storage can lead to a reduction in some of the properties of honey (296). In the context of 

utilising commercial honeys for OM management, the determination of the effects of storage 

on the honey samples would have contributed to an increased understanding of the optimal 

storage conditions of the honeys for potential participant use (Chapter 7).   
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Future directions 

The future research investigations are guided by the above limitations, with the completion of 

the RCT described in Chapter 7 allowing for the determination of the effects of commercially 

available Australian honeys on OM outcomes. This would provide the basis for the potential 

of the utilisation of this variety of honey to inform future clinical guidelines regarding OM 

management, particularly in Australia. The completion of such a trial also has the potential to 

assess the effectiveness of the commercial honeys on further treatment-related oral health side 

effects, particularly xerostomia, with prior investigations demonstrating honey’s abilities in 

alleviating symptoms in patients with HNC (297). The addition of this outcome could result in 

the thorough utilisation of honey for symptom management in this population, potentially 

further easing patient burden.  

Further analysis of some of honey’s properties should be completed, based on the 

limitations highlighted in the individual chapters. These investigations include the analysis of 

the polyphenolic profile of the honey samples, which could be determined through the 

completion of more accurate methods such as high-performance liquid chromatography 

(HPLC). The effectiveness of the commercial honey samples in the inhibition of the growth of 

further microbiota, particularly the Candida species, should be examined, as this would provide 

an insight into the abilities of honey in managing Candida infections, such as those present in 

OM ulcerations.  
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Contributions of thesis 

The findings of this doctoral research provide important preliminary information regarding the 

potential utilisation of commercially available Australian honey in the management of OM in 

patients with HNC. This variety of honey represents a potential convenient option for OM 

treatment, due to its accessibility and affordability, with future investigations designed to assess 

these outcomes. If the completion of a clinical trial informs that commercially available honeys 

are effective in the management of OM, there is the potential to repeat these investigations 

internationally. In particular, the possible utilisation of honey as a treatment could provide an 

accessible OM management option in developing nations.  

The research in this thesis is the first to complete a thorough investigation of the 

composition of some of Australia’s commercial honeys, including some of the properties 

attributed to honey’s wound-healing abilities. The identification that these honeys demonstrate 

similar properties as other varieties reported in the literature, including their antioxidant and 

antibacterial abilities, demonstrates the viability of their compounds, despite being subjected 

to commercial treatments. The potentially supporting effects identified for the addition of saliva 

to honey also further encourages the use of this honey variety in an RCT for OM management.  

The completed honey analysis in this research allowed for further outcomes related to 

the assessed commercially available honeys to be identified, separate to the utilisation of this 

honey type in the treatment of OM. There is potential for the marketability of honey to be 

guided by the identified relationships between the honey’s colour and antioxidant 

characteristics, particularly in the context of honey selection based on possible health benefits. 

Additionally, the factors identified to be associated with the likeability a range of Australian 

honeys could be utilised to inform honey producers about the preferences of the population on 

the commercial honeys available in the Australian market.   
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Conclusion 

In conclusion, OM is a significant burden to patients with HNC receiving RT, however, the 

utilisation of honey provides promise in alleviating symptom severity and duration. This 

doctoral thesis aimed to identify the properties attributed to wound-healing for a range of 

commercially available Australian honeys, in the context of RT-induced OM in patients with 

HNC. Commercial honeys demonstrate viable antioxidant and antibacterial abilities, which 

were found to be associated with their bioactive composition and physicochemical properties. 

This is comparable to ‘raw’ honey varieties described in the literature, highlighting the 

potential quality of the commercial samples. These properties are also supported by the 

addition of saliva, further encouraging the utilisation of these honeys in the context of OM 

management. Some of the factors associated with the likeability and acceptance of these honeys 

could possibly play a role in informing future honey selection, including in future OM trials. 

Future investigations of the use of these honeys in OM management will provide information 

regarding their efficacy. If they are successful in alleviating OM symptoms, these honeys could 

represent a convenient treatment option for patients, based on their accessibility and 

affordability, and potentially inform future clinical guidelines.  
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Table 14. Database of the category, chapter ID, and price of the commercially available 

Australian honeys investigated in this doctoral research.  

Honey Name Category 

 Honey 

ID 
 

Price 

($AUD/100g) 

Chapter 4 
Chapter  

5 and 6 
Chapter 7  

Essentials Pure 

Honey 

Generic 

Brand 

Honey (3) 

- A - 0.857 

Allowrie Mixed 

Blossom 

Australian 

Floral 

Honey (4) 

A B A 1.00 

Allowrie 100% 

Organic Honey 

Organic 

Honey (2) 
- C - 1.40 

Archibald's Pure 

Honey 

Pure 

Honey (6) 
B D B 1.40 

Beechworth 

Honey Black 

Box 

Australian 

Floral 

Honey (4) 

C E C 1.71 

Beechworth 

Honey Bush 

Honey 

Regional 

Honey (5) 
D F D 1.75 

Beechworth 

Honey and 

Honeycomb 

Pure 

Honey (6) 
E G E 2.36 

Beechworth 

Honey 

Macadamia 

Australian 

Floral 

Honey (4) 

F H F 1.89 

Beechworth 

Honey 

Mountain 

Honey 

Regional 

Honey (5) 
G I G 1.75 

Beechworth 

Honey Orange 

Blossom 

Australian 

Floral 

Honey (4) 

H J H 1.71 

Beechworth 

Honey Outback 

Honey 

Regional 

Honey (5) 
I K I 1.71 

Beechworth 

Pure Honey 

Pure 

Honey (6) 
J L J 1.42 

Beechworth 

Honey River 

Honey 

Regional 

Honey (5) 
K M K 1.75 

Black and Gold 

Pure Honey 

Generic 

Brand 

Honey (3) 

L N L 1.52 

Bramwells 

Manuka Honey 

M30+ 

Manuka 

Honey (1) 
M O - 2.85 
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Bramwells 

Mixed Blossom 

Australian 

Floral 

Honey (4) 

N P M 1.06 

Bramwells Pure 

Australian 

Honey 

Pure 

Honey (6) 
O Q N 1.10 

Byron Bay 

Honey 

Regional 

Honey (5) 
P R O 1.70 

Capilano Alpine 

Honey 

Regional 

Honey (5) 
- S - 1.80 

Capilano 

Beeotic 

Prebiotic Honey 

Manuka 

Honey (1) 
Q T P 4.57 

Capilano Blue 

Gum Honey 

Australian 

Floral 

Honey (4) 

- U - 1.62 

Capilano Grey 

Ironbark Honey 

Australian 

Floral 

Honey (4) 

- V - 1.61 

Capilano 

Manuka Honey 

Manuka 

Honey (1) 
R W - 2.75 

Capilano 

Manuka5+ 

Active Honey 

Manuka 

Honey (1) 
S X - 3.96 

Capilano 

Manuka10+ 

Active Honey 

Manuka 

Honey (1) 
T Y - 8.00 

Capilano 

Manuka15+ 

Active Honey 

Manuka 

Honey (1) 
- Z - 12.0 

Capilano 

Manuka30+ 

Active Honey 

Manuka 

Honey (1) 
U AA - 2.94 

Capilano Pure 

Australian 

Honey 

Pure 

Honey (6) 
V AB Q 1.47 

Capilano 

Yellow Box 

Honey 

Australian 

Floral 

Honey (4) 

W AC R 1.60 

Capilano 

Yellow Gum 

Honey 

Australian 

Floral 

Honey (4) 

- AD - 1.80 

Coles Pure 

Australian 

Honey 

Generic 

Brand 

Honey (3) 

X AE S 2.00 

Coles Finest 

Red Gum 

Honey 

Generic 

Brand 

Honey (3) 

Y AF T 1.50 

Coles Finest 

White Box 

Honey 

Generic 

Brand 

Honey (3) 

Z AG U 1.50 

Dick Smith OzE 

Honey 

Generic 

Brand 

Honey (3) 

AA AH V 2.05 
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Golden Nectar 

Organic Real 

Leatherwood 

Australian 

Floral 

Honey (4) 

AB AI W 1.80 

Harden’s Own 

Honey 

Regional 

Honey (5) 
- AJ - 1.75 

Macro Organic 

Pure Honey 

Organic 

Honey (2) 
AC AK X 1.50 

Maple Grove 

Pure Honey 

Pure 

Honey (6) 
- AL - 1.60 

Organic Pure 

Australian 

Honey 

Organic 

Honey (2) 
- AM - 1.20 

Pure Harvest 

Organic Honey 

Raw 

Organic 

Honey (2) 
AD AN Y 1.63 

Select Pure 

Blend Honey 

Generic 

Brand 

Honey (3) 

AE AO Z 1.50 

Select Yellow 

Box Honey 

Generic 

Brand 

Honey (3) 

AF AP AA 1.50 

Note: Superscripts next to the category name depict the category code used throughout the 

thesis based on the front of label packaging: (1) = Manuka (including honeys stated to contain 

Manuka) Honey; (2) = Organic Honey; (3) = Generic Brand Honey; (4) = honeys with specified 

Australian Floral origins; (5) = honeys from a specific Region of Australia; (6) = Pure 

(otherwise unspecified) Honey.  
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Abstract Malnutrition poses a s ignificant p roblem for oncology pa tien ts, resulting in fatal ities 
within this population. Patien ts w ith head and neck cancer (HNC) are a t high risk, with up to 90% 

developing ma lnutrition. Common treatments used for HNC can often lead to adverse side e ffects., 
includ ingoraJ health conditions, gastrointestinal upsets,. and several metabolic changes. Consequently, 
treatrnen ts can.cause inadequate nutritionaJ intake, resulting in a reduction ine.rergy consumption, 
and alterations in e nergy utilization, contributing to the development of malnutrition. Furtherrnore, 
the presence of these treatment toxicities, and the related malnutrition can lead to reduced q uality of 
life, weight loss., and psychological d istress. There are interventions available (nu tritiona l, medicinal, 
and physical the ra pies) that have demonstrated potentia l effectiveness in reducing the severity of 
symptomatic toxicities, reducing the risk of l'nalnutrition, and improving survivaJ outcomes of patien ts 
with HNC. Based on the findings of th is review, there is an uigent need for the implementation o r 
continuation o f multi-disciplinary strategies, as well as updated and im p roved gu idelines to assist 
in the p revention and treahl1en t of malnutrition caused by treabnent-related toxicities in patients 
with HNC. 

Keywords: head and neck cancer; malnutrition; treatm ent; tox icities 

l. lntroduction 

Cancers oi the head and neck region represen t a significant global health burden, 
with approximately 1.5 million new cases diagnosed every year, resulting -in over one mHlion 
deaths [l J. 1ne term head and neck cancer (HNC) encompasses a range of neoplasms that o riginate in 
this a natomica l region, including tumors o f the oral cavi ty, upper aerodigestive tract (induding the 
pharynx, larynx and esophageal opening), the sinuses, salivary g lands, bone and soft tissue o/ the head 
and neck [2). The incidence o f HNC is increasing in d eveloped countries, wi th risk factors incl uding 
the use of tobacco products, consumption of akohol, genetics, age, and viral in fec tions s uch as hun-1an 
papillomavirus (HP\/) [2,3]. 

Eur. J. fo{)t'gig. Hmlth Psyciid. fdl'c. 2020, 10, ~949; doi:10.339(Vejihpe10040066 w•Nw.mdpicooVjoumaVtjihpe 
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The combina tion of prescribed treatments, their associated toxicities, and the location of the turnor 
p lace patients w ith HNC at high risk of rnaln utrition The most cornmon therapies used in the treatment 
of HNC i11dude radiotherapy (RT), w hich is prescribed to target cancer cells located in this region, 
with chemotherapy (Cl) also targeting circulating cancer cells. A !though beneficia~ there are several 
negative effects associa ted with RT and CT, including multiple s ide effects and toxicities resulting 
in a range of oral heal th complicatio ns, s uch as oral m ucositis a nd xerostomia, and gastrointestinal 
problems [4J. Furthem,ore, the h igh incidence of these adverse reactions in th is popula tion have the 
potentia l to contribute to reduced nutritional intake and increase the risk of develo ping malnutrition. 
Patients with HNC may experience difficulty consuming food due to the physical presence of their 
tumo rs in addj tio n to these symptoms, placing them a t nutritio nal risk well before experiencing the 
side e ffects of act ive treatment [5). 

While HNC represents less than 5% of cancer deaths [6J, th is popula tion group is a t h ig h-risk o f 
developing malnutrition (up to 90%) during active treatment [ 7]. Malnutrition is commonly experienred 
during o ncology treahnents, and is defined as'' an acute, subacute o r chronic state of nutrition, in \•vhich 
a combination o f varying degrees of overnutrition o r undemutrition with or w ithout inflammatory 
activi ty have led to a change i11 body composition and diminished function" [8). The diagnostic 
criteria o f malnutrition incJudes the factors of; involuntary weight loss, low body mass index (BMI), 
reduced m uscle mass, reduced food intake, and disease burden and inflamrnation [9]. This population 
experiences malnutrition d ue to their tumor and/or treatments directly im pacting on the ability to 
masticate, S\ValJow, and to lerate food (10). Furthermore, health-related consequences o f rna lnutrition in 

oncology patients can have detrimental effects on their cancer treatment outcomes, including impaired 
treatment response (i.e., due to red uced absorption and utilization of the m edication) that can result 
in extended periods undergoing treatm ent [11 ). Malnu trition can a lso red uce recovery following RT 
and CT, a nd contribute to an overall reduction in physical s trength a nd quality o f life (QoL) [11 ], 
with increased levels o f mortali ty rates observed (10-20%) that are specifically related to the symptoms 
of malnutrition rather than the d iagnos is itself [7,12). 

This review aimed to identify the treatment-related causes that contribute to the development of 
malnutrition in patients with HNC Malnu trition in patients with HNC is one of the fundamental risk 
factors associated w ith a reduction in Qol,. prognosis and recovery during treatm ent. The treatment 
effects most likely to impact the development of malnutrition in patients w ith HNC are identified and 
discussed, particularly those respo ns ible for a decreased consumption o f a nutrition.a lJy appropriate 
diet ln additio n, find ings of this review highlight currently utilized interventions w hich have been 
demonstrated to reduce the severity of malnutritio n in HNC by minimizing the trea tment- related 
tox icities \vhid1 cause its development. 

2. Methods 

Throughout 2019 and 2020, a review was completed using the Google Scholar and PubMed 
electronic databases to identify relevant ar ticles. A ll a rt.ides selected for inclusion in this review were 

peer-reviewed stud ies in humans, and published in English after the year 2000 to incorporate the most 
relevant literature. Search terms were categorized based on the relevant sectio n of the review they 
were to be included in, Additionally, articles were required to use the term " head and neck cancer", 
w i th the terms " rnalnutrition" and " toxicity" in order to be included Furthermore, d ue to the vario us 

sections and many aspects o f this review, the requ irements o f the included articles were very broad. 
In add ition to discussing patients with HNC, articles were included that defined the o ncology 

treatment received, and described the treatment-related toxicities experienced in this population. 
Fwthem1ore, a rticles were included that described the e ffects of the toxicities on the develo pment of 
ma ln utrition,. and its consequent ial impacts. 
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3. Current Treatments for Head and Neck Cancer 

The treatments used for :HNC can ofte n contribute to the develop ment of rnaJnutrition in patients, 
with the exact p rescription o f treatments dependent on a variety o f factors (i.e., location, s tage, 
and severity of the tumor). Treatments can include s urgery, RT and CT used in isolation, or as 
concurrent chemo-radiotherapy (CRT) [131, with less common treabnents including immw,otherapy, 
hormonal therapy and targeted therapy [14). These treatments also have potential disadvantages 
and associated tox icities, wh.ich can contribute to the development of malnutrition in patients w ith 
HNC. It should also be highlighted that patients are at risk of the development of malnutrition- related 
symptoms prior to the commencement of their oncology treatrnent, such as a reduction in weight and 
caloric intake, due to factors including tumor size, w ith treatments having the po tential to exacerbate 
these e ffects [15J. 

3.1. S11rgery 

Surgical procedures for-patients w ith HNC are initially utilized for p rima ry tumors, and can be 
perfom1ed for preventative, c urative, palliative, and reconstructive pu.1poses, with outcomes largely 
dependent on the s tage of the twnor at the time of s urgery [1 6 J. These can a lso be invasive and may 
resuJt in changes to the functional p roperties o f affected areas, such as impacts on the cranial nerves [17], 
and changes to the soft tissue and associated s tructures [18]. Notably, reductions in sensory function 
may occur, such as reduced or altered taste and smeU experience, or reductions to mechanical function, 
such as mechanical mastication and overall facial and neck movement (17, 18). To reduce the direct risk 
of malnutrition following surgery, the implementation of Enhanced Recovery After Surgery (ERAS) 
protocols should be considered, as they have been demonstra ted to increase the time to solid food 
consumption following surgical procedures [19J. 

3.2. Radiotherapy 

One of the p rimary modes of treatment used (approximately 75% utilization) in the HNC 
population is RT [13J, and is often used in adjunct with o ther treatment forms [20]. Ad ministra tion 
of RT is s ite-specific and localized, causing direct damage to all cells (including healthy cells) in 
this a.rea. Consequently, damage to the structures involved with the consumption of food and for 
the early stages of digestion (i.e., salivary glands) are also inadvertently affected. This reduces the 
capability of adequate early d igestion processes, as well as changes in taste perception of d ifferent 
foods. In combination w ith other s ide effects such as gastro intestinal upsets and loss o f appetite, 
the e ffects of RT can also resul t in the inhibition of patients with HNC's ability and desire to consume 
food. Fortunately, the application of in tensity-modulated radiotl,erapy (IMRT) has been demonstrated 
to reduce RT-related tox icities [21 ], with this treatment being increasingly optimized [22J. 

3.3. Chemotherapy 

Com monly utilized rn combina tion with RT is CT, in particular cisplatin [23]. This treatment is 
often utilized as adjunctive therapy to ensure that all neoplastic cells are removed following surgery [24], 
or combined w ith RT in the case of n-.etastasized cancer as an efficient method o f treatJnent distribution 

to all tumor cells [24J. Use of CT can also lead to gastrointestinal upsets and loss of appetite, further 
resulting in the loss of desi re to consun-.e food, and can potentially lead to reduced efficiency in nutrient 
absorption [24j. However, the use o f CT can exacerbate the toxicities caused by RT, s uch as oral 
mucositis, when used in combination [25J. 
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4. Tre.itment•Related Toxicities 

4.1. Oral Health Problems 

The location o f the in itial tun1or can have an impact o n patients w ith HNC's ability to consume 
food. Furthermore, up to 90% of patients experience symptoms that im pact on their oral intake 
either due to the tumor location, o r their p rescribed treatments (26J. The treatments administered for 
patients w ith HNC are app lied near many v ital s tructural and functional organs respo nsible for the 
consump tio n of food. A relatively recent systematic literature review [27] has identified that these 
treatm ents cause multiple, interconnected s ide effects impacting on oral intake, further contributing 
to maJnutri tio n. ln. addition, the participants reported d-1anges in taste, and a reduction in d esire to 
cons wne food due to appeti te changes and pain sensa tio ns. Several side e ffects were also identified 
such as the development o f oral mucositis {OM), xerostorn ia, dysphagia and dysgeusia. 

4.1.1. O ral Mucositis 

Current oncology treabnents are based on destroying the rapidly div iding cancer cells; however, 
this is a lso a characteristic o f the ora l cavity epithelium cells which are consequently disrupted or 
destroyed. Therefore, these treatments of-ren result in the development of OM, negatively affecting the 
ora l cavity a nd upper digestive tract (28]. TI1e OM develops progressively, w ith early pathogenesis 
including an increased inflamma to ry response signa ling the initiation of a poptosis. Consequently, 
this furthe r leads to inflamrnation, resulting in erythema and edema of affected areas. As the cond ition 
develops, ulceration can also occur due to an increased risk o f secondary infections at the s ite [25]. 

Although some patie nts w ith H NC may o nly experience the early stages o f OM, approxim ately 
6Q<>/o of patien ts p rogress to the ulcerative s tage, experiencing severe side effects, s uch as painful 
sites and an increased risk of infection [28]. ln some severe cases, OM can lead to interruptions in 
active treatment, to allow for healing, impacting patient p rognosis [29]. Severe OM is a lso associated 
with greater weight loss, reduction of energy and nutritiona l status [25J, and w hile discomfort is 
experienced in all OM stages, the u lceration stage is most painful [30]. Additionally, OM deve lopment 
has the po tential to begin immediately following the initial adminis tra tio n of cancer treatments [29], 
with patients with HNC receiv ing RT at a definitive risk of developing symptoms [31 ]. 

The optimaJ interventions for OM are orientated tovvards reducing the pain sensation,eradicating 
any pathogenic microbio ta colo nized in the area, and commencing the woLmd hea ling p rocess, 
particularly at the site of any ulcerations (Table 1}. Currently, there is no established 'gold-standard', 
widespread treatment for OM [321 however the most cornmon and simplistic interventio n utilized is 
the main tenance of o ral hygiene [31 J, w hich should be adhered to thro ughout o ncology treatment [33]. 
While there is lim ited evidence favoring any o ne oral health product (32], there is encouraging evidence 
for the use o f sterile solutions, including saline, for oral hygiene maintenance (33). Further interventions 
also include the use o f honey, v1.:hich has been successful in reducing the severity and duration of OM 
symptoms [34]. 
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Table 1.. 11¥' available interventio r,s to improve treatnwnt toxicitit!s in patients with l~ad and neck 
cancer (l·fNC) to prevent the development of malnutritioll. 

Side Effect 

Altered dietary intake 

Oral Mucositis 

Xerostomia 

Dysphagia 

Reduced Exercise 

4.1.2. Xerostomia 

Intervention 

Nutritional therapies 

Oral hygiene 

Sterile solutions 

irad itional therapies 

Systemic and topical 
sialagogues 

C}'top rotecti\•e awnts 

Physical rehabilitation 

Resistance training 

Description 

Nutritional ooumeling 
[35) 

Oral nutritional 
supplements (ONS) [35) 

Enll'ral nutrition; 
Percutaneous or 

nasogastric tube feeding 
[36) 

Parenteral nutrition [71 

tooth brushing, flossing. 
and akohol-free 

m outhwashes (31} 

Saline and sodium 
bicarbonate [33) 

Honey [34) 

Medicatio ns that 
promote the secretion o f 

sam·a [37) 

Aim to protect healthy 
liS-$ue from oncology 

treatments (38) 

S.Na1lovdng therapies; 
motor exercises and 

sw allov-•ing maneU\•ers 
[39) 

'l'ongue strengthening 
exercises {40) 

Increase in skele tal 
muscle and lean body 

mass [41-44) 

Objective of 
lnte" •ention 

Weig ht maintenance and 
increased protein and 

energy intake. 

Administered in the 
presen<r o f an 

obstruction or severe 
toxicity, or when 

inadequate dietary 
intake is consumed (60% 
of their estima1ed energy 
expenditure}. lmprows 

nutritional intake, 
howeve~ is associated 

with hospital admissions. 

Only required when 
1-lNC patient is unable to 
meet nutritional needs 

o rally or enll'raUy. 

Ensures basic dental 
hygiene is met to reduce 
the St"'o•erity of mucositis 

symptoms. 

Maintenance of oral 
hygiene to compliment 

additional interventio ns 
to reduce mucooitis 

symptoms. 

Reduction in se,,reri ty 
and dura tion of !le'\'ere 

symptoms, we ig ht 
maintenance and weig ht 

gain. 

lmpf'O\•ements in 
sa.li...ary Row, dem>ase in 

requirement o f o ral 
comfort awnts such as 

artificial sali\•a . 

Reduction in 50% of 
clinical xerostomia cases. 

Improves swalloo,,.• 
functJOn and leads to 
imptm•ed oral intake. 

Reduces symptoms; only 
eviden~ for HNC 

.survivors. 

Jmprovement in fatigue 
and acute QoL symptom 

mana~ment. 

939 

Xerostomia is a terrn used to describe dryness of the mouth, vv· ith approximately SO% of patients 
with HNC developing the symp toms [45). Patienls can develop xerostomia due to a surgical incision of 
thefr salivary glands, leading to an alteration i11 salivary function. However, the most common cause 
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of this toxicity is the use of RT (45] due to the direct impact and damage to the salivary glands made by 
the active tre,a tment [46J., leading to a red uction in salivary p roduction as well as cracking of the lips, 
tongue, and bleeding gums (47). Xerostomia can also impact the patient's social functioning due to 
changes in speech a nd causing psychological distress (46). ll1e functional changes causing reduced 
salivary levels can also contribute to a reduction in dietary intake (48). 

While there is no cons is tent evidence available to support the use of any sing le treatment for 
xerostomia, various strategies are s uggested for the management of its symptoms (Table 1 ). There are 
a va riety o f pharmacological systemic and topical agents available for patients who experience 
xerostornia, and these fr1d ude a range of interventions tha t s ti mulate the salivary g lands to increase 
saliva production (sialagogues) (37]. Similarly, some patients with HNC are prescribed the use 
o f cytoprotective agen ts in concurrence with their RT or CT for the management or xerostomja 
symptoms (38). However, patients have reported that the most beneficial relief solution for their 
xerostomia is freque nt hydration [49). 

4.1.3. Dysphagia 

The treatments for HNC can also have negative impacts on swallowing processes, due to the 
proxim ity of the treatments to the required physiologica l structures (i.e., tongue and cranial nerves) 
resulting in dysphagia (SOJ. Dysphagia can also lead to the functional tissue becoming fibrotic, 
w hich physically inhibits the S\•vallmving process. ln addition, surgicaJ interventions can a lso lead to 
dysphagia, w itl1 its severity being dependent on multiple risk factors, incl uding the primary tumor 
size and location, degree of surgicaJ excision, and the requirement of surgical recons truction (50). 
The presence of dysphagia is directly linked to altered usual d ietary intake (51). Consequently, weight 
loss is identified as an independent predictor cornmonly associated wjth the presence of malnutrition 
in this population [48J. 

The management of the symptoms of dysphagia are focused on physical rehabi litation rather 
than the use of medicinal interventions (fable 1). ln particular, swaUowing therapies a re successful 
in improving swallow function, leading to an imp rovernent in oral intake (39]. The use of specific 
tongue strengthening exercises have also been fow1d to reduce symptoms in HNC suivivors, however 
further investigations are needed into the efficacy of these exercises in pa tients currently receiving 
treatment (40). Pa tients a lso report the requirement for texture-modified foods, in particular the 
softening of foods through the addition of sauces, to allow for the consumption of an adequate diet (52). 
In addition, it isspecu]ated that the improvement of OM symptoms couJd improve the pathogenesis of 
dysphagia, such as through the reduction oi fibrotic tissue (50). 

4.1 .4. Dysgeusia 

The admin istration o f treabnent can affect the taste receptors, with taste reportedly o ne of the 
main characteristics to be susceptible to alteration [53). For patients with HNC receiving RT; there is no 
correlation observed betvveen the dose of administered RT and taste sens..1;tion, with these changes also 
experienced prior to treatment due to loss of taste buds caused by surgery, or the tumor location (54J. 

Several changes in taste perception are reported, including the absence or incorrect perception of flavor; 
most commonly the perception of meta Uic, salty, and bitter tastes. The loss of taste associated with 
dysgeusia is a lso paired w ith a reduction in appetite and the enjoyment of food consumption (53). 
Patients have also reported altering their usual food consumption to increase food palatability, incJuding 
reducing consumption of foods \.vith adverse flavors [51]. This can lead to an overall reduction in food 
intake, leading to a higher risk of malnutrition (SSJ. 

4.2. Gastroi11tesli11a/ Upsets 

Exposure to oncologica1 treahnents can result in a variety o f gastrointestina l complications. 
These toxicities are more likely to be experienced by patients w ho are receiving CT, either in isolation 
or as CRT, in comparison to isolated RT (56), which adversely affects the tissue in the head and neck 
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region, rather than the lower diges tive tract. The sy1nptoms of nausea a nd vomiting are reported 
simultaneously, potentially becoming so severe that patients may request the temporary discontinuation 
of their active t reatments [57]. The rates oi these s ide e.ffects (nausea (75%) a nd vomiting (25%)) are 
considerably different in patients with I-INC following CRT or CT, with nausea without vomiting 
commonly observed [56]. Further symptoms of gastrointestinal upset incl ude diarrhea (3.5%) and 
constipation (1()%), w hich are more likely to be caused by CT than RT [58]. However, tl1e experience 
of constipation is more likely to occur due to the administration of anti-nausea medication than 
CT itself (59]. The a ltered lifestyle experienced during HNC treabnent may a lso contribute to the 
development of constipation, through increasing a sedenta ry Jifesty le, dehyd ration, and an altered 
dietary intake with a reduction in dietary fiber due to the changes occurring to patient's oral health (60]. 

4.3. Pai11 and Fatigue 

During HNC treatment, patients experience pain as one of the most commonly reported symptoms 
(up to 90%) experienced from the time oi diagnosis (48] due to a variety of different reasons (61 ]. 
These can includei the effects of either the primary tumor or its s ubsequent metastases, pain from 
excision surgery, or as the consequence of the tox icities induced by RT and CT treatments, with 
the potential for pain to be experienced tluoughout the duration of the patients trea tment (62]. 
Furthern1ore, this can result in a variety of negative health consequences, including problems related 
to nutritional intake, such as the ability to cons ume food and drink l50J, with an increase in pain being 
inversely related vdth the low amount of energy consumed per day [48]. However, the reduction of the 
pain caused by treatment toxicities, sud1 as red ucing the severity of mucositis through the discussed 
measures, would assist in reducing the overalJ pain experienced in this population [61 J. 

Fatigue is a commonly experienced side effect of oncology treahnents, with emerging evidence 
suggesting tha t it is prevalent in nearly all patients with HNC (60]. While fatigue can be a direct 
effect of treatment, it has also been identified in patients prior to treatment commencement (631, and is 
associated with depression symptoms [64]. Fatigue has also been demons trated to have an impact on 
the patients' social functioning, including their motivation for social interactions and personal c..·ue, 
including the desire to source and prepare nutritional mea ls, a nd their ability to earn an income [65). 
Despite the certainty of this population experiencing fatigue, it has been demonstrated that exercise, 
particularly resistance exercise, can redure the experience of iatig,,e in th.is population (41;12). 

4.4. Metabolic Alterations 

111eeffects of the tun-1or and the treatments received by patients \'\tith HNC can also cause specific 
altered metabolic responses, including an a ltered resting energy expenditure (66]. These oncology 
treatments cause systemic inflammation, and play a role in the dis ruption of the metabolis m of 
macronutrients, consequently causing changes in energy expenditure requirernents [ 67). The alterations 
in metabolism, in combination with reduced food intake causing a negative energy and protein balance, 
can lead to the development of cancer cachexia [68]. This is characteriz.ed by an ongoing Joss of skeletal 
muscle, with or without the los:s of fat mass, leading to progressive functiona1 impairment that ca1mot 
be improved by conventional nutritional support (68, 69]. A relatively recent exploratory study found 
a high prevalence of cachexia (42%) in patients w ith newly diagnosed HNC, with an additional 15% 

described as pre-cachexic [70). Further, the presence of sarcopenia, or muscle wasting, is associated 
with the development of malnutrition, as well as the progression of treatment-related toxicities [71 ]. 
Sarcopenic obesity is also associated with poorer fw1ctional status and overall survival [72). 

Patients with HNC w ho have a n increased resting e nergy expenditure may not be able to 
ach.ieve adequate nutritional intake due to o ther treatment side effects, s uch as oral health p roblems 
or gastrointestinaJ upsets. This may directly inhibit the consump tion of the amount of dietary 
intake required. and contribute to the development of malnutrition [5), however there are nutritional 
interventions avai lable to this population. The interventions most commonly utilized (Table 1) include 
oral nutritional s upplements and nutritional counseling, which when used in combination have been 
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demonstra ted to result in better weight maintenance, increased protein and energy intake, improved 
QoL, and better tolerance to a nti-cancer treatment [35]. In some cases, when patients with HNC 
are unable to consume an adequate die tary intake (60% of their estimated energy ex penditure) for 
more than ten days, induding due to an obstructio n or severe tox icity s uch as OM, enteral feeding 
is also considered [36]. The use of parente ral nutritio n is only utilized if the patient is unable to 
meet nutritional requirements o rally or ente raHy [7j. TI1e p reven tion o r managernent o f malnutrition 
through the minimizatio n of treatment-related tox icities should be addressed from the initiation of 
active treatment, to p revent the requirement o f these advanced dietary methods. 

While nutritio n interventions can assist patients in receiving the adequate nutrition they require, 
these interventions alone do not have an impact on the maintenance and development o f lean body 
mass. The decrease in lean muscle mass that can occur d ur ing trea bnent can contribute to weight 
Joss, and can be a ttributed to decreased physical function and Qol, and is associated Viiith a treatrnent 
dose-Limiting response, leading to ex tended periods of recovery (73,74]. 17, e treatment-related toxicities 
experienced in th is popula tion are considered barriers to completing physical activity (PA) (75). 
However, pa rticipation in PA programs, particula.r1y resistance training, has been demonstrated to 
improve lean m uscle mass (Table 1), including in late-stage and cachectic patien ts [4..',,44J. 

5. Conseq-uences of Malnutrition 

All of the oncology treatment side effects have the potential to con tribute to the development 
of malnutr ition in the HNC population [4]. It should be h ighlig hted that the discussed trea tment 
toxici ties are no t experienced in isolation, and they occur simultaneously w ith o thers. ln addition, 
malnutrition in patients with HNC has the potential to lead to a cyclic exacerbation of the d iscussed 
treatment toxici ties tha t play a ro le in its initial development [76]. Further, these toxicities, and the 
resulting malnu trition can cause r1.1r ther consequences, such as reduced QoL, that have the potentia l to 
negatively affect cancer prognosis. 

5.1. Qt1nlity of Life 

The treatment-related toxicities of xerostomia, dysphagia, gastrointestinal upsets, and fatigue 
have all been reported to impact QoL in patients receiving any oncology treatment [23i with OM 
identified to have a significan t impact on QoL in patients within the HNC population [77). The majority 
o f pa tien ts with HNC experience a reduction iJ-1 QoL, w ith the trea tment side effects im pacting on 
their nom1al physiological functioning, including their ability and mo tivatio n to consume food and 
drink [62]. Social functioning can also be impacted, including feelings of social isola tio n d ue to 
avoidance of social eating, fear of the requirement of tube feeding, and increasing financial d ifficulties 
and job loss [52,60). 

5.2. Hospita/izaticm and Treatment lt1terruptio11s 

The dosage and in tensity of the radiation administered , and the use o f CRT are reported to 
be associa ted w ith an increased risk of hospitalization d uring treatment, with 60% of patien ts w ith 
HNC receiving CRT, and 45% of patients receiving isola ted RT hospitalized [78]. Additio nally, the 
or-a l health-rela ted side effects can often be the reason patients are hospitalized or experience 

unplanned emergency department visits during active treatment (79]. Specifically, some of the 
more painful sideeffects of HNC and its treatments, such as OM, can lead to patien t hospitalization [62], 
with approx imately 10% of patients with HNC receiving CRT hospita lized fo r severe OM [SO). 
Patients have aJso required emergency medical attention for gastroin testinal upsets and dehydratio n, 
and have requi,ed hospitalization specifically for malnutrition-related symptoms (78,80]. Additionally, 
w lule patients w ith a percu taneous (PEG) or nasogastric (NG) tube experience a lower mean weig ht 
loss during RT, the use o f enteral nutritio n is also associated with a higher frequency of hospital 
admissions, induding nutrition-related complications [36]. 
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The administration of o ncology treatment, particula rly CRT, is a rela tively consistent treatment 
regime, which can result in an inability of hea lthy tissue to adequately recover [4SJ. As a result, 
approximately lOo/() o i patients with HNC ,-vere reported to request an intem1ption or alteration in their 
treatments to recover frorn treatment-related side effects, including reductions in the p rescribed dosage 
per treabnent (81). Nevertheless, the pain experienced during severe OM is o ne of H, e most commonly 
reported causes for patients with HNC requesting to have their treatments interrupted, wi th up to 
20% of in terruptions the res ult of this toxicity [28,45]. Furthem, ore, the presence of malnutrition can 
have cyclic consequences, and cause a decrease in treatment response [79]. Treatment interruption can 
prolong the t reatment time, and depending on factors such as tumor s tage and treatment intensity, 
may have an impact on patient survival outcomes [82). 

5.3. Psychologicn/ Distress 

Psychologica l d istress in cancer refers to the interierence of the ability to cope w ith the physical 
syll"1ptoms of cancer and its treatment, with this distress including feelings of vulnerability and sadness, 
includjng depression, anxiety, social isolation, and mood disorders [83]. Malnutrition in patients with 
HNC is Linked w ith s igns of psychological distress, and includes adjusting to p hysical changes tha t 
may impact body image, such as rapid weight loss, or the impact of changes to the socia.l meaning 
of eating [84). Compared to o tl,er cancer types, patients w ith HNC have the highest p revalence 
of psycho logical distress, w ith a associations found between nutritional s tatus, dietary intake and 
psychological status [85,86). However, addit io nal factors also contribute to psychological distress in 
this population, in particular anxiety in one-third of the popuJation, a nd depression, experienced by 
15-50% of patients [87}. Factors that are associated w itl, anxiety throug hout treatment are further 
fueled by the sensation of pain and social losses, w hile weight loss a nd speech problems are more 
commonly associated with depress ion [87]. 

6. Future Directions and Limita tions 

This revie"v draws together m.uJ tip le domains rela ted to both the significant treatment-related 
causes o f malnu trition in HNC, and the conseq uences malnutrition and these tox icities may have. 
Further research s hould focus o n the minimization of these toxicities through determining the efficacy 
of the d iscussed in terventions, such as detem1ining the o p tim al dosage of trea tments for the oral 

health compLications. Additio nally, a focus should be placed o n the early interventio n of these side 
effects during HNC treatment, to red uce the severity of these toxicities, and minimize the risk of 
malnu trition Research should also focus on ways to minimize the impact of the consequences of these 
malnutrition-rela ted toxicities. For example, a focus should be made on m in imizing the impacts of 
malnutrition-rela ted psychological distress through the exploration of social support, and methods to 
increase overall QoL in this population. Additionally, it has been dernonstrated that patient education 
regard.ing the trea tments and treatment-related toxicities that may develop is effective in informing 
and preparing patients, pa rticularly on general ora l health care measures [88). The most effective 
method of patient educatio n for the trea tment tox icities and available preventative -interventions 
should be investigated to determine the effect in reducing these toxicities, and therefore the incidence 
of malnutrition. 

The present research is a comprehensive narrative review, which is met w ith several li.Jll ita tio ns. 

Firstly,. severa l compo nents of the review were not discussed in extensive detail, w ith the pu1pose o r 
the review being to provide a b road s um mation of a variety of treatment-rela ted toxicities and their 
involvement in the development o f malnutrition. Second ly, w hile care was taken to include studies 
of a h igh quality and varied perspectives, selectio n b ias exists through not completing a tho rough 
systematic search of the literature. 
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7. Conclusions 

Malnutrition is a multifaceted and debilitating cond ition which affects u p to 90% of pa tients with 

HNC during active t reatrnent. Due to the nature and location o f these cancers, pa tients can experience 
a range of trea trnent-rela ted toxicities which a re d irectly attributed to the development of rnaln u tritjon. 

Toxicities include gastrointestinal upsets, pain a nd fa tigue, as well as metabolic changes impacting 

overall health, leading to a decreased consumption of food. Oral health issues and treabnent toxicities 
significan tly a ffec t the inab ility to consume food, d irectly increasing the incidence o f developing 

m aln u tri tio n in people d iagnosed with HNC. As identified in this review, malnutrition isextrernely 
debilitating; it can negatively affect the severity o f treatment-related toxicities, leading to reduced Qo L, 

weigh t loss, and psychological distress, and have an impact o n the patients' ability to s uccessfu lly 
complete active treatment. While there is considerable evidence for var ious in terventions to minim iz.e 

toxicity severity, pa rticularly for oral health issues, it was identified that there is no consensus, and no 
gold-standard in tervention for the treatment of these in patients with HNC. Therefore, fur ther research 

should be completed to identify intervent ions tha t will allow for the minimization of treah11ent-rela ted 
toxicities and pa tien t reported sym pto ms, especia lly o ral health issues. This would a llow for an 
improvem ent in d ietary intake, and reduce the incid ence and severity of ma lnu tri tio n in people 

d iagnosed with HNC, improving their trea tment experience, treatment and health outcomes, and 
quality o i life. 
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The Effect of Honey as a Treatment for Oral Ulcerative Lesions: 
A Systematic Review 
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Abstract 

Background and objectives: A healthy oral environment features a rapid turnover rate of epithelium cells capable 
of regeneration and repair, with the oral epithelium contributing as a physical barrier and immune defense. How
ever, t he oral cavity can be subjected to unique damage, such as ulcerations. Honey is reported as a therapeutic 
agent for wound healing, due to its antioxidant, antibacterial and anti-inflammatory properties. 

Methods: A systematic review was performed following the PRISMA 2015 Guidelines, to assess the efficacy and safety 
of the therapeutic use of honey in the oral cavity. Four electronic databases were searched (PubMed, Cochrane Library, 
Scopus, and Web of Science) for randomized controlled trials examining the effect of honey on oral cavity conditions. 

Results: In total, 2,832 records were identified, and after applying exclusion criteria, 13 studies were included. 
Honey was applied topically throughout, for chemotherapy or radiotherapy-induced oral mucositis (n = 11), den
tal wounds (n = 1), and recurrent aphthous stomatitis (n = 1), all of which are ulcerations with different patholo
gies. In the majo rity of stud ies {12/ 13), honey reduced the severity and/or duration of the condition compared 
with control groups (all p<l>.05). However, a group treated with Manuka honey(n = 1) experienced adverse effects 
and considerable participant attrition. 

Conclusions: Honey is an effective treatment for a range of oral ulcerative conditions. Future research should 
focus on compositional analysis of honeys to determine those with optimal beneficial properties, and whether 
Manuka honey is safe to use in the oral cavity. 

Introduction 

The oral cavity consists of a range of stmchJieS, including the 
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tee.th, tongue, gingiva, and hard and soft pale,ttes, with the latter be
ing composed of stratified squamous cells.1 A healthy oral e,n,uon
ment is cbaracteriz,d by a rapid cellular turnover rate, l>ith the soft 
and bard palettes averaging between 14 and 24 days, respectively.' 
One of the main purposes of the rapid turnover of the oral epithe
lium is as a defense mechanism, reducing the rate of pathogenic 
microbial colonization by removing the region they bind to. 2 It 
also serves untltiple additional functions, such as a ph}sical banier 
and imnnme defense to potential pathogens and toxins and in pro
siding an enviromuent that is optimal for the established healthy 
microbiome~ 1 

The turnover of the nrucosal cells in the oral cavity is dependent 
on a balance between ce.11 differentiation and desquamation, which 
primarily acts as a pathogen defense mechanism. 3 However, this 
can become unbalanced and lead to the development of several 
conditions, including hype,plasia and dysplasia, and a reduced 
rate of proliferation, which can lead to the development of ulcera-
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tions.2 Additioaally, the oral Dltloosa is subject to masticatoty and 
abrasive damage, \\1th this oral epitheliwn dismption basing the 
possibility of leading to the development of oral diseases1; some 
of these. common oral conditions include dental caries. denture 
wmmds, and uloerations." 

The treatment of adverse. health conditions in the oral c»ity 
is focused on thempies that simultaneously enidicate pathogenic 
microbial growth, stimtdate the wotmd healing process, and reduce 
the sensation of pain. One possible treatment option that fulfils 
these criteria is honey, which has been demonstrated to be effectiv~ 
in the treatment of a range of wotmds, such as bums and ulcers.~ 
These potentially beneficial effects can be attributed !O its antioxi
dant, anul,ac.terial, and anti-illflannnatoty properties.~' 

The composition of honey, in particular the exact proportions 
of each of its constituents, is dependent on the floral source of the 
pollen used to produce the honey.' Overall, honey is a mi.,1ure of 
several different categories of compotmds, including polypbenols, 
ascorbic acid, cMoteuoids, organic aci~ enzymes and other pro
teins,' all of which con1ribute to honey being a ,fable nu1ritional 
sot1Ite of antioxidanls.10 Honey displays strong antioxidant activity 
and has the ability to reduce the effects of o.'<idativereactions, which 
produce free radicals and reactive o.,,•gen species (.ROS).8 In addi
tion, honey is also reported to exhioit strong antibacterial effects, 
which can be attributed to its physicochentic,J properties, such as 
high osmolarity (due to high sugar levels)' and relatively low pl{l> 
due to the presence of several organic acids. Additionally, activation 
of glucose oxidase dining the dilution of honey causes the produc
tion of hydrogen peroxide from glucose metabolism, pro,idiJJg an 
undesirable en,ironment for growth and proliferation of bacterial 
cells" and potentially mediating the wound healing process. u 

The concontitant effects of the. antioxidant and antibacterial 
properties of honey also con1ribute to its anti-inflannnatoty ef. 
fects of reducing excessive inflammation. possibly resulting in a 
wotmd-healing effect• As the presence of ROS has been deter
mined to lead to the production of illflannnation," the antioxidant 
activity of honey can also contribute to a reduction of an excessive 
i,rflammatory respouse-.1 Moreover, honey's capability to prevent 
the development of bacterial infections (through pro<iding an en
,ironmeut that cannot support bacterial growth and prolil'eration) 
can further assist with the inhibition of inflammation, Further
more, the application of honey to a wound bas been demonstrated 
to stimulate the production and release of pro-illflannnato,y cy
tokines that assist in the wotmd healing process, such as interleu
kin-I and tumor necrosis factor..aJphai The topical application of 
hone.y to various injured tissues has also been shown to stinrulate 
wmmd repair through the. stinrulation of growth of epithelial cells, 
reduction of edema. and wotmd debridement.'-1 

It is well established that an indi,idnal's oral health impacts their 
quality of life.Um Poor oral health is shown to affect physical 
and psychological wellbeing through condition-related reductions 
in ftmctionality, including the inability to consume adequate nu1ri
tion and commtmicate, undesirable effects on physical appearance, 
in addition to causing pain. 1' These conditions, particularly those 
related to the soft and hard palette such as ulcerations, have been 
reported as treated us~ various types of honey in several different 
clinical popttlations. 17- • These collective data suggest honey as a 
reliable food prodt1ct, being both financially affordable and readily 
available, that could be used in the treaflnent of inflannnatory and 
microbial damage of the epithelial lining of the. oral cavity. There
fore., this systematic re\>iew aimed to assess the efficacy of honey 
as a therapeutic agent used for the treatment of epithelial damage 
due to the illflannnatOI}' and nticrobial response in the oral cavity. 
Additionally, this re.iew mil aim to evaluate the safety of honey 
in different clinical popttlations. 
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~i.rhods 

This systematic review has been c.ompleted in accordance with 
the Preferred Reporting Items for Systematic. Retiews and Meta
Analy~es (PRISMA) 20151• Gttidelines and was registered in the 
International Prospective. Register of Systematic Re\-iews (PROS
PERO Ntuuber: CRD4201912S480). The systematic review was 
completed follo\\ing the Popitlation, Intervention, Comparator, 
Outcomes and Setting (FICOS) approach as follows: 

Popitlation: Human populations \\1th an e.'<isting oral he,lth 
condition, or at risk of deteloping an oral health condition. 

Intervention: Randomized controlled 1rials utilizing topically. 
applied undiluted honey from any floral sot= as a treaflnent or 
preventative agent \\-itbotrt the. COUClUTent use of other treatments. 
Only trials containing sample sizes over 12 participants were in
cluded; howe,<er, there was no time limit placed on study duration. 

Comparator: Hwnan comparators being treated with a placebo. 
control or routine. standard oral care. 

Outcomes: Effects of honey treatment on severity of oral health 
conditions, improvements in healing time, and any adverse effects 
to participants caused by the use of honey during and following the 
infenrention protocol. 

Setting: Any. 

The follm,ing four electronic databases were searched; Scopos, Pub. 
Med, Cochrane libraty and Web of Science, for m.1UUSCripts pub
lished since journal inception until June 2019. Furthermore, searches 
were also condt1cted to identify any uew publication, prior to sub
ntission of this manuscript (end' of0ctobei'2019). The searches were 
lintited to studies that were conducted on humans, were randomized 
controlled trials, and were published in peer-retiewed jouruals in the 
English language. The reference lists of included articles were also 
s,orched to locate any additional articles relating to the topic. The 
search tenuinologyusedinc-luded •·hone,r" and «oral", "mouth", "in-
traoral", "cavity", '1:,ucc*", '"tooth", "°ort:hodont-", «saliv*", and"~ 
ease", "cooctition", "lesion", '\votu:xl", "carie.,•, ,.-plaque", '\tlcei'', 
''bacter'", ''micro", "cotmf', "'th the tenns AND and OR between 
e,\.'eI)' term 

Siltc:tion ctiteiia 

Studies were included if they were original research, randomized 
controlled 1rials published in English and in peer-re,iewed jour
nals. Articles were only considered if they utilized undiluted 
honey \\"i thout any other interventions as a treatment against a 
pre-existing condition of the mouth or as a preventative agent in a 
group more susceptible to developing an oral condition. Further
more, articles were required to have a control or placebo group 
as a comparator. Any articles that did not mee.t these criteria ,vere. 
exduded from this review. There were no time limitations posed 
on the duration of the studies, as oral conditions have different 
dt,rations and pathological severities. For the. pu,pose of this sy~
tematic re\iiew. a condition of the mouth was defined as a symp
tomatic problem unique to the oral cavity, such as ulcers or dental 
wounds. 

Dato extrarn.'011 

All articles identified in the initial electronic search were imported 
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into an EndNote libruy (vXS.2; Clarivate Analytics, USA) and 
duplicates removed. We e.,c!uded articles that did not investigate 
honey or oral health conditions. Following this, articles were ex
cluded based on study design, and only if pure tmdiltrted honey 
was utilized in the absence of any other treatments, v.ith the exc,p
tion of patient-required analgesics. 

Two authors (MH and JK) independently screened each of the 
articles based on the. selection criteria. The titles we1e. screened 
to detennine relevance, followed by screening of abstracts to de
teimine studies stritable for full-t'-"i analysis. Any disag,eemerrts 
regarding the selection criteria were resolved through discussion 
tmtil comeusus was reached or in consultation with a third author 
(NN). At this stage, the reference lists of the articles considered for 
full-te.,1 review were searcbed for additional articles. The extrac
tion of relevant data was completed by two authors (.MH and JK) 
worl:ing independently in predesil)led tables including the infor
mation on author name, year of publication, condition assessed,. 
honey application protoco~ control or placebo, mnnber of partici
pants, and outcomes. 

Ass-t1.$.st1u•,it ofbfos 

The risk of bias was independently assessed according to the 
Cochrane Collaboration's Tool for Assessing Bias, which utilizes 
the domains of selection bias through random sequence. genera. 
lion and allocation concealment, perform.mce bias through blind
ing of participants and personnel, detection bias through blinding 
of outcome. assessment; attrition bias through the addressing of 
any incomplete data, reporting bias through selective reporting, 
and any other sources of bias." The risk of bias was assessed 
independently by two authors (MH and JK), with a third author 
(NN) introduced in the. case of any disagreemerrts, where appro
priate. 

Data analrsis 

Due to the broad inc.lusion criteria used for this review to inc.lude 
a numberofulce.rative lesions, which includes a variety ofpopuJa. 
tion groups and intervention protoools, this review consists of con. 
siderable heterogeneity. As such, a meta-analysis was not deemed 
appropriate. 

Results 

Sn,~· ul~c6011 

The irritial search of the electronic databases (fig. I'') resttlted 
in 2,838 articles, with the secondary searches identifying I 
article. Following remo\'al of articles due to duplicates (,, = 
1,181), study design (J, = 115), absence of honey investigation 
(,, = 1,416) and absence of oral health irrtervention (n = 80), 
46 studies we.re subjected to full tex1-analysis. Articles ,,,ere 
further es.duded due to use of diluted honey \\~th or without 
the use of additioual therapies(,, = 14), tmstritable oral health 
conditions (n = 12) and sh1dy desil')l (,, = 8), v.i th 13 studies 
fitting the. inclusion c.riteria.2?~ An article investigating the use 
ofhone.y to assist in the recovery of dental e:drac.tion sttrgery3) 

,vas considered but it was de.tennined that since this wotmd is 
due to surgery. and not a condition unique to the oral cavity, this 
article was excluded. 
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Sh•~r charadR1istfos 

The characteristics of the included studies are presented in Table 
1.21_,, The total nUlllber of participants recnrited in the included 
studies was 634, v.ith sample sizes ranging from 20 to 106 par
ticipants. Of these, 11 studies investigated oral mucositis (OM) 
in 579 cancer patients,21..J, I in,•estigated 35 participants with 
denn,re-induced ttlcen ," and I investigated 20 participants with 
recurrent aphthous stomatitis (RAS)." Although the selection 
criteria of this review was designed to include a broad range of 
oral health conditions, the intervention was oollllllOn across stud
ies, with pure, tmdiluted honey bei:ng applied topically to affected 
areas in the mouths of patients in the treatment groups. The type 
of honey and their floral sources used in the included sntdies was 
largely unspecified" ·''-".J3·"; however, two studies stated that the 
honey was sourced from a commercial supemwket. ?J.t7 Five of 
the studies identified the local flora that was used in the production 
of the honey used,"-''-'' ·" >' and one study specified their use of 
Manuka honey.'' 

In the included articles, particiE,ts were instructed to main
tain good oral hygiene (,, = 6)22="·">2 or prescribed the use 
of antibacterial, antifimgal or analgesic solutions (,, = 3)."-'3>2 

However, this was not specified in sL"< snKlies. ?1-Jt.J3..u For trials 
investigating OM (n = 11), the. studies in;·estigated head and neck 
cancer patients in adult popwation.s2'..J2 and pediatric patients re
ceiving treatment for a range of cancers, including leukemia.n,:?J 
Participarrts with radiotherapy-induced OM were included in six 
studies,2.c.is.27- ?.~.31 with 1 study Mving investigated chemother
apy-induced OM" and 4 ha,>ing determined the effect of honey 
on concurrent chemo.radiotherap-y-induced OM.23·2' ·JU? These 
studies utiliz.ed routine oral care·i.1:i.uo,31 saline rinses of ctiffe.r
ent concentration ranges (0.9%,n 0.09%,31 and unspecified''), 
water, 28 and a variety of anesthetic and analgesic solutions (] .5% 
benzocaine gel," 15% benzydamine hydrochloride,27 lignocaine 
gel" ) serving as controls, while only one study utilized a pl~ebo 
gel is and another developed their own mi'i-ture.u 

Iuterwmrious 

In a study by Biswal et al.;24 patients receiving radiotherapy for 
head and nee]; cancer were provided \>ith 20 mLofhoney to smear 
on the inside of their mouths, and instructed to swallow it slowly 
in order to coat both the oral and pharyngeal mucosa, \\ith ap
plication occurring 15 min before and after they received radio
therapy and 6 h after recei,ing radiotherapy, for the duration of 
the treatmeut cycle .. This study des~ was also replicated by other 
studies included in this review,"· 2 with Jayalekslnni et al,. 
and Howlader el al." with slight modifications, namely use of 15 
ml. of honey" and collstmption of additioual honey to potentially 
contribute to senuu antioxidant levels.26 

The remaining studies in,<estiga.ting OM utilized study desil')lS 
similar to those above, topically coating the oral ca,ity \\ith hon
ey; however, the amounts of honey used and ti.ming of applica
tion were differerrt. In trials by Al Jaourri el al" and Ha"1ey et 
al 15 durations were similar of treatments used to Biswal et aL 24 

and participants were followed throughout the duration of their 
oncology treatmerrts. In addition, Hawley ei al 25 maintained the 
irrte,vention for 7 day-s following final radiotherapy treatment, with 
all studies applying the honey inten'ention four times daily. The 
volumes of honey and subsequent saline rinse were not specified 
by Al Jaouni er al u btrt Ha"1ey et al." specified the prescription 
of 5 ml.of applied honey followed by a fluoride rinse. Abdulr!nnan 
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snrm stratt.JY: 

(honey'") ANO (oral OR mouth OR intraoral 
OR cavity OR bu~ OR tooth OR dental 

OR orthoc:Jont• OR SiUv•) ANO (disease OR 
condition OR leslon OR woond OR carie., 

OR plaque OR ulcer OR (bacter• OR 
mtel'o• OR count) 

. 
C 

Primary sea rch: Secondary search: w Cochrane Library, PubMed, SCOPUS, Web 
of SClen~ AdditiOnal records 

Records kated: 
klentifltd through other 

sources 
(o=2838) (n•l ) 

DupOcates removed: 
(nd181) 

Titles and Abstracts screened for study 
descgn, use of honey & onl health Exclusion aiteria applied: 

conitlidons: (001611) 
(nol6S8) 00 

ill Full•telrt articles assessed for el igibility: Ful~text articles exduded: 
(n• 34) 

i - (n•47) 

Oilvted honey and other 
treatments (n:14) 

00 
Articles fitting tne inclusion aitffla: Not oral health condition 

(n:121 (,,•13) 
Study design (n.SI 

Fijg, 1. Search strategy and artic.le selection process according: to the Preferred Reporting Items for Systematic Reviews and Meta~Analyses (PRISMAt 
Guidelines.10 

el al." included participants with established OM using tmdihrted 
honey (0.5 gtl,:g) and ha.ing two control groups (recei,mg a cus
tom-made mixture (placebo) or an analgesic control). All groups 
applied theirmi'<lllres three times daily for 10 days or tmtil healing 
of ulceration. 

The study by Ceylan er al." investigated the use of honey in 
the treatment of traumatic ulcers that were caused by newly fit. 
ted dentures in 35 healthy, pre.,,ously edentttlous participanis. Of 
these, 25 participants were pro,,ded with honey and instructed to 
smear directly onto the ulce,s three times daily for 3 days follow
ing denture fitting. The control group (11 = I 0) were. provided with 
a saline rinse to we via the same protocol as the treatment group. 
The uloer are.as were measured in all partfoipauts using planimetry 
on the first and third day following initial denture fitting. 

The study by Halim el al. 34 investigated the effectiveness of 

30 

honey in the treatment of RAS in healthy adttlts. Follo\\mg an ini
tial assessment, participants in the treatment group (n = 10) were 
given honey and control groups (n = I 0) were given salicylate ge~ 
a standard prescribed treannent for RAS, to apply to their ,deers 3 
times daily for 5 days. Ulcer size was detennined using calipers, 
and a ,iisuai analog score was used to assess pain before and after 
the intervention. 

Shuly rts11ltt 

The majority of studies investigating the,~ of honey in the treat
ment of OM in an oncology population were successful in alle,iiat
ing negative S)'llptoms, including redttcing the severity or duration 
of the condition (all p<0.05) (Table l)."-u., .. ,._,u, In these stud-
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~ Table 1, Summary of includedstudycharacterGtia 
;i:: 

~ ;; Study Population Intervention Comparator Re.wits ~ 

I 
~ 

Abdul(hman Lymphoblastic: Group l: O.Sg/l<gapplied Group 2: 0.25 g/l<g or 4:2:l mixture Recovery time reduced forGrade Ill. 
et al (l012)U leukemia rea?iving topically to th.e affected of honey, olive oil-propolis e,ctract 2 OM (Group l p <0.0S) " r:-chemotherapy; Grade 0..-1 mucosa three times and beeswax(HOPE)applied topically Recoverytfrr.e reduced forGrade 30M ::c: 

2 and 3 OM;tt • 90 daily until healing or three times daily undl healing or for In Group l and Group 2 (p<:0.0 1) g 
for 10 days and routine 10days and routfoe oral care; n • 30 Combining Group 2 and Group 3, ~ 

~ oral care; .rt a 30 Group3: benzomine7.5%gel honey h.ad fastest healing el 

~ applied tooral ml.l('osa th.fee times HOPE: burning sensation ~ 

daily and routine oral care; n = 30 [ 
:8 

Al Jaouni et Pediatric-cancer Honey applied topically Routine oral care; n • 20 Reduced G,ade 3and 40M in ll01,ey group 
g 

'O 
!!. - al (2017)" receiving chemo/ to oral mucosa, folloW{!d (20% vs. 55%) and reduced hospitalization 

f radlotherapy; n • 40 by alkaline saline rinse (p <0.05), Increased bodyweight, :;, 
~ 

fo1,1r to sk times daily and delayed onset, decreased p.ain i 
V, 

routine oral care; n s 20 
[¾-r Biswal et of. Head neckcancer 20 ml honey applied to Routine oral care; 11 • 2l Oiffereoc:e inG3 an-d G4 mu,cosit.'ls was 2°" " (2003)" patients receiving mouth before, immediately (treatment) an<l 75% contro l (p < 0.00058) ;;i 

" g 
radiotherapy after, an<l 6 h after 

" f 11 a: 40 rad lotherapy: n • 20 

ceylan et ol. New denture Honey applied to Saltwater rinse three times daily; fl = 10 Difference betv:eengroups in the .., (2010)'33 weareiS; fl= 35 wound 3 times daily patients' assessment (p < 0.05) 0 

~ for 3 days: n = 25 Honey relieved symptoms earlier than control 

Halim et ol. Minor recurrent Honey applied three times Salitvlate gel applied three No difference between honiey and salicylate 
(2013)'' aphthous stornatitis daily for 5 days; n = 10 times daily for 5 dayS; n = 10 gel for pain score and ulter size (p> 0.05): 

patients; fl = ~ observed improvement in p,.ain and ulcer size 

Hawley et Head and neek cancer 5 mL honey applied four 5ml placebo gel applied four times No difference between groups for OM Grade 3 (p• o. 77) 
ol. (2014)"' patients receiving times daily following saline daily following saline rinse; fluoride Honey and platebotontributed to nausea; 57% 

radiotherapyi fl= 106 rinse; fluoride treatment treatment at bedtime; fl = 52 treatment and 52% placebo drop,out rate 
at bedtime; n = 54 

Kowladeret Head and neck 20 ml honey applied to Saline rinsed in mouth 15 min before No difference (p> 0.05) in mucositisgradeweeks 
al (2019)20 cancer patients mouth 15 min before and and after radiotherapy; n = 20 1-4 (radiotherapy administ~red ): improvements 

receiving chemo/ after,and 6hours after in 4"' week post radiotherapy (p = 0.0001) 
radiotherapy; n = 40 radiotherapy; 11 = 20 

Jayac-handran Oral cane.er Group 1: 20 ml honey Group 2: lSmL 0.15% benzydamine Delayed onset for Group l and reduced severity 
et al (2012)" patients receiving rinsed 15 min before hydrochloride rinsed 15 min compared to Group 2 and Group3 (p< 0.<6) 

radiotherapy; n = 60 and after, and 6 h after before and after, and 6 h after ITI 
~ rad iothcrapy; n = 20 rad ioth.erapy for S min: fl = 20 0 

Group 3: 20 ml0.9%saline rinsed 15 ~ 

min before and after, an-cl 6 h after ~ 
radiotherapy for S min; n = X> _;: 

Jayalekshmi et Head and neck cancer 15 ml honey rinsed 15 min 15 ml water rinsed 15 min before and Reduction in OM in week 4 (p < "8 
al (2016)"' patients receiving before and after, and 6 h after, and 6 h after radiotherapy; n = 14 0.05) and 5 an<l 6 (p <0.01) 9-

!! radiotherapy; n = 28 after radiotherapy; n = 14 Control: 6l.54%developed Grade 30M. 0 

~ 
Treatment: 9.09% developed Grade 3 OM :s:: 

3.. 
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ies, OM was assessed using a grading scale, with Grade I repre
senting less severe cases and Grade 4 being Ille most severe. In 
lhese studies, lhe onse.t of OM was delayed in the honey-treatment 
groop compared to the control group, aud fewer participants in the 
honey group of each study developed higher gradings of the oondi
tioa One OM study did not report any sig)liiicaut changes from 
pre- to post-treatment nor any difference between the two groups 
(treatment and control); however, there was a self.reported ob
setved difference in the OM.30 All of lhese studies uliliz,d standard 
honey from no particular floral source, \\~th no adverse. reac.tious 
reported throur,out the duration of the honey intervention, except
ing one study' that reported the exclusion of participants who re
ported a stinging sensation, though the mllllber of e.'°htsions aud 
eifect on the study was not disclosed. A single study by Hawley et 
al. i; uliliz,d Mautika honey aud reported no significant difference 
in the severity or durafion of OM between the honey aud placebo 
groops (p = 0.77); however, this study experienced considerable 
dropout rate (57% in the honey groop, 52% in the placebo group), 
m.1inly attributed to the sensation of nausea caused by the applica
tion of the honey . 

It was determined that honey sig)liiicantly (p value unreported) 
relieved the symptoms of the denture-induced ttlcers earlier than in 
the control group, aud (as assessed by a ,.;.ual analogue score) re
duced pain, "'th uo adverse eifec.ts." Finally, while no participants 
with RAS reported adverse eifects, no sig)liiicanl differe- was 
fotmd between the. honey group aud control group of a currently 
utilized treatment for ulcer size (p = 0.879) and pain (p = 0.514); 
however, self-reported improveme.nts were observed 34 

Risk of bia.s in i11d11dtd .s-ft1ditt 

The risk of bias was assessed aocordilf to the Cochrane Risk of 
Bias Tool aud is outlined in Table 2.2 _,. The risk of selection 
bias through allocation concealment was high for the included 
studies, which was due to placebo products being utilized by 2/13 
studies. 22•15 Additionally, Jayalekshmi et al" reported the use of 
similar bottles for both their treatment and control groups, res,tlt
ing in a low risk of selection bias. Similarly, the. perl'onnance. 
bias was high or w1dear, which was attributed to the common 
utilization of controls rather than a placebo. The detection bias 
for the included studies ,,:as relatively \mdear but tha-e. was an 
overall low risk of attrition aud reporting bias (Table 2). No other 
bias was detected. 

Di.scu1siou 

The primary aim of this review was to detennine the effectiveness 
of topically-applied honey in the treatmeJll of a range. of oral he,Jth 
conditions. Of the 13 studies included in this review, 10 reported 
statistically sig)liiicant reductions in the severity of the oral health 
condition compared to a control group, including 9 studies inves
tigating O?,,itt?-2.c.26-2t.Jl.l? and 1 imiestigating denrure wotmds. ll 
While one study did not report any sig)liiicance"' and another re
ported no significant difference in the impro,,ement of RAS," the. 
oral condition was improved in both studies, demonstrating that 
honey was just as effective as the stand.mi prescribed treatments 
for these oonditions. Only one study, by Hawley ei al. ," did not 
report any improvements in oral condition. 

It has been proposed that honey possesses wotmd healing abili-
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ties due to its antioxidant and antibacterial propertie~ S-? which in
chtdes the ability to heal ,tlcentions. All conditions included in this 
re,,iew culminated in the development of an oral ulcer, which bad 
formed due to the Joss and necrosis of epithelial tissue and result
ing in breaks in the skin or mucous membranel6; each condition 
formed due to different pathologies. Oral mucositis is a condition 
that develops as a toxicity during oncology treatments (chemother
apy and radioiherapy) and is characterized by inflammation, ery
thema, microbial colonization, and ,tlceratiou. 37 Similarly, RAS is 
a condition of unkno\\1\ cause that affects the lining of the mouth, 
causing e,ythema, bunting and ulceration," and denture-induced 
,tlce,s are caused by the introduction of ill-fitting deun,res causing 
abrasive damage to the lining of the mouth, resulting in ,tlcerative 
lesions.33 

The antibacterial and antioxidant properties of honey contribute 
to honey's wound-heating abilities. In the case of o:M, the ini
tiation phase is characterized by the production of ROS," which 
cmtld potentially cause further damage to the affected areas. A 
sntdy investigating participants with RAS detennined that those 
"'th the condition bad si~cantly lower salivary antioxidant 
let>els compared to healthy controls," demonstrating that the ,tl
cerations potentially produced ROS, causing a reduction in the 
antioxidant compo,l!tds present in the mouth. This higbligbls a 
possible mechanism for the. effectiveness of honey as a treatment 
for the. ulcerations discussed in this r"iew. Potentially, the pres
ence of the antioxidant compoonds provided by the. topically-ap
plied honey can reduce the effects of ROS acti,ity during the de
velopment of ulcerations. Furtbetm0re. the constllllption of honey 
increases total systemic plasma antioxidant le\re.ls, and swallow
ing of the topically-aP,lied honey may contribute to longer lasting 
antioxidant eJfects. 1 further coutnOuting to the wotmd healing 
process. 

Ad,.,,.,, effects 

The secondat)• aim of this systematic review was to de.tennine any 
adverse effects during the topically-applied honey interventions. 
Only one of the included studies reported an adverse effect due to 
the honey intervention.5 Namely, Hawley et al. 1; reported con
siderable dropouts due to nausea, which could be attributed to the 
treatments being assoc.iated \Yith radiotherapy; however, it was 
reported that the Mamtl.:a honey that was used worsened nausea 
symptoms and enco,1raged a retching morion. A sn1dy by Bardy 
et al. 39 also used Manuka honey and reported a low compliance 
rate due to the honey being difficlllt to use,. along with an tmdesir
able taste and texture. A study by Parsons el al." initially bad to 
be discontinued due to the Manuka honey not being well-tolerat
ed by participants, and in that study all participants withdrew due 
to a perceived stinging pain and nausea follo,.;ng application. In
terestingly, Abdulrhman et al." reported no adverse side effects 
in the honey intervention ann of their sn,dy, which used honey 
from a different floral source to Manuka hone.y; howevex, in their 
comparative group using their ov.u foIU1ulation,. discomfort was 
reported, which was proposed to be due to the addition ofpropo
lis. The studies investigating denture wounds" and RAS" did 
not report any adverse effects. This ft,rtb,r supports e\1dence that 
the application of honey to the inside of the oral ca,,ty is effec
tive in reducing the pathogenic. bacteria that cause dental caries, 
and has a positive e.ffect on plaque levels and gingivitis. J7,u, .. n 
These findings demonstrate that the use of honey in future sn,dies 
is safe. for the dental health of participants. It was also proposed 
that similar trials comparing two intervention groups of Man,t!<a 
and conventional honey sbo,tld be completed~; however, gjven 
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the °'idence of the adverse effects of Manuka honey, this may 
not be feasible. 

lssuts wit!, use aud den~Jopmeut ofplnubo 

Tue majority of the studies included in this r°'iew (n = 12) uti
lized a control or 'standard' prescribed care in the place of a pla
cebo. Due to the nature and progression of oral health conditions 
included in this re\aew, particularly OM in oncology patients, it 
wmtld be unethical to pro,,ide no treatment to the control group, 
resulting in most studies in this review receh-ing standard care or 
a conunonly-used treatment. This is also partially reflected by the 
repcrted bias (Table 2), where many studies were graded as having 
a "high risk" of selection and perfomiance bias, with the exception 
of the study by Jayalekslnui et al" who utilized similar packaging 
for their honey treatment and control. 

If a placebo were to be used in future studies to assess the effec. 
liveness of honey as a topical treatrnen~ it would be best practice 
to use produc.ts which share certain physicochemical properties 
\>ith honey to support ,mdetectabilitr, by participants, such as its 
properties of osmolarity and acidity. 1 Tue use of such a placebo 
co,tld have confmmdiug effects, as the physicocltemical properties 
of honey, including its osmolarity, contribute to honeys woW!d
healing abilities." One such example is brought forth by the study 
by Bardy el al.," which had been excluded (during full-text re
view) from our re\>iew due to not ha'ving used tu1diluted honey. 
In that study, golden syrup which has a similar appearance and 
tei.1Ure lo honey, was assigned as a placebo alongside a Mam,l;a 
honey treatment for OM. While there was no significant differ. 
ence observed in the severity or duration of the OM between the 
treatment and control groups (p > 0.05), the pathogenic bacteria 
present in both grm,ps was consistent with baseline throughout the 
study period, demonstrating that both honey and the placebo con
trolled the bacterial growth. This further suppcrts the notion of the 
irnpcrtance of osmolarity action (shared by the honey and golden 
syrup) on the antibacterial acti,ity of honey. 

The ouly study in this maew that utilized a placebo wa, com
pleted by Hawley et al.," \\~ere the product was developed to look 
like honey. Similar to the study by Bardy el aL," this study did not 
result in a significant reduction in the severity or duration of the 
OM e.'P'rieuced by participants; howevez, this could be. attrib,rted 
to the possible non-suitability of Mam,J;a honey for this type of 
treatment, rather than the acti,aty of the placebo. Additionally, a 
study by Abdulrhmau et al.12 developed a honey-contaiJting prod
uc~ which they assessed as a treatment for OM alongside a treat
ment group that received pure, W1diluted honey, in addition to the 
use of a standard care control (Table 1). 

It is evidenl that the utilization of a placebo in studies of this 
nature is not prac.ticai and so further care. should be taken in ti.tttire 
studies to ensure that both participants and researchen are blinded 
to the allocation of honey or control. This cmtld pctentially be 
achieved through disclosing that the intervenlion is designed to 
improve the oral health condition, while not specifjing that honey 
is the treatment. 

Composirioual properties of 1utd honers· 

It is well established that several honey properties can contribute 
to its wo\Dld healing effects, iliduding a combination of autio:si
daut, physicocltemical and antimicrobial properties. How.--.,, the 
optimal levels of compo,mds or categories of compounds, includ
ing their interaction with each other, that can contribute to the ob-
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setved beneficial health effects of honey, are largely ,mexplore<l 
Four of the included studies, all investigating OM, oompleted ill 
>itro analvsis of the pcteutial wo\llld healing properties, includiu~ 
pH, 22,2-1.Jf..l? moisture content, u .?4.31.Jl phytochemical profile.1,u. 
and microbiological analysis."·" However, ncne of the studies 
utilized these results in their discussion on the effecti,•eness of 
honey as a treatment. A trial of this nature shmtld be. completed lo 
detenuine the individual ill >ib" wo\Uld healing properties of dif. 
ferent types of honey, so that reconnnendatious can be offered to 
participants experiencing these oral health oonditions about what 
type of honey shmtld be used to pro,ade optimal benefits. Due to 
the overall Jack of analysis of the honey utilized in these trials, it 
is difficult to draw conclusions abo,rt the best ty-pe/s ofhone.y and 
the properties that are most appropriate. for use in the treatment of 
these oral conditions. 

limitations 

The inc.lusion criteria for this re\iiew evaluated only articles that 
utilized pore .. \llldiluted honey as a treatrnen~ as the concurrent 
utilization of other compmmds or medications bas the possibility 
to contribute to any potential beneficial effect pro,aded by just the 
honey in isolation. As a result, studies that utilized honey and no 
othe, treatments were included, though the use of standard care was 
allowed. It wo,tld be ,methical to request that patients discontinue 
their normal oral care routines for the duration of an intervention. 
due to the pctential impact on their dental health. Additionally, the 
conditions investigated in this re-viai,1 can cause oonsidenible pain, 
which could lead to the requirement of the additional analgesics. 
This may pro,ide a reduction in the effectiveness of the honey; 
however, the use of honey in isolation to routine oral care in in
tenre.ntions such as the ones included in thi,; review is impractical 

F uturt research proposal,; 

The adverse effects caused by Mam,l;a honey highlighted in this re, 
,iew shmtld be taken into consideration of future research for oral 
health conditions. Mam,J;a honey contains relatively high levels of 
methjiglyoxal (MGO), which has been identified to be unique to 
this type of honey and directly oontrib,rtes to Mam,J;a honey's an
tibacterial abilities." •" This compound also ocaus in hum.ms as a 
by-product to metabolic processes, such as glycoly~is';; however, 
it has been shown to exlnoit pctentially toxic side effects, includ
ing the ability to modify DNA and other macromolecules." Addi
tion.,lly, in healthy lnnnan cells, the tripeptide glutathione(GSH) is 
capable of suppressing the acti,aty of MGO'' ; bow ever, once. a cell 
becomes damaged, such as during the oral conditions discussed in 
this review, there is a reduction in the e.'-l)ressiou of GSH..tS This 
can resitlt in t\niher damage, v,ith GSH depletion leading to MGO 
acauuulation." This is depicted in Figure 2, where, in a healthy 
oral cavity, GSH is able to suppress the activity ofMGO, thereby 
preventing any ceU,tlar modifications. Although, when Manuka 
honey is applied to the damaged oral ca,,;ty, the reduced levels of 
GSH allow the levels ofMGO to increase, and to potentially cause 
forther cellular damage. 

As pre\.iously discussed, one study included in this review 
reported considerable adverse effects following the topical appli
cation of Manuka honey.?;; Studies of similar interventions also 
reported adverse effects," ·" which could pctentially be due to the 
propo~d interactions between MGO and reduced le.vels of GSR 
These adverse reactions were not observed in studies utilizing hon-
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Fi&:, 2, fffea of honey on the oral cavity. (a) GSH pruent in the healthy Orilcavity suppresses the activity of MGO from Manuh honey. (b) The us@ of honey 
does not cause adverse effects in a healthy oraJ cavity, and CS effective- in treating a damaged oral cavity. (ct Reduced levels of G:SH in the damaged oral cay. 
ity do not suppress the activity of MGO from Manuh honey, with the MGO potentia0y causing further damage, and Manuka honey not being an effective 
treatment. GSH, t.ripeptide glutathione; MGO, methyfglyoxal. 

ey from other floral sources, with the topical application ofbouey 
to a damaged oral maty being demonstrated to result in improve
ments to the oral condition (Fig. 2). 

\\,'bile Mau,lka honeys have demonstrated Sllbstantial potential 
wo\md healing abilities in vitro and itt 1,'fvo, iu 4.50 there is currently 
a lack of relevant clinical trials utilizing this product for wowd 
healing treatments. Due. to its compositional properties, it sbottld 
be considered that Manuka honey be utilized in clinical trials for 
sire-specific topical application in wow,d sites other than the oral 
ca\<ity, such as a laceration or mun on the. skin to test for effective
ness 'and tolerability. Similarly, fwiher trials in the treatment of 
oral conditions or investigating alternative application sites could 

001: 10.14218/ERHM.2019.00029 I Volume 5 I= e !, March 2020 

be compleled to determine optimal levels of MGO that can be tol
erated. 

Coudusiou 

Tue use ofhone:y as a therapeutic treannent of oral condition,«; has 
been identified to be eifective iu reducin2 the d\lration and se.ver
ity of conditions in comparison to stw.dard treabnents and con
trols. Specifically, it has been demonstrated that honey is eil'ec.tive 
against a range of oral ulcers ""th multiple pathologies and, in 
particular, in the treailllent of oral mucositis. /\Jly adverse.reactions 
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that were reported throughout the duration of the included studies 
coitld be attributed to the type of honey used and were not due to 
the type of oral health condition, demonstrating th.,t the topical 
application of honey, other than Mamil:a honey, is relatively safe 
for use across a range. of oral health conditions. The = of honey 
for the treatment of oral mucositis should be considered for fur
ther research; however, control over honey composition should be 
taken into consideration, partiatlarly phytochemical composition. 
The use ofMan,u:a honey in the treatment of oral cavity conditions 
shmtld be carefully considered before use, with future investiga
tions required to determine its safety. 
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Abstract: Honey"s composition and appearance is largely inff ue:noed by flora] and geographk o rigins. 

Aw.'tralian ho neys are frequently sou.reed from supermarkets; however, properties associated with 

consumer preference and likeability remain relatively unknown. The aim o f this study was to com
plete seOSOI)' and compositional analyses o n a selection of commercially available Australian h oneys. 

Samples (n = 32) were analy-sed for visual, olfactory a nd taste characteristiCSi, with overa ll likeability 

asse.sed by the trained sensory panel (11 = 24; M = 12). Compositional nnalysi.s includ ed colour inte~ 

sity (mAU); phenolic content; antio:d dant characteristics (DPPH, CUPRAQ; and physicochemical 

p roperties (pH, v iscosil)~ total soluble soHds). There were 23 honey samples that were s ignificantly 

less liked when compared to the most liked honey (p < 0.05). The likeabiUty of honey was positively 

associated with perceived sweebless (p < 0.011 and it was negatively associated with crystaUisation; 
odour intensity; waxy, chemical, and fe rmented smell; mouthfecl; aftertaste; sourness; b itterness 

and p H (All p's< 0.05). The price (AUD/ 100 g) was not associated with likeabilitj' (p = 0.143), 

suggesting price value potentially dc:es not influena:- consumer preferences. Condusi\'el)i differences 

in likeability between the honey samples demonstrate that oonsumerperreption of sampled honeys is 

diverse. J-foney preference is primarily d riven by the o rganoleptk properties, particuJarly perceived 

negat:i\'e tast~ rather than their antioxidant capacity or p heno lic content. 

Ke)'\\l'Ords: commercially avaiJable honey; sensory analysis; antioxidant; physicochemic:al; likeability 

1. Introduction 

Honey is a naturally produced product made from a combination of the nectar of 
plan ts and bees ow n secrelions, which is deposited into honey comb for maturation 11). It 
is p rimarily composed oi sugars, predominantly fructose (-36%) nnd glucose (-30%) 12], 
in addition to over 200 different nutritionaUy relevant compounds f3f. Among these 
other constituents, honey includes several enzymes, vitamins, minerals, o rganic acids, 
and a range of p hy tochemical compounds, such as polyphenols and carotenoids [3]. The 
composition o f honey is largely in lluenred by several factors, such as its botanka1 origins 
and geographic location, as weJ1 as climate and storage conditions r2J. 

A variety of health benefi ts o f honey have been identified relating to honey's an
tioxidan t characteristics, antibacterial p roperties, and anti-inflammatory effects. Honey 
consumption was sh0\\1n to increase p lasma antioxidant levels in hea1thy hwnans f4,SJ, 
indicating that honey is a potentially viable nutritional sourre of antioxidants. Additional1y, 
the consumption of honey has also been shown to reduce the circu lating reactive oxygen 
species (ROS) by-products of oxidative stress in both animal [61 and human models (4). 

foods 2021., 10, L842. https.://doi..otg/ 10.3390/foodd008l8-l2 http:t:/ / w ww.mdpi.1..-.:nn/ journal/foods 
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These antioxidant characteristics of honey can be attributed to its composition, predomi
nately its bioactive compounds, such as phenolic acids, flavonoids, and carotenoids. The 
antibacterial effects of honey are ascribed to its physicochemical properties (including pH 
and viscosity), which have the ability to prevent the growth of bacterial species [7], and tl,e 
production of hyd rogen perox ide as a by-product of the breakdown of glucose caused by 
g lucose ox idase [8]. The combined effects of the antioxidant and antibacterial properties 
can further lead to their synergistic anti-inflammatory effects [9,10]. 

The global p roduction of honey is approximately 1.2 m illion tons, with the aver
age annual consumption of honey in Australia per capita averaging 0.£r0.8 kg/year [11 ]. 
Furthermore, supermarket purchases represent70% of honey retail in Australia (12], high
lighting the acceptance of commercially available honey. 11,e majority of commercially 
available honeys are exposed to a variety of different treatments and processing techniques. 
These include straining and fi ltering of the honey (to remove pollen a nd o ther plant con
stituents), heating (liquefication to prevent crysta llisation), a nd pasteu risation (to destroy 
po tential pathogens) [13]. These processes commonly incl ude heating honey to 45 •c for 
8 h, followed by filtration (100 µm) [14) in order to maintain the quality and consistency of 
the p roducts and for adherenre to cons umer expectations of the overall p roduct (13]. 

The sensory evalua tion of food prod ucts traditiona lly involves human panellists 
characterising, quantifying, and in terpreting the properties of a particular food product [15]. 
Although some laboratory analysis can quantify many characteristics of a food prod uct, 
sensory eva.luation is often completed when a new food prod uct is developed or w hen 
there is an interest in the consumer's perception of an ex isting food product (16]. The 
sensory analysis of a food product represents an essential tool in detem1ining a variety 
of the product 's o rganoleptic p roperties, evaluating a products qualil), and assessing the 
consumer opinion of the product [15]. 

The basis of honey ssensory evaluation is the description and quantification of a variety 
of facto rs relating to the perception of visual, olfactory, gusta tory, and tactile characteris
tics [15). Additionally, the senso1y analysis of honey can p rovide information relating to 
the botanic origin of the honey and the identification o f any potential defective qualities, 
such as crystallisatio n. It is a lso an essential p rocess in increasing the understand ing of 
consumer requirernents, preferences, or aversions for the evaluated honey products [17]. 

Desirable characteristics responsible for the overaU constuner p reference in these
lectio n o f honey il-1dude Aavour, appearance, price/value, local origin, and convenient 
environmentally friendly packaging [1S-21J. However, whether the composition and phys
ica l properties of honey influence consumer preference is still relatively unexplored. This 
could occur by multiple rnechanisrns, including the presence of phenolic compounds that 
are known to p rod uce a bitter taste sensation [22] or levels of s uga r associated with the 
onset of crystallisation [23]. Therefore, the aim of this study was to perform an exploratory 
sensory ana lysis of a ra nge of commercially available Austra lian honeys to determine 
the likeability a nd the factors that contribu te to this, considering bo th o rganoleptic a nd 
compositio nal attributes .. 

2. Materials and Methods 
2.1. Honey Samples 

A tota l of 32 commercially avai lable honey samples were p urchased from various 
large commercial suppliers (Aldi®, Coles®, Independent Grocers Australia®, Woolworths®) 
across the Australian C.apital Territory (ACT; Australia), with the prire (AUD/ 100 g) 
recorded. Honey samples were s tored in darkness a t room temperature (26 ± 3 •q fol
lowing recommended guidelines [24). A ll samples were blinded to researchers from their 
commercia l packaging, .and a s ingle researcher was responsible for sa rnple p reparatio n 
and data analysis. For the analytical analysis, if honey samples were required to be diluted 
based on preliminary analysis and validation, it was completed with warm deionised (DI) 
water ( <50 •c to prevent compound degradation) (24]. An alphabetised coding system was 
developed; however, a detailed list of the honey sru11ples used in this research is included 
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in Supplementary Table S1. Prior to being coded, the honeys were arranged alphabetically 
according to the ir packaging. The honeys were assigned a specific identifica tion le tter, 
ranging from A to AF based on their alphabetic order. These were then used for reporting. 
Additiona Uy, the unblinded honeys were categorised into numerica.1 groups based on 
the information on their front of label packaging; Manuka (in cluding honeys containing 
Manuka) (1), Organic (2), Generic Brand (3), Floral (4), Regional (5), and otherwise unspeci
fied Pu re {6) honeys. Due to purchasing the honey samples from s upermarkets and not the 
original piroducers, no further information about the honeys, including their floral origins, 
was know n. Each honey samp le is reported according to the letter provided to them and 
the nun1erical category they were assigned to. 

2. 2. Cherni cn/s 

Chemicals used in this study included Ethanol, (±)-6-hydroxy-2,5,7,8-tetramethykhro
mane-2-c.>rboxylic acid (Trolox), 2,2-diphenyl-1-picrylhydrazyl (DPPH), 6-n-propyltl,iouracil 
(PROP), Ammonium Acetate, Copper (U) Chloride Dehyd rate, Folin-Ciocalteu Reagent, 
Gallic Add, Neocuprine,. and Sodium Carbonate and were purchased from Sigma-Aldrich 
(Castle Hi ll, Syd ney, Australia). The DI water was prepared using the Mm ipore water 
purification system (Millipore Austra lia, North Ryde, NSW, Australia). 

2.3. PmU'J/ist Characteristics 
2.3.1. Panellist Recruitme nt and Training 

The sensory analysis p rotocol was assessed and app roved by the University of Can
berra Human Research Ethics Committee (UCl-lREC2019165l). ln fom,ed w ritten consent 
was obtained from all pamellists, and procedures adhered to the approved protocol. Panel
Jists were recrui ted (Uniivers ity of Canberra) based on their w illingness to participate as 
representatives of the general population. A to tal of 24 panellists (12 males) were recruited, 
w itl, a mean age of 37.0 ± 10.4 years (range 20-55 yea rs). All assessors were reqwred to 
complete sensory familiarisation training based on previously described proredures [2.5-27J. 

2.3.2. Bitte r Taste Endoph enotype (6-n-Propylthiou racil Test) 

Panellists were requ ired to complete a bitter taste e ndophenotype test using a series 
(n = 7) of known concentr.ations of 6-n-propylthiouracil (PROP) solutions (0.017- 3.20 mmol/ l ). 
The bitterness sensation o f each solution was ranked by panellists using a validated 
and labelred magnitude scale [28J. TI,e panellists responses were classified based on the 
intens ity/ concentration categories as follows: super tasters (li mit: 0.017- 0.056 m mol/L), 
medium taster (limit: 0.180--0.560 mmol/L), and non-taster (limit 1.80-3.20 mmol/L} [28J. 

2 3.3. Honey Cons ump tion Food Frequency Questionnaire 

A five-part honey consumption-specific food frequency questionnaire (Honey-FFQ} 
was used to determine each panellist's honey preferences and consumption habits [12,20]. 
The questions provided details regard ing the panellist's honey consump tion over the 
12 months p rior to the commencement o f the sensory ana lysis. Further information col
lected included the pane llist's utilisation of honey and panellist preferences between boU, 
commercial and non-contmercially available honeys. 

2.4. Honey Serisory Analysis 
2.4.1 . An .>lysis Conditions 

Prior to sensory analysis, paneUists fasted for hvo hours to e nsure that taste perception 
was not affected [17J. Furthermore, panellists were asked to refrain from the use of 
perfumed! toiletries to red uce potential ln terference in the eva luation of the olfactory 
p roperties of the selected honeys. The sensory analysis was performed in a well-lit room, 
where panellists were isolated and were not able to see or be influenced by o ther assessors 
in their session. A max imum o f seven honeys were assessed in one evaluation session 
accord ing to previous recommendations, w ith a 30 min break required following seven 
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honeys [17]. All sessions were completed during the late morning to early afternoon when 
the sensory organs were at their mrudmum capability for honey assessment [17]. 

Panellists were asked to indicate the intens ity of each a ttribute on a 14.5 cm rating 
scale, w here 0 cm rep resented the honey no t possessing the a ttribute and 14.S crn for the 
honey representing the property e ntirely. In between each honey sample tasted, panellists 
consumed a small portion of plain white bread (one slice of bread/panellist/session) and 
several sips of a glass of water to ensure the ir pala te was cleansed with no honey taste 
rema ining for the assessment of subsequent honey samples [17 J. 

2.4.2. Visual, Olfactory, and Taste Characteris tics of Selected Honeys 

Panellists were provided with 40 g of a de-identified honey sample in a 200 mL capac
ity closed glass jar (sample/ volume ratio= 1/ 5) to determine the visual characteristics [15]. 
Panellis ts were asked to evaluate the colour intensity, texture, and the presence of crystalli
sation in the honey samples provided. Furthermore, o lfactory characteristics, including 
odour intensity and odour attributes (OA) (flowery, fruity, waxy, caramelised, acidic, chem
ica l, and fermented), were evaluated for the sa1ne samples iff1mediately after opening the 
sample jars [lSJ. The taste characteristics were evaluated by prov iding panellists with a 5 g 
sample, and they v1rere required to consume a minimurn o f 2 g of the sample using a plastic 
spoon, ensuring the sample covered the tongue to maximise the surface area exposure to 
taste receptors l17J. Panell ists were asked to report perceived rnouthfeel, sarnple aftertaste, 
and specific taste intensities (Tl) (sweetness, sourness, bitterness, and astringency). FinalJy, 
panellists were asked to provide the overall acceptability and likeability, or p reference, 
of each honey based on the o lfactory, v isual, and taste characteristics to assess consumer 
acceptability of the commercially available samp les. Panellists assessed each honey sample 
a single time. 

2.5. A ntioxidam mid Physiaxhemcin/ Charact.eristics of Se/ected Ho1wys 
2.5.1. Antioxidant and Total Phenolic Composition 

The antioxidant scavenging capacity was determined using the 2,2-d iphenyl-1-picrylhy
d razyl (DPPH) assay according to Thaipong e t a l. [29]. The absorbance was measured 
at 515 nm (Multiskan Go, Thermo Scienti fic, Waltham, MA, USA), and the results were 
expressed as millimoles of Trolox e quivalents (TE) per gram of honey (mmol T E/ g) using 
the following equation (Note: MT,olox = 250.29 g / mol) [29]: 

Trolox equivalent = ((1nhibition(%) - ( intercept)/s lope )/ MTrolox) • - 1 

The percentage of inhibition of a ntiox idant activity of the honey samples was deter
mined using the follow ing equation: 

DPPH Inhibition(%)= (1 - (sample Abs/ reagent blank) ) • 100 

The cupric ion reducing capacity (CUPRAC) was determined according to [30]. The 
absorbance was measured at 450 run (Mu.ltiskan Go, Thermo Scientific, USA) and expressed 
as millimoles of Trolox equivalents per gram of honey (mmol TE/ g). 

The total phenolic content (TPC) wasdetennined using the Fotin-Ciocalteur method [31). 
The absorbance was measured at 765 nm (Multiskan Go, Thermo Scienti fic, USA), and the 
results were expressed as milligram Gallic Acid equivalents (GAE) per gram of the sample 
(mg GAE/ g). All assays were completed in trip licate. 

2.5.2. Colou r Ana lysis 

TI1e Jnternational Commission on Lllumination (CLE) L•, a-, b• colour measurements 
of the honey samples were detem,ined by evenly distributing 50 g of each honey sample 
around an 8.5 0 11 diameter clear plastic petri dish [32). These values provide information 
regarding the honey's lightness (L '; 99 = w lute, 0 = black), redness ( +a')/ greenness (- a'), 
and yellowness ( +b')/blueness (- 11') [33J. Measurements were taken (11 = 5) against a white 
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background using a colorimeter (Color Reader CR-20, Konica Minolta, Tokyo, Japan). TI, e 
colour in tens ity (ABS450) of the honey samples was d etermined by d iluting each of the 
samp les to a 500/4 concentration (w/ v) [24J. n,e spectrophotometric absorbance was then 
determined in triplicate a t 450 nm and 720 nm (Multiskan Go, TI,ermo Scientific, USA), 
w ith the difference between the two wavelengths reported as m.AU. 

2.5.3. Physicochemical Properties 

The pH of the und ilu ted honey sam ples was determined using a pH meter (Mettler 
Toledo, Port Melbourne, Australia} [34J. The to tal soluble solids (TSS), expressed as 0 Brix, 
was determined in 50% honey dilutions using a handheld digital refractometer (Opti Brix 
54, Bellingham + Stanley, Kent, UK) [35], mod ifying ior 50% honey d ilutions to allow for 
equipment specifications. The viscosity o/ the und iluted honey samples was expressed 
in pascal seconds (Pas) :and was detem1ined using a v iscometer (Smart Series, Fung iLab, 
Barcelona, Spain) with an R6 spindle a t 5, 10, o r 20 rpms depending on the percentage 
torque of the sample [36]. All samples were ana lysed in triplicate. 

2. 6. Statistical A nnlysis 

Statistical ana lysis was completed us ing IBM SPSS Statis tics version 25 (IBM Corp: 
Armonk, NY, USA). All var iables were assessed ior normality before the analysis was 
cornpleted to detem1ine j f parametric or non-pararnetric rnethods would be required using 
histograms and the Shap iro-Wilk test for normality. The results of the nom, ally d istributed 
variables are reported as the mean ± s tandard deviation, and the not no rmally d istrib uted 
variables are presented as the median (interquartile range). The mean o r med ian were 
utilised in accordance with the d istribution o f e.ad t variable to report the v isual, o lfactory, 
and taste results o f the sensory ana lysis. 1l1e perceived likeabili ty o f ead1 honey sample, 
as detem1.ined by the pa ne llists, was ranked in descending o rder based on their mean 
results. Using this ranked order, a Mann-Whitney U test was comple ted to determine the 
differences between the highest ranked honey and the remaining samples. Finally, due to 
the inclusio n of non-parametric measures, a Kendall's Tau coefficient of correlation was 
utilised to determine the relationships between the sensory analysis data and the in vitro 
laborato,y data. The level of significance was defined asp< 0.05. 

3. Res ults and Discussion 
3.1. Pa11eJ AttriblltRS 
3.1.1 . Panellist's Usual Honey Pre ferences and Cons umptio n Habits 

The findings of the Honey-FFQ identified that the panellists generally consume honey 
"less than once per mo·nth" (33%), "1- 3 times per month" (21°/u), and "once a week" 
(21%). When panellists were asked to select all that apply, the most comm on reasons 
for the consu mption of honey incl uded as a marinade (54%), followed by as a spread 
(50%), as a topping for cereals and yoghurt (46%), a nd in drinks (46%}. In total, 75% 
p urchased the ir ho ney ft-om various commerciaJ s tores, w hich is comparable to previous 
findings in a n Austral ian popLtlatio n where70% o f consumers purchase their honey from 
supermarkets [12]. Con trastingly, when selecting all that apply, 33% also preferred to 
source the ir ho ney from. alten1ative locations, such as farmers markets, w ith 25% only 
choosing honey from these alternative sou rces. 
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When purchasing honei; the panellists identified that price (71%), flavour (67%), and 
product origin (54%) were important factors in the selection of the products. Furthermore, 
79% of panellists did not consider the brand, packaging, and familia rity to be important 
factors when ma king honey purchasing decisions. A s tudy by Kortesniemi e t al. [20] 
reported sim ilar results where the familia rity of honey prod ucts was valued by 21% of 
panellists interviewed (20], with a separate study proposing that the familiarity of honey is 
further associated with the honey preference [37). 

3.1.2. Bitter Taste Endophenotype Evaluation 

It is well established that plant polyphenols can be toxic when consumed due to 
the ir role in plant defen<e mechanisms and, therefore, are detected as bitter in taste to 
d iscourage consumption (38]. Polyphenols are transferred from the nectar and pollen of 
plants into the honey during honey production, resulting in a potentia l bitter taste [39]. 
Individuals may have a genetic predisposition to detect a bitter taste, sud, as that of the 6-
tl-propylthiouracil (PROF') solution [40], which would e nhance the bitter taste experienced 
from honey consumption. TI1e results of the bitter taste endophenotype PROP test [28] 
indicated that 83% of panellists were classified as non-tasters, while 17% classified as 
med ium tasters, with no assessors in this s tudy classifying as s uper tasters. Due to l<M1 
number o f the panellists demonstra ting characteris tics of the bitter taste po lyn,orphism, 
there is insufficient evidence to suggest the detection of bitter taste in the honey sa mp les 
during a sensory ana lysis. 

3.2. Sensory Analysis 
TI1e honey samples were divided into categories based on their front of label packag

ing, a nd the attributes investigated in the sensory analysis are depicted for these grouped 
categories (Figure 1). For the visual characteristics (Figure l a), the colour intensity was 
perceived to be darkest in Manuka honeys (Category 1), with regional honeys (Category 5) 
containing the honeys that had the thickest texture w hen moved around the jar. Crystalli
sation was reported to be low for all categories, suggesting that the reported thick texture 
of the honeys was not d ue to the presence of crystallised sugar in the honey. This could 
potentia lly be attributed to the heat treab11ent p rocesses applied to commercial honeys to 
p revent the resulting crystal fomrntion from a higher sugar-to-water ratio [13]. 

As can be observed in Figure l b, the ind ividual odour attributes were not distinguish
able; hO\'ltever, the chemical sme11 was least detected in these samples, with the fru ity srneU 
being the most distinct. ln contrast, the cxiour intensity was strongly detected across all 
categories, pa rticularly the Manuka category (Category 1). This s uggests that the overall 
odour of honey is the result of a combination of the various assessed odour attributes rather 
than the intensity of any sing le odour. 

The taste (Figure l e) rnost strongly detected in the samples was svveetness, which can 
be attributed to the high s ugar content of honey [2J. While the detection of the other taste 
chai acteristics was low, the aftertaste o f the samples was generally high and, except for 
Generic Brand honey (Category 3), follows a simila r pattern to the reported sweet11ess of 
the samples. Furtherrnore, the reported mouthfeel of the samples v1.ras IO\•V for all categories, 
which can be explained by the absence of crystallisation, as determined by the assessment 
of visual characteristics. 
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Figure 1. lile inea1, values for the honey sc-nsory anaJysis (ho1ll:>y sample n = 32; each sc-.nsory 
p roperty assc~d once). Note: (a) = v isual characteristics; (b) = olfactory characteristics; (c) = tas~ 

characteristics. Tile external numberS rep resent the ho1ley categories wh('re the mean v aJ ue for 
each Sl::!nsory a ttribute based on panellist response (n = 24) is represc-ntOO; 1 = ~fanuka Ho1"-'y; 
2 = Ofb-.a.J\ic Honey; 3 = Generic Bralld Ho1ley; 4 =A ustralian Aoral Honey; 5 = Reb•fr,naJ Ho1"-'y; 

6 = Pure Honey. 1.nl(>roaJ nuJn\x>rS n.1>resent th(' rating scale (cm) of the seJlsory analysis, with t.'ach 
colour repre.s('Oting a different attribute. 
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3.3. Likeability of the Honey Samples 
Panellists were asked to consider the visual, olfactory, a nd taste properties for each 

of the honeys as part of the sensory analysis and report on their perceived likeability and 
preference for each sample (Table 1 ). Overall, large variations in panellist perception were 
obseived for the range of selected honeys. For example, the smallest range observed was 
9.0 cm out of a possible 14.5cm (honey A) with the largest range observed being 14.5 cm 
(honeys M, T, and AB), resulting in no overall consensus for the preference o f any of the 
honeys. Each honey is ranked in descending order in Table 1 based on their calculated 
means, with panellists identifying honey C as being the most (10.6 cm ± 2.84) and honey E 
as being the least (5. 75 cm ± 3. 71) liked. TI, e completion of a Mann-V.%tney U test (Table 1) 
aUov..red for the determination of the differences between honey C and alJ rernaining honeys. 
It was identified that 23 of the remaining 31 honeys were significantly less liked than honey 
C, the most liked honey (p < 0.05). As a nticipated, honeys w ith a higher mean likeability 
were not different from honey C, w ith tl,e exception of honey W (lJ = 196.5, p = 0.059), 
w hich repo rted no difference despite reporting a lower mean likeability than some o f the 
sign ifican tly different honeys. 

Table 1. The perceived coo.sumer likeabiJjty of a range of oommereially avaiJabk> Australian honeys. 

Minimum- M.«intum Diffen>n«' 
Rank Honey (Range) M•.in ± SD u S ignificance 

C' 4.6-14.5 (9. 9) 10.6± 2.84 

2 
,_, 

5.1-14.5 (9.4) 9.39 ± 2.85 224.0 0.187 

3 B6 0.0-14.4 (14.4) 9.28 ± 3.96 235.5 0.279 

4 AE' 3.~ 14.5 (11.2) 9.26± 2.84 208.0 0.099 

5 I' 2.4-14.5 (121) 9.13 ± 3.24 213.5 0.1 24 

6 y> 2.0-14.5 (125) 9.09 ± 3.80 219.0 0.155 

7 /6 0.7-14.5 (13.8) 9.05 ± 3.50 217.5 0.1 46 

8 51 0.8-14.5 (13.7) 8.86 ± 4.01 220.0 0.161 

9 AP 3.~13.7 (10.2) 8.83 ± 2.61 176.5 0.021 .• 

10 D' 2.9-14.5 (11.6) 8.81 ± 2.92 181.0 0.027,. 

11 w• 2.~ 14.2 (1 1.9) 8.70± 3.31 196.5 0.059 

12 v6 1.~14.3 (12.8) 8.48 ± 3.11 179.5 0.025' 

13 H' 2.1-14.5 (12.4) 8.46 ± 3.10 176.5 0.021 • 

14 K5 2.0-14.2 (12.2) 8.38 ± 3.49 178.5 0.024' 

15 AD2 0.0-14.4 (14.4) 8.35 ± 3.67 186.5 0.036 • 

16 a6 0.4-14.4 (14.0) 8.31 ± 3.73 178.0 0.023 • 

17 G' 0.~13.S (13.0) 8.26±3.20 161.0 0 .009,. 

18 X' 1.8-14.4 (12.6) 8.22 ± 3.54 179.5 0.025,. 

19 F4 l.8-14. l (12.3) 8.15 ± 3.60 170.5 0.015 • 

20 L' 1.~ 12.9 (1 1.6) 8.11 ± 3.42 170.0 0.015 ' 

21 Q' 2.2-14.0 (1 1.8) 8.08±3.26 165.0 0.011 • 

22 P' 0.4- 14.1 (13.7) 7.5-1 ± 3.36 137.5 0.002 • 

23 N' 0.0-13.3 (13.3) 7.51 ± 3.80 158.0 0 .007 ,. 

24 A' 3.1-12.1 (9.0) 7.45 ± 2.81 129.5 0.001 • 

25 AA3 1.~ 14.4 (13.1) 7.32 ±3.43 133.0 0.001 .• 
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Tablet. Cont. 

Minimum- Maximum Difference 
Rank Honey (Range) M• an ± S D 

u S ignifican«-

26 ui 0.0-13.0 (13.0) 7.20 ± 3.23 122.5 0.001 .• 

27 l.3 1.2- 12.3 (1 1. 1) 6.90±3.02 110.5 0.000 .. 

28 rt 0.0-14.S (14.S) 6.80±4.60 143.0 0.003 • 

29 Ml 0.0-14.S (14.S) 6.56 ± 4.56 138.0 0.002 • 

30 AC2 0.0-12.0 (12.0) 6.23 ± 3.76 106.5 0.000 • 

31 AB4 0.0-14.S (14.5) 6.12 ± 4.66 133.5 0.001 • 

32 E6 0.0-12.2 (12.2) 5.75 ± 3.71 86.5 o.ooo~ 
Note: 1ne likeability of the honey samples (11 = 32; li~ability assessed a single time) is reported as minimum
maii:imum (range) and mean ::I: standard deviation. lhe superscript next to the honey identification letter 
represenfl'd the allocated group based o n the front of label packaging description of the honey: 1 -= Manuka 
Honey; 2 = Organic Honey;3 = Generic Brand Honey; 4 = 1\ustralian Floral 1-loney;S = Regional Honey; 6 = Pure 
Honey. • Differences are significant at the 0.05 level. 

TI1e large ranges and significant d ifferences in l ikeability of each sample suggest that 
the panellists did not all value the same p roperties of tl1e honey. 1t has been identified 
that a variety o f factors can contribute to consumer p reference of honey, ind uding texture, 
flavour, price, o rigin, and packaging [1S-21J; however, with the exception o f flavour and 
tex ture, th-e current resea rch e xplores addjtional facto rs. bl pa.rticu.lar, the anaJysis o f the 
sensory and in vitro properties of the honeys allowed for the identification of the specific 
factors tha.t could influence consurner choice. 

3.4. Relat ions/tips between Sensory mu/ In Vit ro Cltaracterlstics 
To detem1ine the re·lationships between the sensory characteristics and the in vitro 

antioxidant characleristics and physicochemical properties (Supplementary Table S2), a 
Kendall's Tau correlation was completed. Following the dete rmination of the ranked order 
for the likeability of the samples, the associations with likeability v1rere also assessed, w ith a 
selection oJ the correlations presented in Table 2 (for a comple te table of correlations p lease 
see Supplementa iy Table 53). 

The likeability of the honey samples was only pos itively correlated wi th sweetness 
(T = 0.353, p < 0.01); all ot her associations were negative. These included: ciysta llisa tion 
('T = - 0.260, p < 0.05), odo ur intensity ('T = - 0.297, p < 0.05), the odour attributes of waxy 
('T = -0.255, p < 0.05), chemical ('T = -0.374, p < 0.01), and fermented ('T = - 0.324, p < 0.01), 
mouthfeel. ('T = - 0.288, p < 0.05), afler taste ('T = - 0.435, p < 0.01), the taste a ttributes of 
sourness ("r = - 0.277, p < 0.05) and bitterness ('T = - 0.252, p < 0.05), and pH ('T = - 0.437, 
p <0.01). In a rela tively recent s tudy by Cosmina et al [18), the presence of ciysta ls in 
honey were found to be d isLiked by Italian consumers. In addition, a preference for honeys 
that are more liquid in lex ture has been reported [18,201, s upporting the data collected 
in this analysis. However, the preference for the mo uthfeel o f honey is conflicting in the 
literature, as a study by Murphy et al. [21) reporled a preference for tltick honey. Further, 
there were no associatio ns behveen the perceived Likeabili ty and the in vitro laboratory 
data, excep t for pH. Titis s uggests that these potential health properties did not influence 
the sensory characte ris tics of the honeys reported by panellists in t ltis study. 
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Table 2 k r,dall's Tau correlations betw1ten a sel~ctlon of th~ St!nsory attributes, antioxidant characteristics, physicochemica.l prup<>rt:ies, and th~ price of a ranb~ of ooo\t'Oercially availabl(! 
Australian ho1-.cys. 

C,ysta Uis.:ttion 
Odour 

Mouth.feel Aftertaste Sweetness Bitterness Likeability 
DPPH CUPRAC TPC ABSa, pH AUD/lOOg 

Intensity Inhibition (%) 

Crysta llisation 1 
Odour Intensity 0.135 1 

Mouthirel 0.550° 0.148 
J.\ ftertaste -0.039 0.256 ' -0.00! 1 
Sv.·eet:ness -0.176 -0.218 -0.104 -0.260 • 1 
Bitterness 0.289' 0.262 .. 0.221 0.203 -0.271 ' 
Likeability -0.260 ... -o.2w ♦ -0.288' -0.435- 0.353"" -0.252 • 

Dm-1 
-0.162 0.059 -O.lJ17 Q379 ' -Cl059 0.028 -0.202 Inhibition{%) 

CUPRAC -Q125 0.276 · -0.~9 Q315 ' -Q13t 0.118 --0.177 0.476 " 
TPC -Q141 0.147 -OJJ17 0.234 -Q042 0.057 -0.105 0.468 " 0.677 H 

ABS.,. -Q1 13 0.1 39 -0.012 0.290' 0.006 0.061 -0.097 0.500 " 0.556" 0.573 ° 
pH 0.181 0.415 .. ~ 0.165 0.311 • -0.224 0.149 -0.437 ° 0.169 0,339 H 0.270 ' 0.209 1 

AUD/ l OOg -0.025 0.137 0.157 0.193 -Q187 0.254' -0.184 0.111 0.271 • Q316 ' 0 .225 0.155 

Note Honey sample 11 =- 32. Senso,y properties assessed a s ingle time, and laboratory data assessed in triplica te. "Correlation is signifi<ant at the 0.01 le,.,e~ .. Correlation is significant a t the O.ffi level. 
correlatio ns in Supplementary File 53. 

Further 
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In the current study, the price of honey (AUD/1()() g) was not associated with the 
likeability (p = 0.143), re, .. ealing that when the p rice is unknown to consumers, commer
cially avai lable honeys are perceived as equal. 1.n a s uf\fey o f Australian consumers that 
investigated participant behavio urs towards honey products, the price value of honey was 
reported to s igriificantly contribute to their honey selection (12], which is a lso supported 
by further s tudies [19,21 J. The panellists in the current s tudy did not know the value of 
each sarnp le as they assessed them, and therefore, the price va]ue of the sa .. mples couJd not 
be considered a bias towa rds the panellist's overall perception of the honeys. In terestingly, 
the price of honey was positively associated with CUPRAC ('< = 0.271; p <0.05) and TPC 
('< = 0.316, p < 0.05), suggesting that honeys with a higher price contain higher amounts of 
the antioxidant-displaying compounds. 

The perceived sweetness, w hich was associated with likeability, was inversely related 
to the bitter ('< = - 0.271, p < 0.05) and sour ('<= - 0.385, p < 0.01) tastes an d a honey's 
aftertaste('< = - 0.260, p < 0.05), which were all also negatively associated with the likeability, 
highlighting how important the panellists considered this taste characteristic to be. A sweet 
taste in food is common1Jy associated w ith its sugar content, with soluble solids a lso 
generally being correlated with sugar [2 J, and soluble solids comprising 80% of the sugar 
content [41]. Despi te tl1 i:s, the perceived sweet taste of the samples in this study was 
inversely associated wi th the TSS ('< = - 0.315; p < 0.05). 

3.5. Li111itati011s mu/ F11ture- Directions 

A limitation of this study is that an analysis of the sugar composition of the honey sam
p les was not completed. Determining the proportions of s ugars, pa rticularly the fructose 
content, could have s upported the observed association between the likeability of honey 
and the perceived sweeh'1ess. Addjtionally, the honey sensory ana]ysis was only comp leted 
once by the pane ll ists. Whi le all panellists were trained in this analysis, a reassessment 
of some of the samples would have allowed for the confirmation of the panellist's resul ts. 
Furthermore, the techn iques used for some o f the labo ra to ry analysis cou.Jd contribute 
to a lim itation of the research. This includes the quantification o f the pheno lic content 
and antioxidant characteristics in this s tudy being comp leted spectrophotometricallr This 
technology has an inability to provide detailed compositional data and can detect d ifferent 
compounds p resent at the same waveleng th, resulting in the potential and inaccurate 
content overestimation [42J. 

The results acquired. in this s tudy can potentially be used to info rm consumer com
mercial honey selection, particularly through the observed negative associations w ith the 
perceived likeability. For exam ple, the dislike of the crystallisation could inform retailers 
that the ir honey may not be selected for a purchase in compa rison to non-crystallised 
types. These negative associations could potentially drive consumer purchasing decisions 
in oppositio n o f the selection of these honeys in comparison to the likeabili ty o f sweet
ness encouraging honey selection. This research was explo ratory in nature. Therefore, 
future research should focus on completing the honey likeability assessment with a larger 
popula tio n size to be able to confirm the current likeability conclusions. Additio nally, 
there should be a focus on investigating further in fluences on consumer honey selection, 
including the influence o f packaging and product o rigin. It should also examine cons umer 
understanding of the potential medicinal benefits of honey and if this know ledge would 
influence honey p urchasing decisions. 

4. Co nclusions 

The p resent s tudy identi fied some of the organoleptic and p hysical influences on 
the perceived cons umer likabil ity of a range of commercia lly available A ustralian honeys. 
\IVhile the sweetness o f honey was positively associated w ith the l ikeability, a greater range 
o f visual, olfactmy, and taste a ttributes, in addition to honey's pH, w ere identified to be 
inversely correlated, w hich cou ld potentially d rive consumer purchasing decisions. In ter
estingly, neither the antiox idant p rofile no r retail p rice had an influence o n the consumer 
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perception of the honey sam p les, w hich could be due to the blinded nature of the study 
design and s hould be investigated further. Further, the differences observed between the 
likeability of the honey sam ples also demonstrate that commercial Australian honeys are 
not perceived to be equally preferred by the sample population of Australian consumers. 
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Appendix 4b. Supplementary files 

Supplementary Table S1. Description of the selected commercially available Australian 

honeys.  

Honey ID Brand Category 

A4 Allowrie: Mixed Blossom Honey Australian Floral Honey 

B6 Archibald’s: Pure Honey Pure Honey 

C4 Beechworth Honey: Black Box Honey Australian Floral Honey 

D5 Beechworth Honey: Bush Honey Regional Honey 

E6 Beechworth Honey: Honey and Honeycomb Pure Honey 

F4 Beechworth Honey: Macadamia Honey Australian Floral Honey 

G5 Beechworth Honey: Mountain Honey Regional Honey 

H4 Beechworth Honey: Orange Blossom Honey Australian Floral Honey 

I5 Beechworth Honey: Outback Honey Regional Honey 

J6 Beechworth Honey: Pure Honey Pure Honey 

K5 Beechworth Honey: River Honey Regional Honey 

L3 Black and Gold: Pure Honey Generic Brand Honey 

M1 Bramwells: Manuka Honey M30+ Manuka Honey 

N4 Bramwells: Mixed Blossom Honey Australian Floral Honey 

O6 Bramwells: Pure Honey Pure Honey 

P5 Byron Bay Honey: n.s. Regional Honey 

Q1 Capilano: ‘Beeotic’ Prebiotic Honey Manuka Honey 

R1 Capilano: Manuka Honey Manuka Honey 

S1 Capilano: Manuka 5+ Active Honey Manuka Honey 

T1 Capilano: Manuka 10+ Active Honey Manuka Honey 

U1 Capilano: Manuka 15+ Active Honey Manuka Honey 

V6 Capilano: Pure Honey Pure Honey 

W4 Capilano: Yellow Box Honey Australian Floral Honey 

X3 Coles: Pure Honey Generic Brand Honey 

Y3 Coles: Red Gum Honey Generic Brand Honey 

Z3 Coles: White Box Honey Generic Brand Honey 

AA3 Dick Smith: ‘OzE’ Honey Generic Brand Honey 

AB4 Golden Nectar: Leatherwood Honey Australian Floral Honey 

AC2 Macro: Organic Honey Organic Honey 

AD2 Pure Harvest: Organic Honey Organic Honey 

AE3 Select: Pure Blend Honey Generic Brand Honey 

AF3 Select: Yellow Box Honey Generic Brand Honey 

Note: n.s. – not specified. Superscripts next to the honey identification letter are related to the 

front of label description category of the honey; 1 = Manuka Honey; 2 = Organic Honey; 

3 = Generic Brand Honey; 4 = Australian Floral Honey; 5 = Regional Honey; 6 = Pure Honey.  
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Supplementary Table S2. The antioxidant (DPPH %Inhibition, DPPH, CUPRAC), phenolic (TPC), colour (Colour intensity (ABS450), L*, a*, 

b*), and physicochemical (pH, TSS, viscosity) composition of a range of commercially available Australian honeys.  

Honey 

ID 

DPPH 

(mmol 

TE) 

DPPH % 

Inhibition 

CUPRAC 

(mmol 

TE)a 

TPC (mg 

GAE)a 

Colour 

Intensity 

ABS450 

(mAU)a 

L*a a* b*a pHa TSS 

(°Brix) 

Viscosity 

(Pa s)a 

A4 0.416 ± 

0.029 

40.6 ± 

2.73 

12.2 

(0.643) 

0.444 

(0.056) 

467 

(2.90) 

23.8 

(1.90) 

6.74 ± 

0.666 

15.1 

(2.60) 

4.26 

(0.110) 

59.3 ± 

0.115 

45.7 

(10.2)† 

B6 0.378 ± 

0.017 

36.9 ± 

1.67 

13.0 

(0.387) 

0.454 

(0.002) 

388 

(10.9) 

18.4 

(3.30) 

3.58 ± 

0.593 

8.80 

(2.25) 

3.92 

(0.220) 

58.2 ± 

0.001 

48.0 

(1.14)† 

C4 0.527 ± 

0.016 

51.2 ± 

1.51 

12.4 

(0.379) 

0.452 

(0.014) 

492 

(13.7) 

16.6 

(0.900) 

4.24 ± 

0.114 

11.6 

(1.30) 

3.86 

(0.060) 

59.3 ± 

0.115 

60.8 

(1.40)† 

D5 0.459 ± 

0.038 

44.7 ± 

3.68 

14.5 

(1.83) 

0.472 

(0.050) 

387 

(4.90) 

16.7 

(1.35) 

3.46 ± 

0.134 

10.9 

(1.95) 

3.93 

(0.060) 

58.9 ± 

0.115 

34.4 

(0.772)† 

E6 0.328 ± 

0.020 

32.1 ± 

1.92 

11.3 

(0.449) 

0.374 

(0.018) 

241 

(5.30) 

20.0 

(2.15) 

0.980 ± 

0.327 

11.0 

(2.55) 

3.98 

(0.090) 

58.6 ± 

0.200 

40.3 

(0.996)† 

F4 0.315 ± 

0.021 

30.8 ± 

2.03 

14.4 

(0.803) 

0.456 

(0.037) 

431 

(27.1) 

16.8 

(0.700) 

4.24 ± 

0.344 

11.4 

(1.60) 

4.14 

(0.120) 

60.2 ± 

0.001 

76.4 

(2.14)† 

G5 0.464 ± 

0.046 

45.1 ± 

4.41 

14.2 

(0.656) 

0.464 

(0.017) 

486 

(13.3) 

17.0 

(4.35) 

5.70 ± 

0.640 

13.6 

(5.05) 

3.99 

(0.320) 

57.7 ± 

0.115 

20.1 

(1.57)†† 

H4 0.242 ± 

0.020 

23.9 ± 

1.94 

8.28 

(1.31) 

0.380 

(0.024) 

303 

(8.90) 

17.2 

(2.90) 

2.98 ± 

0.370 

9.20 

(2.85) 

3.87 

(0.070) 

59.2 ± 

0.001 

42.7 

(1.13)† 



Appendix 4 

339 

I5 0.324 ± 

0.030 

31.7 ± 

2.85 

11.3 

(0.159) 

0.375 

(0.021) 

261 

(4.00) 

22.6 

(0.850) 

1.98 ± 

0.455 

13.3 

(2.90) 

3.95 

(0.190) 

56.8 ± 

0.001 

18.7 

(2.25)†† 

J6 0.515 ± 

0.038 

50.0 ± 

3.68 

16.8 

(0.685) 

0.584 

(0.011) 

802 

(28.3) 

12.8 

(1.05) 

5.50 ± 

0.212 

6.20 

(0.900) 

4.13 

(0.050) 

58.4 ± 

0.001 

26.6 

(1.60)†† 

K5 0.412 ± 

0.073 

40.2 ± 

7.01 

11.5 

(0.190) 

0.406 

(0.024) 

506 

(16.4) 

15.2 

(1.50) 

4.60 ± 

0.412 

10.2 

(1.65) 

3.89 

(0.220) 

58.4 ± 

0.001 

ND 

L3 0.466 ± 

0.028 

45.3 ± 

2.66 

14.8 

(0.863) 

0.468 

(0.052) 

741 

(42.1) 

13.3 

(0.700) 

5.66 ± 

0.230 

7.80 

(0.750) 

4.24 

(0.010) 

56.8 ± 

0.001 

20.5 

(2.13)†† 

M1 0.594 ± 

0.047 

57.6 ± 

4.50 

19.8 

(0.803) 

0.549 

(0.006) 

634 

(29.8) 

33.6 

(0.800) 

7.90 ± 

0.212 

24.7 

(0.400) 

4.35 

(0.070) 

57.4 ± 

0.001 

158 

(1.32)† 

N4 0.423 ± 

0.034 

41.2 ± 

3.23 

13.8 

(0.896) 

0.444 

(0.023) 

519 

(16.6) 

20.6 

(1.60) 

6.44 ± 

0.351 

16.7 

(3.10) 

4.43 

(0.170) 

58.5 ± 

0.115 

11.0 

(0.275)††† 

O6 0.379 ± 

0.047 

37.0 ± 

4.54 

12.1 

(0.335) 

0.387 

(0.036) 

303 

(6.70) 

17.8 

(1.70) 

3.06 ± 

0.586 

11.7 

(1.30) 

3.96 

(0.110) 

59.1 ± 

0.115 

ND 

P5 0.422 ± 

0.052 

41.1 ± 

4.98 

13.2 

(0.931) 

0.450 

(0.004) 

623 

(9.60) 

13.5 

(0.550) 

4.58 ± 

0.084 

7.60 

(0.400) 

4.01 

(0.100) 

57.8 ± 

0.001 

24.1 

(1.70)†† 

Q1 0.465 ± 

0.016 

45.3 ± 

1.54 

15.3 

(1.48) 

0.604 

(0.124) 

782 

(27.5) 

12.8 

(1.15) 

5.82 ± 

0.653 

6.70 

(1.80) 

4.05 

(0.050) 

56.6 ± 

0.001 

18.8 

(0.661)†† 

R1 0.373 ± 

0.049 

36.4 ± 

4.67 

12.6 

(1.21) 

0.441 

(0.008) 

439 

(12.7) 

17.5 

(0.600) 

3.84 ± 

0.422 

13.6 

(1.20) 

4.31 

(0.160) 

56.3 ± 

0.115 

27.5 

(0.303)†† 

S1 0.391 ± 

0.014 

38.2 ± 

1.34 

16.4 

(0.457) 

0.563 

(0.050) 

905 

(77.5) 

13.3 

(2.00) 

5.96 ± 

0.780 

7.20 

(4.25) 

4.12 

(0.060) 

57.7 ± 

0.115 

19.7 

(0.841)†† 
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T1 0.713 ± 

0.041 

69.0 ± 

3.97 

21.8 

(1.36) 

0.663 

(0.078) 

1196 

(42.9) 

11.7 

(0.800) 

5.66 ± 

0.537 

5.30 

(0.800) 

4.14 

(0.210) 

57.7 ± 

0.115 

20.9 

(1.16)†† 

U1 0.496 ± 

0.019 

48.2 ± 

1.79 

15.5 

(0.792) 

0.453 

(0.025) 

676 

(43.1) 

15.4 

(1.60) 

7.50 ± 

0.436 

10.9 

(2.60) 

4.12 

(0.060) 

57.7 ± 

0.115 

22.3 

(1.11)†† 

V6 0.360 ± 

0.031 

35.2 ± 

2.98 

11.5 

(0.447) 

0.309 

(0.125) 

432 

(19.6) 

14.7 

(1.05) 

4.14 ± 

0.716 

9.50 

(2.10) 

3.98 

(0.110) 

55.8 ± 

0.001 

21.6 

(1.19)†† 

W4 0.419 ± 

0.008 

40.8 ± 

0.81 

11.8 

(1.13) 

0.427 

(0.020) 

529 

(3.50) 

17.8 

(1.40) 

6.56 ± 

0.195 

14.2 

(2.85) 

3.98 

(0.270) 

55.3 ± 

0.115 

29.5 

(0.457)†† 

X3 0.207 ± 

0.045 

20.5 ± 

4.32 

13.0 

(0.428) 

0.489 

(0.045) 

478 

(21.6) 

16.6 

(2.90) 

3.68 ± 

0.804 

10.3 

(3.70) 

4.32 

(0.150) 

56.6 ± 

0.001 

24.2 

(3.10)†† 

Y3 0.401 ± 

0.021 

39.2 ± 

1.97 

14.1 

(0.751) 

0.442 

(0.013) 

471 

(26.6) 

16.4 

(2.95) 

3.62 ± 

0.295 

8.30 

(1.15) 

3.74 

(0.020) 

58.3 ± 

0.306 

19.9 

(1.81)†† 

Z3 0.439 ± 

0.076 

42.8 ± 

7.30 

11.4 

(1.32) 

0.442 

(0.031) 

382 

(12.1) 

17.7 

(3.05) 

2.96 ± 

0.750 

10.7 

(3.25) 

4.18 

(0.200) 

57.4 ± 

0.001 

30.7 

(1.66)†† 

AA3 0.545 ± 

0.058 

52.9 ± 

5.51 

14.2 

(0.757) 

0.495 

(0.037) 

560 

(29.4) 

15.5 

(0.700) 

4.96 ± 

0.555 

9.30 

(1.20) 

4.17 

(0.230) 

57.4 ± 

0.001 

25.9 

(0.993)†† 

AB4 0.596 ± 

0.046 

57.8 ± 

4.38 

15.8 

(0.552) 

0.483 

(0.044) 

576 

(20.0) 

15.8 

(1.50) 

5.34 ± 

0.477 

11.1 

(2.45) 

4.60 

(0.200) 

58.2 ± 

0.001 

41.7 

(2.15)† 

AC2 0.438 ± 

0.043 

42.7 ± 

4.12 

13.2 

(0.201) 

0.441 

(0.049) 

473 

(16.9) 

16.3 

(3.70) 

4.40 ± 

0.324 

7.70 

(3.45) 

4.12 

(0.190) 

57.9 ± 

0.115 

16.8 

(0.776)†† 

AD2 0.600 ± 

0.088 

58.1 ± 

8.46 

16.0 

(1.10) 

0.519 

(0.211) 

814 

(38.9) 

13.0 

(1.35) 

7.36 ± 

1.78 

8.00 

(2.00) 

4.07 

(0.150) 

56.2 ± 

0.001 

33.0 

(2.19)† 
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AE3 0.427 ± 

0.098 

41.6 ± 

9.40 

8.51 

(0.368) 

0.344 

(0.025) 

339 

(4.50) 

16.8 

(4.70) 

2.30 ± 

0.596 

10.6 

(4.65) 

3.82 

(0.160) 

56.6 ± 

0.001 

ND 

AF3 0.502 ± 

0.009 

48.8 ± 

0.83 

12.2 

(1.11) 

0.493 

(0.063) 

890 

(5.50) 

12.6 

(0.850) 

6.02 ± 

0.205 

6.30 

(0.500) 

3.81 

(0.050) 

57.2 ± 

0.001 

22.6 

(1.27)†† 

Note: All methods were completed in triplicate for each sample, except for L*, a*, b*, which was completed in quintuplicate. Normally distributed 

variables are presented as mean ± standard deviation, and not normally distributed variables, identified by ‘a’, are reported as median (interquartile 

range). Superscripts next to the honey identification letter are related to the front of label description category of the honey; 1 = Manuka Honey; 

2 = Organic Honey; 3 = Generic Brand Honey; 4 = Australian Floral Honey; 5 = Regional Honey; 6 = Pure Honey. ND = No Data (due to 

insufficient sample volume). † = 5rpm; †† = 10rpm; ††† = 20rpm.  
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Supplementary Table S3. Kendall’s Tau correlations between the sensory attributes, antioxidant characteristics, colour, physicochemical 

properties, and price for a range of commercially available Australian honeys. Full size table available at: DOI: 10.3390/foods10081842.  
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Appendix 4c. Graphical abstract 

Created with BioRender (https://biorender.com) 
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Appendix 4d. University of Canberra Human Ethics Committee 

approval 

 

 

 

 

  

0 donotrep'y@-nfonet·ca.net 

fat 29/01/2019 «a PM 

To: M~.Hunt11r- NoMitdh&J!'r'l0Y5JQ: D nti.Kellett 
Cc: l..fu<mn Emil:< CorrvMl:M 

Dear Maddy 

The Human Research Ethics Committee has considered your application lo conduct research with human subjects for the pro;ect ~1651 - Senso,y analysis of convnerdaly avaHable honey" 

The Committee made the fonowing evaJuatioo. Approved 

The approval is vaHd untf: 10l12/2019 

The fOIIOwing general cooditions apply to your approval. These reQUirements are determined by University poliCy and the National Statement on Elhical Conduct in Human Research (Nabonal Health and Medical Researeh Counal, 2007) 

Monitoring 

You must assist the Committee lo monitor the conduct of approved research by completing project review forms, and in the case of extended research, at least aooually during the approval period. 

Reporting Adverse Events 
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K.,,.'Of'th: 
A~ t111lia.n oommt:rr.i:d honey 

BiOJKlrive 
Antioxidlinl 
.'1.ntibKlni;d 
Phy,.iccdlcmic:al 

Honey i0, ,. : upcr;Murl..ecd wgu ; olution p:oduce-d &om ph,nt m-ct u . wiffi iu com.po:,.icion influenced by 
g,:ogupbic ,.n,J tlonl. Qri$in;, ~ d with :eve:-,.! ptoputie; contributing eo it.: b ult:h•r~!l..te-d ;,.bilitie:-. Thi.:, .:-.,idy 
~ d to d «~mtir.c dn b.iOMti .. ·e compoci-ttou,. ~tioxidl.lU ch.ul.Ctui;tic;, l.ntib.lct6i~ :ictivity, l."id phydco· 

ch emic:,,! propcrtie:· of comr.tucill Awtnli~ honey.:,➔ la toul, 42 commc.rci.11 Au.:u-l.!.i.l."i loney;, wc:c :elected, 
.lltd otcgo:ri.::cd u -cording: to &on t•b hd de:«iptior.:,. Hol'.t:y: wee ;,,n~p ed: q,u.,Jii:y (Hydroxyrned1.ylfu:rfuul.); 

co!ou1 (-colour inte:n:it y, L",o: ·,~"}; biol.CtWc compo:icion (phenolic, il:i.vonoid, .lnJ cuote.noid cor.ter.t); l.nti· 
ox-.id :uu ch ~uctc:i:tic: CDPPH, CUPP.AC, PRAP); U1tib.luaisi l.Cti,..ity (~UCso); phy ,ico-cbcmiul prope.rtie:, ( p H, 

J.:;$, v~ocity, O:w), Colour intcn~ty coneh teJ with nd:: l..:~e:;ed b.iOKtive compo=d :i.nd :,,ntioxiihnt chu• 
l.Ctcri;tic (;, $ 0 .001). -~tfCs-o CS. o:w-eu:.) w-H l..::oci~to:d with PRA.P l."ld a.,., :uggc:ting mech:i.ni.::m; of l.Ction for 
bo:.cy •G l.tlcih:ictc:tU sctivity. Ml."iu.h~typc honey" bl.d hi.!hct -colour intcmity ( 144-0 (9S.5) mAU) th.ln othe: 

utegori~ (.p $ 0 .0 5)~ ;,,nd com~te.ntly high.er bio,:m.ive .lnd l.r.ti.oici<l~t proputic:. Thk p:-o-.<iJe:, the potenti3.! to 
inform l.ntiox-.iW.m•rc~tcd hcslth outcOJ:.tc;. 

1, 1n crod uctton 

Honey is us-eel as a food source and for medicinal purpos~ across a 
varie ty of different cultures (Hunter et al., 2020; Mandal and Manda!, 
201 1), and is produced as a combination of nectars and ~ salivary 
se-cretio~ {Code.x Alimentarius, 2001). Honey is a super::aturated sug.u 
solution consisting predominantly of fructose {~3S%) and glucose 
{~3 1%) (Pascual-Mate et al, 201S), and a variety of over 200 other 
substances {da Silva et al., 2016). An array of these compound:. are 

considered antioxidants, including phenols, flavonoids, carotenoids, and 
other enzymatic and non-en:z.ymatic compounds (Bueno-Co:.t.1 ec al., 
2016; da Silva et al., 2016). Honey·s composition,. including antioxidant 

content, is dependent on its floral source a nd geographic orEgiru: 
{Kavanagh et al, 2019; Liu et al., 2013), which also influence the 
appearance of honey·s physicoc.hemical properties {Garcia et al , 2020). 

The in vitro physiological and health-re.lated benefits of som.e of 
honey's compound: are well established (Bogdanov et al., 2008). The 

effects include honey•s antioxidant activity, which can be attributed to 
honey's composition, includins its bioactive compounds {Naumo\·ski. 
20 I 5). Honey': antioxidant compounds can reduce the effect: of 

oxidative reaction:, suc.h at reducing cellular damage caused by free 
r adical production in 1'10-0 (Liu et al, 2013). Additionally, the bioactive 
compounds, notably phenols, ha\•e been demonstrated to contribute to 
the antibacterial activity of honey {Combarr.os.--Fuertes etaL, 2020) . The 

antibacterial properties of honey can also be ataibuted to it: physic-o
chemkal properties, such a: pH and osmoiarity {Combarros-Fuert~ 
et al., 2020J, and compounds toxic to bacterial cells fn: vitro, including 
bydroeen peroxide, and metbylglyoxaJ in Manuka honey {Bang et al., 
2003; Deng et al., 2018). Honey is als>O associated with decreases in 
intlammation in l'iuo through the simultaneous effects of i~ antioxid ant 
and antibacterial properties (Rui:.-Ruh et al, 201 n. 

In Australia, honey is roJd as a pure product and must not contain 
additional substances, inducting added sugars {Food Standards Australia 
New Zealand, 2015) . Commercial honeys are subjected to heating {4S °'C 

4 Corte:pondine l.utl:.or. Di.::d pline of Nutrition snd Dkte-ti.c:~, Pu·u!ry o.f Hu!th., Unive~ty of C.mbcul., Bruce, ACT, 2617, Au:crsl.i,, , 
E·moil o:ddn~~ r1u.d dy.huntc:@c~~cJu..l.u (M. Hw:iecr). 
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Av1il.:ibic on!inc 12Au.gu:t 2021 
2665·9271/ Crown Copyright Q 2021 Publi:hcd by a!;evic: !5.V. Thi; ~- l.:!. o pen l.C<e: e Wcle unde: the CC BY•NC-ND liceme 
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for 8 h) (Chen et al..,. 2012) and ftlcration, w bieh contributes to main

taining product quality and consistency CKortemie.m.i et al., 201 S). 
HO\ve\•er, commercial treatments have potential to negatively alter 
honey's physical properties, in addi tion to its antibacterial potential 
(Chen et al, 2012). Further, as some antioxidants degrade during 
thermal processing (MWlialo et al, 2019), potential al terations to honey 
antioxidant quality may also occur. However contradictory ev;dence 

identifies that a ppropriate proce~ ing methods can increaoe honey's 
total antioxidant activity (~che et al., 2014). 

The bioactive, antioxidant, antibacterial, and physicochemical 
properties of different types of honey have previously been describ.ed in 
literature, considering their locations and botanic origins (BodO et al., 
2020; o=.usan et al.j 2020). However , the a nalysis of Aw::ualian ,com

mercial h oneys is relatively unexplored (Aaz.~ et al., 2014~ Seretta 
et al.. '.?O0S~ Saxena et al., 2010). ln Australia, commercial honey: 
represent a considerable market proportion, with 70% of honeys 
reportedly purcbzed in supennarke ts (Bau and Liu, 2012). To the best 

of our knowledge, there are no publlihed studies examining the bioac
tive, antioxidant, antibacterial, and physicoche mical properties of 
honeys of th.is cype. Therefore, this srudy aimed to d etermine the 
bioactive composi tion, antioxidant characteristics, antibacterial activ
i ty, and physicochemical properties of a relatively large celection of 
commercially available Australian honeys. 

2 , M:ueda ls and methods 

2.1. Chcmfoals and no,zenc 

All chemicals u~d were of analytical grade. Ethanol, Me thanol, 
(::) -6•hydroxy-2,S,7,3-tetrame thylchromane -2-carboxylic acid ( Tro• 
lox), 2,2-Diphenyl-1-picrylhydrazyl (DPPH), 2,4,6-tri:(2-pyridyl)-s
triazine (TPTZ), Acetone, Aluminium Chloride, Ammonium Ace tate, 
Catechin, Copper {D) Chloride Dehydr ate, Ferric Chloride, Fotin
Ciocalteur Reagent, Gallic Acid, Glacial Acetic Acid, Hexane, Hydro
chloric- Acid, Neocuprine, Pocas:sium Hexacyanoferrate (U), Sodium 
Acetate Trihydrate, Sodium Carbonate, Sodium Hydrogen Sulphite, 
Sodium Hydroxide, Sodiu·m Nitrate, and Zinc Ace tate were purch a:ed 
from Sigma-Aldrich (C<l$tle Hill, Sydney, Australia). Nutrient Agar 
Plates and Nutrient Broth were purchased from Thermo fi'Wier Scien tific 
(Tbebarton, South Australia, Ausualia). Deionised (DI) water was 
collected following purifteation (Millipore Australia, North Ryde, NSW), 
w ith a resistivity higher than 18 lvtQcm .. 1• 

2.2. Samples 

Honey samples (n = 42) were purchased in 20 17 from cha.in super
marke ts (A!dil', ColeS'll, Independent Groce rs Aus:cralia'll,. Wool• 
wonh.s~) aero::. the Australian Capital Territory and surrounding 
regions based on availability at time of purc hase. All samples were 
s tored in darluless at room tem perature (26 = 3 ° C) as per B&etta et aL 
(2005). Honeys were then sorted alphabetically and assigned an ~den 
tiflcation letter ranging from A to AP for reporting. Limited infonnation 

regarding the Horal and geographic-al originz of the commercial honeys 
were provided on the label, except for stating the honeys were of 

Au:tralian origin. As these honey samples we.re purchased direcdy from 
supennarket recai.lers, only the infonnation provided on the labe.b was 
available for use. Howe ver, from the front-label packaging information 
pro\rided, the samples w ere categorised a:: ()) M.anuka (including 
honey: stated to contain Manuka) honey, (2 ) Organic honey, (3) Generic 
Brand honey, { 4) honeys with s-pecifted Flora l origins, (S) honeys from a 
speciftc Region of Ausu alla, and (6) Pure (othen 'lise unspecified ) 
honeys. 

2.3 . Prrporation of s:ampks 

Honeys were d iluted wi th D[ water to predetennined concentrations, 

S..13 

Otm:nt Rr.'lfflmlUI' F'ocd$c:r.nt.c: ◄ (2'J2J) 532-542 

with values eom•erted to 100% concencratiom fo llo"'-ing analysis. 
Diluted samples: were .sonicated (FXP4, Ul trasonic: Australia, Brookvale, 
NS\V) on the highest sonication power until a dear, sedimen t-free so• 
lotion was obtained (Beretta et al., 2005). This a llowed for the pro
duction of an evenly dfotributed honey-water solution. Samples did not 
exceed SO "C to prevent potential temper ature-related degradations of 
bioactive compounds (Beretta et al., 2005). 

2.4. Honey quality analysis 

The Hydroxymethylfurfura l (HMP) content of the honeys was 
d etermined following the White method (White, 1979). A clarified 

honey sample was compared to a reference ctandard in which HMF 
molecules were destroyed by Sodium Bisulphate (0.2% w/ v). Both 
samples were measured s:pec-tropbotome trically (GeneQua.nt 1300, GB 

Healthcare, SiJverwater, NSW, Australia) at 284 run and 336 nm against 
a OJ water blank, wi th HMF content reported in mg/kg of honey, and 
d etennined by the following: 

HMF (mx / IOOg ef /tooq}= ((Abl':lM - .4.bs_m) * Pactor) / W 

(Note: W = weight of.sample (grams); Factor = (126• 100*1000*100)/ 
(1 6830""1000) = 74.97 (12.6 = honey molecular weight; 16830 = molar 
absorptivity of Hfl.1F a t 294 run) ( White. 1979)). 

2.5. Bioac.riYe comp~ition 

2.5. I. Toro.l phenolic conrcnr 
Total phenolic- content (TPC) was d etennined using the Folin• 

Cioc-alteur me thod (KahkOllen Et al, 1999) in triplicate, modifying for 
honey analysis. Absorbance was measured at 765 run aga..LMt a OJ water 
blank, using a UV spectrophotometer (Multid..an Go, Thermo Scienciitc-, 
MA, USA). Results were expressed as milligram Gallic Ac id equivalents 
(GAE) per gram of honey (mg GAB/ g_). 

2 .5.2 . Tocol ftavonoid conttnl 
Total tlavonoid content (TFC) was determined according to Wu and 

Ng (2003) . The a bsorbance was measured at SJ 0 nm against a Dl water 
blank (Multi:kan Go, Tbenno Scientific, MA, USA), with results 
expres::ed as-microgram Catechin equivalents (CE) per gram of honey 
(µg CB/g). 

2 .5.3. Carotenoid conunr (jkarottnc and lycopcnc) 
Carotenoid equivalents were determined using a modif:led ver-v-ion of 

the method described by Ferreira et al. (2009). lnirially, 2 mL of each 
50% (w/v) honey sample was combined with 10 ml hexane•acetone 
mixture (6:4)~ sonicated immediately for 10 min, and fil tered (What
man No. l fl.teer paper). Absorbance was determined spectrophotomet• 

ricaUy (Nova.spec Plus, Vfoible Spectrophotometer, Amersham 
Biosciences~ UK) a t 453 nm, 505 nm~ and 663 nm a gain.st a Dl water 
blank. The eoncenuations· of p.carotene CP-CE) and lycopene (l.E) 
eq·ui ,;alents wer e detennined using the following equatiom, with results 
expres::ed as milligram of carotenoid per kilogram of honey (ms 
~-CE/ke; mg LB/kg). 

P - au1>k1u.- (mg / IOOmL) = 0.216".Abs66.} - 0.304'Ab~ ~ 0A S2'Abs4)3 

l.,y,:O~lltt (mg/ 100ml = 0.0458*Ab"6J ..:.0 .372 '&Abs~~+0.452 • Abs4» 

2 .6. Antioxidanr characttristkj 

2 .6.1. 2,2-Di(>hcnyl-1-piaylhydrazyl (DPPHJ assay 
The antioxidant radical scavenging capacity was me asured using the 

DPPH assay according to Tha.ipong et al (2006), with modif:lcations 
according to honey analysis. Absorbance was measur ed in triplicate a.t 
5 ts run (Multiskan Go, lbenno Scientif:lc, MA, USA). RecuJts were 
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expr~sed as m.illimol~ of Trolox equivalent: CTB) per gram of honey 
(mmol TE/g) using the fo llowing (note: M'l'r'nlox = 250.29 g/mol) 
(Thaipong et al., 2006): 

Tr,:,/0'( <quival~nl = ((fohibititni(%} - (inrert:~P') /,folk)/ l•fr,.)* - I 

The percentage of inhibition of antioxidant ac: th,icy was detenn.iued 
as follows: 

2.6.2 . Cupric reducing antioxidant capacizy (CUPRAC) assay 
The cupric: reducing antioxidant capacity (CUPRAC) was determ..iued 

ac:<:ording to Apak et al. (2004). The aboorbanc:e was measured in trip• 
Hc:ate at 450 run (Multiskan Go, Thermo Sc:ie.ntiftc, ti.lA, USA) and 

e xpressed as millimoles ofTrolox equivalents per gram of hone}' (m.mol 
TE/g). 

2.6.3. Parle- reduc.inz antioxidant power (PRAP) a.s!.ay 
The FRAP assay was comple ted according to Thaipong et al. (2006). 

The abcorbanc:e was measured in triplicate at 593 run (Multiskan Co, 

Tbenno Sc:ientiftc:, MA, USA), with results expressed as millimotes of 
Trolox equivalents per gram of honey {mmol TB/ g). 

2.7 . Colour analysis 

2.7.J. Colour inrcruily 

The colour intensity was measured usfog the method of BE-Ntta et al. 
(2005). The SO% (w/ v) hone y samples were fil tered (Whatman No. 1 
ft.lter paper), and absorbanc:e was- determined sp,e,c:trophotomecric:aUy 
(MuJtiskan Go, Thermo Sc:ientiftc:, b.1A, USA) at 450 nm and 720 nm. The 
colour inten:.ity is reponed as the difference in ~ec:trophotometric 
a b:ort>anc:e at the two wavelengths against a Dl water blank and 

e xpressed as mAU. 

2.7 .2. L •~ a ':, b * 
The International Commission on Illumination {CJB) L--:, o•, b" colour 

m easurements of the honey :amp!es w ere determined by evenly 
dis-tributing: 50 g of each sample around a d ear plastic: Petri dish 8 .5 cm 
in diameter (Be.rtoncelj et al., 2007). Mearurements were taken in 
quinruplic:ate against a white coloured background and reponed as per 
the values provided by the equipment (Colour Reader CR-20, Konica 
Minolta, Japan) . 

2.8. Anlibacrcri.al activity 

The antibacterial activity was measured us-in,g the minimal inhibitory 

concentration CMIC-!iol method, as per Patton et al {2006). Serial di• 
lutions (n = 13) of unfiltered honey were pre.pared u~g nutrient broth. 

Honey-nutrient broth colutions w ere inoculated with test culture 
(standardised to McFarland 3.0) of Cram-positive Scaphylococc.us aureus 

or Gram-negative Pscudomonas am.iginosa to give 5% (v/ v) concentta• 

tions, mixed, and aliquoted into wells. Immediately following this, 
spectrophotometric: a bsorbanc:e was determined in triplic:·ate at 620 run 
(To) (Multiskan Go, Thermo Sc:ientiflc:, MA, USA) against a control well 
c:onta.ining inoculated broth without honey. Samples were incubated in 

darkness for 24 hat 37 °C, and absort>anc:e was measured again at T2, at 
620 run. To calculate the MtCso, aboorbance a t Ta was subtracted from 
T:,H, with che control wella.ssigned a \ialue of l00% !_trowtb. The percent 
inhibition of growth by the honey samples was detenn.iue.d udng: the 
formul.1.: 

Per,:tttll !,J1ibiJfo11 = 100 - ((sw,tp/1t Ab, Ti,,. - To)/ (auuro/ Al>s T?,t. - To))" 100 

When the difference beC\veen To and T:z.t recorded a negative value_, 
the percent of bacterial growth was c:alc:ulated: 

Pucttt11Gri1wth = ((sampl~Abs T2,1 - To) /(c(uttrtil.AbsTu - To))")OO 

534 
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The Ml~ was c:alc:ubted using CraphPad Prbm vecion 9 (San 

Diego, California, USA), and is reported as-the concentration of honey 
(%; w/ v) required to inhibit SO% of bacterial growth. 

2.9. Physicochcmical properties 

2 .9. I. pH 

The pH of the undiluted honey samples was determined in triplicate 
usin,g a pH met er (Mettler Toledo, Pore Melbourne, Australia) a t room 
temperature (22.S °C ± 0.660) (Aumeeruddy et al, 2019). 

2 .9.2. Towl soluble solids 
The total soluble solids (TSS) were determined using a handheld 

d igital refractometer (Opti Brix 54, Bellingham = Stanley, Kent, United 
Kingdom) (Chan et al., 2017), modified for the \1$e of SO% honey di• 
lutions to aUow for equipment requirements. Measurements v-;ere 

completed in triplicate and are expressed as "Brix. 

2.9.3. VCcosity 
The viscocicv of the undiluted honey .sample::: (Pas) was determined 

using a viscom~ter (Smart Serie:::, Fu.ngilab, Barcelona, Spain) using a n 

R6 spindle at S, 10 or 20 rpm, d epending on the % torque of the sample 
(Yiic:el & SultanoQ:lu. 201 3). 

2.9.4. Water octivily (ow) 
The Ow of the undiluted honey samples wa::: detenn.iued a t room 

temperature {24 .6 °C = 0.702) using an ow measuring in:::trument 
(LabSwift-aw, Novasina, Switzerland) according to manufac:turer·s 

.inscruc:tions. 

2.10. Statistico! analysis 

Statistical ana.lysi: was completed using {BM SPSS Statistics version 
25 (Armonk, NY: (BM Corp). Variable::: were ex.a.mined to det ermine 

cu.icabilicy for parametric: or non-parametric: methods using histograms, 
and the Shapir~WHk test for normality. Normally disaibu ted variables 

are presented as mean = standard deviation, while not normally 
distributed measure:::· are presented as median (inte rquartile r ange). Due 
to the inclusion of not normally distributed variables, we ut:ilbed Ken• 
d au·s Tau c:oeftkient of correlation co detenn.iue relationships benveen 
each of the parameters. To identify the influence of each variable of 
honey, a partial correlation was also completed. A One-Way ANOVA or 
.Kruskall-Wallis ANOVA with Sonferroni correction as posr hoc analysis 
was completed depending on the distribution of\---ariables, to detennine 
the differences in honey's properties between all pre-determined c:ate• 
gories. Si,gniftc:anc:e was accepted at p ~ 0 .05. 

3. Resul ts :ind discussion 

3.1. Honey quality analysis 

The formation of Hr-.tF resul ts from cu.gar molec:ule dehydr ation in 
honey during the Maillard reaction that occurs during thermal treat• 
ment: or storage (Pasia:: et al., 201 7). The presence of HMF in honey is 
indicative of deC1Tada tion and overall Joss of honey quality (Oniir et al., 
2017), and has ... been ide.ntifted co be potentially carcinogenic: in ,,ia-o 
(Capuano and Fogliano, 201 J). Therefore, the resnic:tion of tbfa com• 
pound i-s essential and should not e xc-e.ed 40 mg/kg (Codex Alimencarius, 
2001). All hone y samples contained a HMF content lower than inte r• 
nationally recommended levels, with HMF levels ranging from O.l SO 
(0 .1 SO) mg/kg (hone>• S) to 2 1.0 ( t .SO) mg/l;.g (bone}' Y). While exces• 
si\fe degradation of the hone y samples (Codex Alimentariu~ 2001) was 
not observed, -etorage duration prior to sample purchase is unknov.'ll, 

potentially contributing to HMF production cOnur et al, 2017) . 
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3.2. Bioa.ctfre compounds 

A summary of the total phenolic content (TPC) of the commercially 
available Australian honey samples is prese nted in Table 1 (complete 
data presented in Supplementary Table S l ). For the analysed samples, 
the highest reported TPC was 0.663 (0 .078) mg GAB (honey l'), v.i tb the 
lowest polyphenolic profile being 0.309 (0.1 25) mg GAB {honey AB). 
Similar phenol le\•els were re.paned in other international honey srudies 

where 1.iu et al. (2013) repone.d T.PC of honey ranging from 0 .307 = 
0.01 to 0.822 ::i: 0.0 3 mg GAE.lg. ln contrast, Aaz.za e t al. (2014) reported 

a range of 136.S2 ± l 3.60 co 923.70 = 13 .60 mg GAE/kg for a selection 
of commercial Moroccan honeys. The wider range of phenolic content 
olxer\fe.d for thece samples compared to the commercial Australian 

honeys could be due to the difference in geographical flora utilised in the 
production of both honey samples. 

T:1ble l 

Ctr!Tffll! Rl"f;fflfffi in F'Md Sdeno:r. ◄ (202 l) 532-542 

A spe.ciflc group of polfphenol includes Havonoids, and the TPC 
values of these honey samples are shown in Table 1 and Table. $1. Honey 
sample Z (96.4 (7 .3 7) !JS CB) contained the greate.:c amount of the 
compound, and in comparison, sample. A (4J.6 (1 .48) µg CE) had the 
lowe.:t amount. The results ob tained in th.is study are similar to findin~ 
in pre\'lous!y published literature, with total Havonoid content ranging 
from 27 .07 ± 0.3S to 7 1. 78 ::. 0 .S4 mg CB/kg (Khalil et al, 2012). The 

variation oboerved in both the TPC and TFC of different cype-s of honey 
investigated w ithin thb study could be due to a variety of fac tors, 
including the honey's flora l source, in addition to potential q uality 
d e:!!adation resulting from commercial treatments. 

The carote.noid content o f the samples was determined using 
P-carocene and lycopene equivalents (Ferreira et al., 2009) (Table l ~ 
Table Sl). Honey sampl e. Z (69.6 (4.95) mg P·CB/ks:) contained the 
big-best j}-carotene equivalen tt, with honey A ( 17.1 (4.SS) mg l}-CB/kg) 

Sur.u-.ury of the bio.lcti<.:e compo;ition, l.ntioxidl.nt ch ".lnctt.ri:cic-.;, co!our = ly(:~ , :1nti.h :icte:h.l xtivity, J.nd p hyd co ch emiul proputie.:- o f .l i:ekccion of 
co mn.t ercully l.',·Wbk Au.;-:nli»t hone)·.:-. 

I figbm Rllllkfld l-looq'II l.owe.1 RanMCI I loiney'il 

Bioaah•e Compo,;itioo 
TPC(mg,G.<\F.)" ,,. z• T' AB' AO' ,, 

0.663 (0.078) 0.635 (0.049) 0.60-1 (0.12◄) 0.3()9(0.125) 0.3◄◄ (0.02$) 0.360 (O.Ol9) 

'lw:(pgCF:/' z' Y' s' ,, •• G" 
96.4 (7.37) 92.5 (12.1) 84.6 ( I J.8) 41.6(1.◄8) 4◄.9(2_'l8) 47.0 (◄.70) 

jkl,rol l';llt: (mg/kgt z' Y' x' ,, ,<' ct 
69.6(4.95) 69.S (17.9) 5).5 (3.68) l?.l ('1 . .5$) 17.◄ (2.32) 19.3 (15.6) 

l.yc1,pene (mg/ kg)'" R' Y' z' ,, ,<' ,.,,, 
24.9 (17.8) 2◄.8 (10.0) 23.5 (3.16) 7.43(3.62) 7.74(2.M) 7.98(1.79) 

Alllioxidam Ch11r.«1t'f'irtb 
DPPI I (mmol TE) ,,. AN' , r Ni' J' ,r 

0.71:H 0.0◄1 0.600 ¼ 0.088 0.596 ¼ 0J)◄6 0.207 ¼ 0.0-15 0.2-42 ¾ 0.020 0.315 :i: 0.021 

DPPll ln.hibi1ion (911) Y' Mi' ,,. Aft ,. J( 
69.0 .¼ 3.97 58.H : 8.46 57.8 ± 4.38 20.S i: ◄..32 23.9 ,i; ) .94 30.8 :i: 2.03 

C1JPRAC(mmc>111!t Y' z' o' ,. , o' ,.,, 
21.8(1.36) 20.8 (0.910) 19.8 (0.803) 8.28(1.:)1) 8.51 (0.368) 10.◄ (0.151) 

PRAP (mmnl TF.:) Y' o' z' ,. ,.,. so' 
3.76 ± o.is.s 3.08 ± 0.635 2.34 ± 0.21» 0.670 ,i; 0.390 0.8•0 ,i; 0.297 l.05 .i: 0.!68 

C"'..olour Anll)'llis 
Colou:, Jnh:1.s;iy ( mAU)I' z• Y' X' G' "' <t 

1440(98.S) 1196(42.9) 905 (77.S) 2◄J (5.30) 261 (4 .00) :'103 (6.10) 

L~ O' 
,, •• Y' 

,., AP' 
33.6 (0.800) 25.1 ( 1.20) 23.8 (1.90) 11.? (0.800) 12.0(0.800) 12.6 (O..ASO) 

a• o' ,.,.. ,..,, G" ,<' MT 
7.90 ,i; 0.2 12 ?.SO ¾ 0.4U 7.:16 -:i: t.78 0.980 .i: 0.327 L93 :J: 0.455 2.30 ,i; 0.596 .~ o' ,, ,,. Y' z' t • 
24.? (0.400) Ul.2 (2.05) 16.7(3..10) S.30(0.$00) 6.00(1.05) 6.-20(0.900) 

Antibtderfal Ad ivily 
S. UJJT'f!IL( MIC:so (% dihd:icln; w/v) , .• .. AK' <t R' '"' ~32 4.16 ◄.75 0.(1](/> 0.122 0.12-1'° 

Pby~cod1r.rnk-,d Pr<1P'fliC"S 
plr ,, , t ,,. ,.,,, ,.,,, MT 

◄.64 (0.160) 4.60 (0.200) ◄.43(0. 170) 3.7◄ (0.020) 3.31 (0.050) 3..32 (0. 160) 

TSS fBrix) ,t .. ,. AC' Aft' ,.,,, 
60.2 ¼ OJ)OI 59.3 ± 0.115 59.3 -:t: 0.115 5$..3 -¼ o. 115 SS..9 ± 0.001 56.2 ,,j, 0.001 

Vi"1C'.0$i1y Ch ff o' ,t ,, ,,. c' ,., 
158.0 (1.32)1 76.4 (2.14)1 (15.0 (26. 1)1 l 1.0 (0.275)111 l2.8 (0.362)ttl 16.8 (0.776i1 

a,. 
,, .. e' Ao' ,.,,, ,.,, 
0.583 0..572 0 . .568 0.◄$4 0.459 0.461 

No:.e: Th e three highc.:{ :i.nd lowe; t nnked honey: :i.rc prc; cm ed. MlCso w~ c.,.ku bt<ed from tripl.k.ltc d l.U; L .. , o ", b• mc.l.:urcmcn~ w en u.k,m in q uintuplicl.k ;, o,. 
w ~ l.JU!yced one~ for e::.ch .:.imp!e, :md ill rcn.u.ining v :i.ri.lMc.: w~c co r.iplcced in tripli,:-,1-.c. Normilly diatributed ~-U-Ubk: :ue prc:~"lt~ :,.i, mcl.n ± :tJ.nJJ.rd de· 

\•fation, = d not r..ormilly d ktri'boteJ n:il.h!e: l.Te iden tified b y ·"· .lnd .reported .l:,medb n (in~u:1rtik u nge). ND= r.o d,.u(W uffic-.ie.m um.pk volum e); 1 = 5 rpm; 
I 1 = 1 0 rpm; Hi = 20 rpm; t, = h on ey .;,unp!~ thl.t reco rded P;.. oa,.rpo;o inhibition '-t 25% d.i?ution conc-entntio!\Q; (w/ v). k t~ .: rep:e~ n t honey :,mlp!e ID; :u.· 

pe:x.ript.:- n u t to the boney identi.fic..ltion k ~e: ue rchted to from•hbd utego.ry d.eccriptior.:, of the honey: I = Ml.nuk.l Hone)·; 2 = Org:JJUC Honey; S = Oe:w.ric 

Br1.-id Hooey; 4 = Au:u-.,,l.i.:o..'t P!on.l Hooey; 5 = ~gicmJ.l Honey; 6 = Pure Hooey. 
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reporting the lowest. Additionally, the lycopene equivalents ranse from 
honey R (24.9 (17.8) mg LB/kg) reporting the highest, to honey A (7.43 
(3 .62) mg LB/kg:). The composition ofcarote.noidsin honey is depend ent 

on a variety of factors, including: the Horal and geo,graphic origins 
(Bueno-Coot.a et al, 2016), which could be the callse of large ranges 

observed in the ~ carotene and lycope.ne values. 

3.3. Antioxidant characteristics 

The DPPH assay was utilised to detennine the antiradical scavenging 
capacity of the samples, and both the Trolox equivalent and percentage 
of inhibition were de termined (Table J ~ Table SJ). It was revealed that 

bone>• sample pozsessing the greatest radicaJ scavenging capacity was Y 

(0.713 = 0.041 mmol TE; 69.0% = 3.97). Alternatively, honey AE 
(0.207 ± 0.045 mmol TE; 20.5% = 4.32) presented the lowest ixav• 
enging abili ty. Values derived in this study are comparable to other 
commerdal samples, where inhibition was reported between 1.95% = 
0.87- J 9.12% = 1 .3-4 (Devarajan and Venugopal, 2012)~ with Au stralian 
samples presenting greater antioxidant potential 

The spec.iflc determination of the antioxid ant reducing ability of the 
zamples was completed through the CUPRAC assay (Table 1; Table Sl ), 
wbic.h a~es the ability of antioxidant compounds co reduc.e the 

Copper (tn Cupric ion (Apak et al, 2004). Hone>' sample Y (21 .8 (1 .36) 
mmol TE) showed the greatest cupric ion reducing ability, while sample 
J (S .2S {1.31 ) mmol TE) demonstrated the weakest ability. Prev-:ious 

flnd.i.ngs demonstrate lower honey CuPRAC values (] 24.8 ± 63-532 = 
19 pmol TB/ g) ( Ulusoy et al, 2010), which may indicate a higher 

mineral content within honey analysed in this research, contributing co a 
higher antioxidant reducing ability of the Auuralian commercial 
:amples. 

The FRAP methodology determines the reducing power of honey by 
determinin,g the ability of antioxidan~ pres-ent in samples to reduce the 
motec:uJes Fe3+ JFe2+ (Pecretto et al, 20 IS). The greatest ferric redu.cing 
ability (Table 1; Table S I) w~ identifted in sample Y (3.76 = 0M)S8 

mmol TE), with sample J (0.670 = 0.390 nunol TE) reporting the 
weakest power. Similar values were recorded for unifioral honeys> "'-'1th 
a mean range of 1033.33-.2779.17 nunol TB/kg {Sowa etal., 2017}. 

3.4. Rcla!fonships between bioacdw compounds and antioxidant 
charactt:ris!il:s 

The completion of a Kendall's Tau correlation identified relation• 
ships between each analysed variable (Table 2). TbeTPC and TFC values 
showed a sig:niftcant correlation (-; = 0 .566, p :$_ 0.001), and ba,;·e also 
reported positive correlations with each antioxidant characteristic assay 
(p ~ 0.001 ). However, it was obseived th.at when TPC was controlled. for, 
TFC and each antioxidant characteristic were no longer as:odated ( p ?:: 
0.05). 1n contrast, when TFC values were conuolled, the antioxidant 

characteristics remain associated with TPC {p ~ 0.05), suggesting: hon• 
ey•~ TFC content does not signiftcandy contribute to honey's phenolic: 
content, or the antioxidant potential of phenolic: content. This is sup
ported by the TFC for these samples being between 10.1%and J7.9%of 
the total polyphenoli<: content> with flavonoid content reported to be 

~ J 2.85% of the total polyphenols of honey (Bl~ et al, 2006). 
The p-carotene and lycopene carotenoid equivalents were positively 

correlated ( 'f = 0 .. 580, p ~ 0.001), and were associated w ith both iPC 
and TFC (~arotene: p :$_ 0.00 1~ lycopene: p ::;: 0 .05). While strong as
sociations were obsetved for !}-carotene and the antioxidant character• 
L--tics (p $ 0 .001 ), lycopene d id not correlate with DPPH (p= 0 .070), and 
weakly correlated with CUPRAC and FRAP (p ~ 0.05) . When controllini 
for both TPC and TFC, neither ~ arotene or Jyc:opene correlated ._...ith 

any of the antioxidant characteristics {p ~ 0.05), suggesting che:e 
carotenoid equivalen~ do not contribute co honey's antioxidant po:ten• 

tial in isolation. 
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3.5. Colour analysis 

Honey's colour is predominantly rela ted to its pigmented contents, 
such as tlavonoids and carotenoidsc, which are determined by honeys 
floral origim (Bertoncelj et al., 2007) . Honey sampl~ with more pig
mented compounds appear darker, in compariron to honey:: with lower 
levels of these compounds (Bueno•Costa et al.> 2016). Of the included 
samples (Table 1; complete data presented in Supplementary Table S2), 
hone>' Z ( 1440 (9$.5) mAU) posses..."'ed the big.best colour intensity, with 
honey O (24 1 (5.30) mAU) reporting the lowest. These findings- are 
<:Olttradicted by Roshan et al ( 2017} w ho determined a lower range of 
colour inten:ity of 4 1- 4 71 m.AU for their :election of uniflora l Austra• 

lian honeys. Observed colour variations of the commercial samples may 
be due to either flora! variation of Australian v-ege tation, or commerc:ial 
trea.tments (Segato et al., 2019). 

The lightest honey, as determined by 1 .1.·values, was O (33.6 (O.S00)), 
wi th the darkest honey being Y O 1.7 (O.S00)) (Table 1; Table S2). 
Con:idering that an 1 .1. value of J 00 represents w hite, the honeys in this 
s tudy are relatively dark, with similar studies reporting: L • values of 

between 42.12 = 2.27 to 64.40:: 0 .63 (Bertonce.lj et al., 2007). Addi• 
tionalty, at- valu~ range between 7.90 ± 0.2 12 (honey 0 ) and 0.980 ± 
0.327 (honey <i), with b • values ranging: from 24.7 (0.400) (honey 0 ) to 
5.30 (0.800) (hone>' Y). Posi ti\•e a• and b t vaJues reported for a ll honeys 
indicate that the samples present as red and ye llow in colour (S::ab6 
et al.. 2016), while some honeys pre$ent a green profile (KuS et al., 

2014). 

3.6. Rcladonships bc.rwccn colour, bioa.a frc compounds, and antioxidant 

characmisck-s 

An inverse relationship was observed between colour intensity and 

L\ conftrm.in,g the samples• ligh tn~ cPi!. lh ; 1' = - O.S3S>p ~ 0.001), as 
supported by previous research (Bertoncelj et .11., 2007). Similarly, an 
inverse relationship was observed between colour intensicy and b t 
(Fig. lj ; 1' = - 0 .356, p ~ 0 .001 ), with a scrong correlation between 1 ~ 
and b • (t = 0.72$, p ~ 0 .001). As pocitive b "' values re present honey's 
yellowne.ss~ these correla tions highlight that >-ellow is characteristic of 
light•coloured honeys. In contrast, the as:ociation be tween colour in• 
tensity and o:* (Fig. I i; ·r = 0.594, p ~ 0 .001) ind icates chat d arker 
honeys are chara cterised by red. 

Colour intensity po:::itively correlated (p ::,'.'. 0.01) ,-.i th each bioa ctive 
and antioxidant variable Cl'able 2, Fig. 1 ). Caroten oid content of honey 
reportedly contributes to i~ colour through providing pigmen tation 
( Bueoo-Coota et al, 20 16), with Fig. k depicting s trong correlation: 
bet\'leen colour intensicy and fj-carotene content (1' = 0 .600, p !: 0.001 ). 
However, weak correlations berween colour and lycopene were 
ob.served (Fig:. Id; 1' = 0 .2S7, p ~ 0 .01 ). The sig:niflcant correlation be
tv,een colour intensity and TPC, TFC, DPPH, CUPRAC, a nd FRAP (Fig. l ; 
all p ~ 0.001) indicates incr eases in honey colour relates to increases in 
antioxidant scavenging capacity, which is suppor ted by the inver:;e 
correlation between L " values and all bioactive and antioxidant ch ar
a cterfatics (p ~ 0 .0 I ). PreviouUy, pale•coloured honeys were reported to 
have a lower antioxidant activity than d arker variations (Cimpoiu et al., 
2013; Saxena et al., 2010) . 

The relationship between colour intensity, bioactive content, and 
antioxidant c haracteristics suggests that the darker the honey> the 
greater i ts antioxidant potential. Consumers consider the health ben eftcs 
and nutritive value of honey when selecting honey product:- (Atvani
toyannis and Kry::ta.llis, 2006), including Australian consumer: (Batt and 

Liu. 2012). Therefore~ based on our findings and consumer values, there 
is potential for the utili:ation o! the relationship between colour in• 
tensity and the antioxidant characteristics to increase marbtabilicy of 
honey products. Howe,;·er, in this case, it : hould be concider ed that the 
completion of commercial treatment::: may abo result in the darkening of 
honeys (Segato et al., 20 19). 

Otm:nt Rr➔~U'f Fl'/OdSctmu <f (2il21) 532-5f2 

3.7. Antibacmial activity 

The antibacterial activi ty of the samples was determined through the 

MJC::;o me thod, where the concentration of hone}· (% dilution; w/ v) 
required to inhibit SO% of bacterial growth was d etermined for S. aurcus 
and Ps. aeruzjnosa. All ~ample: were effective as an inhibitory a gent 
a gainst S. o:urros (Table l; Table S:?-; Fi,g. 2~ complete figure in Supple
mentary Fig. S I). The moot effective t-.OCso concentration was 0 .07$% 

(Hone>' Q; Fig:. 2a), \.\i tb the weakest for thb species being 5.82% (Honey 
L; Fig:. 2b). lnhibitory activity of honey against this bacterial species is 

eonsiste.ndy supported by similar resean:h (Mahmoodi-Kha.led i et al> 
2017; Patton et al .• 2006) . Bu~-e.kova et al (2020) demonstrated the MJC 

of commerc ially a vailable honey s.:unpJes purchased in Slovakia a gainst 
S. aurrus. While their da ta cannot be compared to the MlCso values of the 
Australian samples, they concluded that the antibac terial a ctivicy of 
commercial honey is not uniform (Bucekova et al., 2020), which is re• 
fleeted by the ~UCw values presen ted in this study. 

All honey"!; effectively inhibited Ps. a~oinosa growth at 50% (w/ v) 
concentrations. However, only 9 honeys (2 1%) inhibited any growth a.t 
25% (w/ v) concentra tions (honeys identifted in Table 1; Table S2), with 

no further dilutions obser..-ed to inhibit growth. Interestingly, these were 
not the same honeys co de.mon:trate the lowest MJCso values for the 
inhibition of S. o:ure-us, indicating differences in h oney effectiveness 
based on bacterial spedes. Therefore, M(C50 value : could not be deter• 
m.ined, w ith the analysed commercial samples not being an effec tive 

antibacterial agent again!:t Ps. ae.ru,Sinosa. Jt was previously determined 
that Ps. ae~osa d em onsua ces antibiotic resistance to honey at weaker 
eoncencra tions (r,.1ahmoodi•Khaledi et al , 2017), which could be 
attributed to its gram•neg:ative structure (Bre.ijyeb et al., 2020). 

3.8. Mechanisms for honey's ancibacmial activity 

3.8. I . Phy:irochemico:l prop«ri.es 
The pH of h oney ~ typically accepted as between 3.2 and 4.5 (da. 

Silva et al, 2016), con tributing to antimicrobial acti,.·ity by creating an 
undesirable pathogenic en\'lronment (Lund et al.. 2020). Re:ulre indi
cated (Table 1~ Table S2) the lowest pH from these :amptes was 3.74 
(0 .020) (honey AF), with the highest being 4.6 4 (0 .160) (honey A). The 

pH was found to be posi tively associated with TPC and CUPRAC (p ~ 
0 .05 )> suggesting that honefs bioactive composition is responsible for 
its acidity leveb , and therefore the pH contribution to antibacterial 
acci\.ity. 

The TSS of honey often indicates the sugar compounds present, 
which contributes to low mo~ture content and osmotic stress for select 
microorganisms (Combarroo•Fuertes et al., 2020). Of the a~ed hon• 
ey: (Table 1; Table S2), honey H (60.2 :::: 0.001 °Brix) reported the 
greatest TSS content, while honey AC (55.3 :. 0.115 ~Brix) reported the 
least. Our vaJu~ are lo¼-er than previous lindings, where soluble solid 
le\•e b ranged from 76.3 to SS.3 °Brix. (Oroian and Ropciu<', 2017). Dif• 
ferences in roluble solid content could be ascribed to differ ent analysis 
techniques, or as a consequence of commerc:ial crea tmen ts applied to our 
camples (Brag:hini et al., 2020). 

There is a large variation ob$E'r ved for the honey's viscosity (Table 1; 
Ta.b!e :'.:2), with a range of J 1.0 (0 .275) Pa s (h oney P) to 15$ ( 1.32) Pas 
(h oney 0 ), in addition to a range of rotation speeds CS rpm, 1 0 rpm and 

20 rpm) required due to the varied consistency. It is establkhed that 
factors influencing honey's vfocosity are its high sugar concentra tion 
and low moisture content (Jiang et al., 2020; Yiicel & Sultaoo~lu, 2013). 
(nteresting:ly, no assoc iations (p ~ O.OS) were obsen ·ed between sample 
viscosi ty and TSS, representative of the sugar conten t, or aw, w hich in• 
d icaces honey's moisture. 

The aw of honey is affected b>' factors cuch ~ sugar composition, 
d egree of crystallisation, and water -sugar interactions, and typically 
measures below 0 .60, preventing microorganfam growth {Subbiah et al., 
2020). The analysed honeys re ported a lower a~ r anging from 0 .454 
{h oney AO) to 0.58 3 (honey A) (Table J; Table S2). The sample aw was 
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associated with the TSS (1' = 0 .237; p :!:'. 0.05) (Tobie 2), however chi: 
wa, not antjcipated due to the influence of :ugar content on the water 
activicy (Oroia.nand Ropciuc, 201 n. The a.,,. was also associated with the 
MJC50 for S. aurcus (1' = 0 .222; p :!:'. O.OS) (Table 2). Interestingly, other 
as::e,::ed physicochemical propertie:: did not c-orre.late wi th MJC50 (p :2:: 
0.05) d espite report: of these properties contributing to hon ey's anti• 
bacterial activicy (Combarros-Fuenes et al., 2020; Manda! and Mandal, 
201 1). 

3.8.2. Rdacicnships bctwtcn antibacterial aaivily and antfuxidant 
charactrrisci.c.s 

The MJC50 values of the as::e::sed honeys ag-a.inst S. aurc-us also 
correlated with FRAP (1' = 0.220; p :!:'. 0.05) (Table 2), indicating the 
conaibution of honey's antioxidant compounds co its antibacterial ac• 
tivicy. ~ is further supported by Leyva.Jimenez et al. ( 2019), where 
the e.xaacted phenolic content of honey had cim.ilar antibacterial po• 
tency as whole honey samples for a range of bacterial species (Ley,;-a
Jimene:. et al., 2019). Despite no correJacion being found ben-.:een MTC50 
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and TPC, when the phenolic content is controlled for, the MJCso of the 
samples is no longer a!:SO<:iated with FRAP (p = 0.19S) . This clla.ng·e in 
signiflca.nce highlights the contribution of the phenolic content to 

honey's antibacterial activity. 

3.9. CharacttrisricJ of honey c-al£'!Orit'$ 

Manuka caruples (Category 1) reported amons the largest means for 
each antioxidant ~Y, indicating camples in this category had the 
highest antioxidant capacity. Specifically, honeys Y and Z frequently 
reported among the highest for each bioactive (TPC, TFC, j)-carotene, 
lycopene) and antioxidant (DPPH, CUPRAC, FRAP) (Table I) method . In 
contrast, Generic Brand (Category 3) and Au.scralian Floral honeys 
(Category 4) reported the lowest values for nearly all parameter;:. It ·wa~ 
anticipated that Manuka honeys would posse~ -the greatest antibacterial 
activicy, based on previous effe.cO',,·ene~ compared with other honey 

types., particularly for S. o:urcus (GOOJ.inclc.i et al., 2020) . However, in our 
study, a Pure (Category 6) and Regional (Category S) honey (Tabl.E l) 

reported the J:ughe.st antibacterial abilicy. For the physicochem:icaJ 
properties, no categorie-s consistently repon ed the highest or lowest 
values, indicating that honey cype does not influence th~ facto!'!;. 

The difference between each category was determined for each of the. 

.1SMY! ueing OM-Wly ANOVA or Krueka.1-Wallfa, dt~nding on tht 
normality, with differences obseived only berv.,een Manuka honeys and 
some other categories. These we.re ob-served for FRAP benvee.n Man:uka 
and Generic Branded (p = 0 .001.), Ausualian Floral (p = 0.00)), 
Regional (p = 0 .009) a nd Pure (p = 0.02) honeys. Similarly, TFC ·was 
significantly higher in Manuka honey than Gener ic Bnnded (p = 0.001), 
Australian Floral (p = 0 .001 ), and Pure (p = 0.002) hone.ye, and Man:uka 
honey had a greater colour inte.ttsicy than Australian Flora! honeys (p = 
0.003). 

Many studies that dete.nnine. the antioxidant and antibacterial 
properties of honey report distinct floral and geograpluc origins of their 

samples. These studies have reported the antioxidant characteristics, 
speciflcaUy the. phenolic composition, is due to these fac tors (Escw:edo 

u al., 201~> M. I. Kh~ et al., 2011). However1 thi; infonn.1.tion i; DOI 
available for commercial samples unless provided by the. manufacturer 

on the. packaging. Despite. this, the honeys- inv-estigated in this stud}" are 
representative. of what is available. to consume rs on the Australian 
commercial market. 

3. I 0. Future directions and limitorions 

To 0-ur knowledge, this fa the. ftrst study examining the bioactive, 
antioxidant, antibacterial, and ph}-:icoche.mical properties of commer
cially available Aw;cralian honeyc. Although consumer behaviour to

wards Australian honeys, including: commercia l honeys, has been 
identified (Batt and Llu, 2012), the.re bas been no analysis d etennining 
which sensory values drive like.ability and purchasing behaviour. 8~ 
on the ob:e.rved antioxidant characteris tic:: of the honeys, the.re. ts po• 
tential for ft.u-ther investigation into antioxidant-re.lated health beneft~ 
of commercial Australian honey, including determining if th~ sam:ples 
are e.fflcient at reducing pla,..<'lna antioxidant content in vil-'O. Addition• 

ally, given the observed assoc.iation becween the antioxidant charac• 
teri:tic FRAP and antibacterial a ctivicy, the ~ynergistic 
a.nti-in.flammatory potential should be investig-ate.d (Hunter et al., 
2020). 

The findings of chi: investigation are limited by the techniques u:sed, 
w ith spectrophotometric analysis used for the quantiflcation of bioacrive. 
and antioxidant compounds. The technique measures the refractive llght 
a b:orption of solid compounds., and often dete.-ct: different compounds 
at the same wavelength, re.suiting in an overestimation of content 
( Biehle.re, al, 2010) . Fun:her, an analysis of the polyphe.nolic profUe of 
the samples was not completed, which could improve this re-search by 
allowing for the ide.ntiftcation of compounds that most concribute to, the. 

sample's antioxidant characteristics. Finally, it has been reported th.at a 
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considerable. contributing variable to honey's antibacterial ability is the 
prese.nc-e of hydrogen pe..roxide (Bang et al., 2003), however, this was not 
assessed, with it:: contribution to the. MJC50 of the. samples unknown. 

4. Conclusions 

In conclw;ion, the. colour imensicy of the honey~ is related to a variecy 

ofbioactive. propertiec and antioxidant characteristics. Additionally, the 
antibacterial activit}' was associated with the honey's water activity, 
and the antioxidant characteristic FRAP. The. phenolic conten.t of the 
sample:: contributed to both antioxidant and antibacterial properties of 
the honeys, as d emonstrated by changes in cigniflcance when control• 
ling for this variable. From all honeys tes-ted in this study, Manuka 
honey"!; consistently reported higher results for some. of the included 

assays, with a variety of generic branded and spe.ciflc floral bone.ye 
re.porting the lowe.:t values. These findings can potentially inform hon ey 

producers and consumer:· on future directions of honey marke.tabilicy 
through highlighting- the potential antioxidant and antibacterial-re.fated 
heal th be.ne.ftro. 
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Appendix 5b. Supplementary files.  

Supplementary Table S4. The bioactive composition (TPC, TFC, β-carotene, lycopene) and antioxidant characteristics (DPPH, CUPRAC, FRAP) 

for a selection of commercially available Australian honeys.  

Honey Bioactive Composition Antioxidant Characteristics 

 TPC (mg 

GAE)a 

TFC (µg CE)a β-carotene 

(mg/kg)a 

Lycopene 

(mg/kg)a 

DPPH (mmol 

TE) 

DPPH 

Inhibition (%) 

CUPRAC 

(mmol TE)a 

FRAP (mmol 

TE) 

A3 0.360 (0.019) 41.6 (1.48) 17.1 (4.58) 7.43 (3.62) 0.399 ± 0.043 38.9 ± 4.14 10.9 (4.01) 1.07 ± 0.173 

B4 0.444 (0.056) 44.9 (2.38) 20.6 (1.38) 8.87 (0.303) 0.416 ± 0.029 40.6 ± 2.73 12.2 (0.643) 1.10 ± 0.473 

C2 0.466 (0.008) 55.2 (3.02) 29.5 (11.7) 16.0 (6.72) 0.462 ± 0.034 45.0 ± 3.25 12.2 (0.290) 2.36 ± 0.057 

D6 0.454 (0.002) 56.6 (4.40) 29.2 (12.3) 16.6 (7.40) 0.378 ± 0.017 36.9 ± 1.67 13.0 (0.387) 1.98 ± 0.112 

E4 0.452 (0.014) 59.1 (2.87) 36.5 (18.5) 20.9 (12.1) 0.527 ± 0.016 51.2 ± 1.51 12.4 (0.379) 1.91 ± 0.153 

F5 0.472 (0.050) 63.7 (5.99) 26.2 (17.1) 11.1 (12.0) 0.459 ± 0.038 44.7 ± 3.68 14.5 (1.83) 2.06 ± 0.292 

G6 0.374 (0.018) 47.0 (4.70) 21.3 (8.01) 10.8 (7.09) 0.328 ± 0.020 32.1 ± 1.92 11.3 (0.449) 1.20 ± 0.181 

H4 0.456 (0.037) 57.7 (8.86) 33.1 (3.35) 13.6 (1.70) 0.315 ± 0.021 30.8 ± 2.03 14.4 (0.803) 1.70 ± 0.398 

I5 0.464 (0.017) 61.4 (3.22) 25.3 (2.44) 10.4 (3.38) 0.464 ± 0.046 45.1 ± 4.41 14.2 (0.656) 2.37 ± 0.208 
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J4 0.380 (0.024) 57.1 (10.9) 31.3 (18.1) 18.8 (12.6) 0.242 ± 0.020 23.9 ± 1.94 8.28 (1.31) 0.670 ± 0.390 

K5 0.375 (0.021) 51.3 (2.18) 17.4 (2.32) 7.74 (2.60) 0.324 ± 0.030 31.7 ± 2.85 11.3 (0.159) 1.55 ± 0.234 

L6 0.584 (0.011) 70.3 (1.73) 41.1 (5.61) 15.8 (4.89) 0.515 ± 0.038 50.0 ± 3.68 16.8 (0.685) 2.62 ± 0.577 

M5 0.406 (0.024) 54.5 (1.53) 39.7 (13.4) 16.5 (11.0) 0.412 ± 0.073 40.2 ± 7.01 11.5 (0.190) 1.52 ± 0.101 

N3 0.468 (0.052) 61.1 (7.62) 34.8 (2.75) 9.85 (1.82) 0.466 ± 0.028 45.3 ± 2.66 14.8 (0.863) 1.61 ± 0.208 

O1 0.549 (0.006) 67.1 (9.70) 38.1 (10.2) 16.0 (3.62) 0.594 ± 0.047 57.6 ± 4.50 19.8 (0.803) 3.08 ± 0.635 

P4 0.444 (0.023) 50.2 (0.148) 29.2 (0.982) 10.1 (1.51) 0.423 ± 0.034 41.2 ± 3.23 13.8 (0.896) 1.96 ± 0.313 

Q6 0.387 (0.036) 50.1 (2.82) 19.3 (15.6) 10.2 (12.9) 0.379 ± 0.047 37.0 ± 4.54 12.1 (0.335) 1.21 ± 0.098 

R5 0.450 (0.004) 67.5 (7.33) 45.7 (24.8) 24.9 (17.8) 0.422 ± 0.052 41.1 ± 4.98 13.2 (0.931) 1.73 ± 0.139 

S5 0.482 (0.047) 84.6 (11.8) 27.4 (6.45) 12.3 (4.16) 0.413 ± 0.018 40.3 ± 1.73 14.1 (0.273) 1.91 ± 0.114 

T1 0.604 (0.124) 71.1 (7.97) 39.0 (3.70) 10.5 (4.16) 0.465 ± 0.016 45.3 ± 1.54 15.3 (1.48) 2.50 ± 0.472 

U4 0.400 (0.044) 61.7 (4.85) 37.0 (12.4) 15.8 (8.14) 0.470 ± 0.021 45.7 ± 1.98 12.0 (0.366) 1.71 ± 0.222 

V4 0.416 (0.018) 51.5 (2.72) 27.1 (6.86) 9.67 (4.55) 0.375 ± 0.001 36.6 ± 0.079 11.5 (0.683) 1.60 ± 0.411 

W1 0.441 (0.008) 71.4 (10.8) 31.7 (21.1) 13.0 (14.3) 0.373 ± 0.049 36.4 ± 4.67 12.6 (1.21) 2.02 ± 0.267 

X1 0.563 (0.050) 79.2 (8.02) 51.5 (3.68) 19.9 (2.95) 0.391 ± 0.014 38.2 ± 1.34 16.4 (0.457) 2.66 ± 0.311 

Y1 0.663 (0.078) 92.5 (12.1) 69.5 (17.9) 24.8 (10.0) 0.713 ± 0.041 69.0 ± 3.97 21.8 (1.36) 3.76 ± 0.158 



Appendix 5 

363 

Z1 0.635 (0.049) 96.4 (7.37) 69.6 (4.95) 23.5 (3.76) 0.569 ± 0.049 55.2 ± 4.72 20.8 (0.910) 2.84 ± 0.266 

AA1 0.453 (0.025) 70.9 (8.36) 37.4 (6.96) 12.5 (2.88) 0.496 ± 0.019 48.2 ± 1.79 15.5 (0.792) 2.43 ± 0.070 

AB6 0.309 (0.125) 55.3 (6.68) 28.8 (2.48) 10.8 (1.29) 0.360 ± 0.031 35.2 ± 2.98 11.5 (0.447) 1.79 ± 0.157 

AC4 0.427 (0.020) 58.9 (4.21) 21.9 (11.0) 9.22 (8.34) 0.419 ± 0.008 40.8 ± 0.812 11.8 (1.13) 1.57 ± 0.262 

AD4 0.393 (0.024) 59.5 (3.71) 31.7 (11.5) 16.5 (3.03) 0.495 ± 0.106 48.2 ± 10.2 10.8 (0.434) 1.73 ± 0.174 

AE3 0.489 (0.045) 58.2 (2.67) 42.8 (5.36) 19.0 (3.20) 0.207 ± 0.045 20.5 ± 4.32 13.0 (0.428) 0.841 ± 0.297 

AF3 0.442 (0.013) 64.1 (3.32) 25.9 (4.55) 7.98 (1.79) 0.401 ± 0.021 39.2 ± 1.97 14.1 (0.751) 2.35 ± 0.504 

AG3 0.442 (0.031) 61.3 (2.47) 25.5 (13.1) 8.20 (9.27) 0.439 ± 0.076 42.8 ± 7.30 11.4 (1.32) 1.66 ± 0.153 

AH3 0.495 (0.037) 64.0 (6.24) 38.4 (9.08) 14.3 (6.27) 0.545 ± 0.058 52.9 ± 5.51 14.2 (0.757) 2.10 ± 0.334 

AI4 0.483 (0.044) 56.7 (2.57) 39.5 (8.42) 11.2 (5.96) 0.596 ± 0.046 57.8 ± 4.38 15.8 (0.552) 2.34 ± 0.372 

AJ5 0.362 (0.003) 49.1 (3.32) 29.1 (7.96) 9.60 (6.91) 0.376 ± 0.047 36.7 ± 4.53 10.4 (0.151) 1.17 ± 0.228 

AK2 0.441 (0.049) 55.7 (0.396) 27.7 (10.3) 8.94 (8.92) 0.438 ± 0.043 42.7 ± 4.12 13.2 (0.201) 2.36 ± 0.220 

AL6 0.480 (0.029) 64.7 (5.54) 45.7 (7.60) 17.0 (5.32) 0.509 ± 0.065 49.5 ± 6.25 13.9 (0.604) 1.98 ± 0.502 

AM2 0.433 (0.011) 53.8 (3.66) 31.9 (13.4) 14.6 (10.0) 0.410 ± 0.067 40.0 ± 6.41 12.4 (1.31) 1.56 ± 0.076 

AN2 0.519 (0.211) 72.8 (9.85) 43.2 (12.1) 14.0 (9.81) 0.600 ± 0.088 58.1 ± 8.46 16.0 (1.10) 2.56 ± 0.359 

AO3 0.344 (0.025) 49.4 (3.17) 26.2 (25.5) 10.6 (17.7) 0.427 ± 0.098 41.6 ± 9.40 8.51 (0.368) 1.05 ± 0.168 



The Use of Commercially Available Honeys as a Potential Treatment for Oral Mucositis in Oncology Patients 

364 

AP3 0.493 (0.063) 68.1 (5.30) 42.9 (12.1) 14.0 (6.98) 0.502 ± 0.009 48.8 ± 0.829 12.2 (1.11) 1.88 ± 0.089 

Note: All methods were completed in triplicate for each sample. Normally distributed variables are presented as mean ± standard deviation, and 

not normally distributed variables are identified by ‘a’ and reported as median (interquartile range). Superscripts next to the honey identification 

letter are related to the front of label category description of the honey: 1 = Manuka Honey; 2 = Organic Honey; 3 = Generic Brand Honey; 4 = 

Australian Floral Honey; 5 = Regional Honey; 6 = Pure Honey.  
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Supplementary Table S5. The colour (Colour intensity, L*, a*, b*), antibacterial activity (MIC50 for S. aureus), and physicochemical properties 

(pH, TSS, Viscosity, aw) for a selection of commercially available Australian honeys.  

Honey Colour Analysis Antibacterial 

Activity 

Physicochemical Properties 

 Colour 

Intensity 

(mAU)a 

L*a a* b*a S. aureus 

MIC50 (% 

dilution; 

w/v) 

pHa TSS (°Brix) Viscosity (Pa 

s)a 

aw 

A3 336 (18.3) 25.1 (1.20) 5.48 ± 0.268 18.2 (2.05) 0.212 4.64 (0.160) 58.6 ± 0.001 65.0 (26.1)† 0.583 

B4 467 (2.90) 23.8 (1.90) 6.74 ± 0.666 15.1 (2.60) 0.206 4.26 (0.110) 59.3 ± 0.115 45.7 (10.2)† 0.572 

C2 468 (17.9) 15.3 (0.800) 4.60 ± 0.464 9.20 (2.00) 1.08 4.01 (0.090) 57.7 ± 0.115 12.8 (0.362)††† 0.568 

D6 388 (10.9) 18.4 (3.30) 3.58 ± 0.593 8.80 (2.25) 1.17 3.92 (0.220) 58.2 ± 0.001 48.0 (1.14)† 0.529 

E4 492 (13.7) 16.6 (0.900) 4.24 ± 0.114 11.6 (1.30) 0.618 3.86 (0.060) 59.3 ± 0.115 60.8 (1.40)† 0.495 

F5 387 (4.90) 16.7 (1.35) 3.46 ± 0.134 10.9 (1.95) 0.726 3.93 (0.060) 58.9 ± 0.115 34.4 (0.772)† 0.525 

G6 241 (5.30) 20.0 (2.15) 0.980 ± 0.327 11.0 (2.55) 0.530 3.98 (0.090) 58.6 ± 0.200 40.3 (0.996)† 0.522 
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H4 431 (27.1) 16.8 (0.700) 4.24 ± 0.344 11.4 (1.60) 1.78 4.14 (0.120) 60.2 ± 0.001 76.4 (2.14)† 0.505 

I5 486 (13.3) 17.0 (4.35) 5.70 ± 0.640 13.6 (5.05) 0.140b 4.17 (0.270) 57.7 ± 0.115 20.1 (1.57)†† 0.503 

J4 303 (8.90) 17.2 (2.90) 2.98 ± 0.370 9.20 (2.85) 0.618 3.87 (0.070) 59.2 ± 0.001 42.7 (1.13)† 0.496 

K5 261 (4.00) 22.6 (0.850) 1.98 ± 0.455 13.3 (2.90) 3.12b 3.95 (0.190) 56.8 ± 0.001 18.7 (2.25)†† 0.519 

L6 802 (28.3) 12.8 (1.05) 5.50 ± 0.212 6.20 (0.900) 5.82 4.13 (0.050) 58.4 ± 0.001 26.6 (1.60)†† 0.528 

M5 506 (16.4) 15.2 (1.50) 4.60 ± 0.412 10.2 (1.65) 1.10 3.89 (0.220) 58.4 ± 0.001 ND 0.488 

N3 741 (42.1l) 13.3 (0.700) 5.66 ± 0.230 7.80 (0.750) 0.709 4.24 (0.010) 56.8 ± 0.001 20.5 (2.13)†† 0.556 

O1 634 (29.8) 33.6 (0.800) 7.90 ± 0.212 24.7 (0.400) 4.72b 4.35 (0.070) 57.4 ± 0.001 158.0 (1.32)† 0.522 

P4 519 (16.6) 20.6 (1.60) 6.44 ± 0.351 16.7 (3.10) 4.76 4.43 (0.170) 58.5 ± 0.115 11.0 (0.275)††† 0.534 

Q6 303 (6.70) 17.8 (1.70) 3.06 ± 0.586 11.7 (1.30) 0.078b 3.96 (0.110) 59.1 ± 0.115 ND 0.489 

R5 623 (9.60) 13.5 (0.550) 4.58 ± 0.084 7.60 (0.400) 0.122 4.01 (0.100) 57.8 ± 0.001 24.1 (1.70)†† 0.520 

S5 501 (9.90) 18.1 (1.05) 6.06 ± 0.230 13.8 (1.75) 0.433 4.04 (0.270) 58.5 ± 0.115 50.4 (2.51)† 0.464 

T1 782 (27.5) 12.8 (1.15) 5.82 ± 0.653 6.70 (1.80) 1.67 4.05 (0.050) 56.6 ± 0.001 18.8 (0.661)†† 0.523 

U4 492 (14.3) 15.2 (1.40) 4.00 ± 0.495 9.70 (1.70) 0.136 3.91 (0.080) 56.7 ± 0.115 35.8 (2.05)† 0.485 

V4 390 (21.9) 15.4 (1.60) 3.02 ± 0.460 9.90 (2.20) 0.597 4.07 (0.130) 56.6 ± 0.001 32.4 (1.69)†† 0.480 

W1 439 (12.7) 17.5 (0.600) 3.84 ± 0.422 13.6 (1.20) 0.135 4.31 (0.160) 56.3 ± 0.115 27.5 (0.303)†† 0.493 
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X1 905 (77.5) 13.3 (2.00) 5.96 ± 0.780 7.20 (4.25) 0.262 4.12 (0.060) 57.7 ± 0.115 19.7 (0.841)†† 0.519 

Y1 1196 (42.9) 11.7 (0.800) 5.66 ± 0.537 5.30 (0.800) 0.856b 4.14 (0.210) 57.7 ± 0.115 20.9 (1.16)†† 0.511 

Z1 1440 (98.5) 12.0 (0.800) 6.78 ± 0.522 6.00 (1.05) 0.669b 4.00 (0.070) 56.6 ± 0.200 19.1 (0.927)†† 0.498 

AA1 676 (43.1) 15.4 (1.60) 7.50 ± 0.436 10.9 (2.60) 2.25b 4.12 (0.060) 57.7 ± 0.115 22.3 (1.11)†† 0.492 

AB6 432 (19.6) 14.7 (1.05) 4.14 ± 0.716 9.50 (2.10) 0.138 3.98 (0.110) 55.8 ± 0.001 21.6 (1.19)†† 0.496 

AC4 529 (3.50) 17.8 (1.40) 6.56 ± 0.195 14.2 (2.85) 2.04 3.98 (0.270) 55.3 ± 0.115 29.5 (0.457)†† 0.486 

AD4 374 (12.7) 19.0 (0.750) 4.48 ± 0.277 14.8 (0.900) 2.22 3.95 (0.070) 57.8 ± 0.001 34.8 (9.75)†† 0.477 

AE3 478 (21.6) 16.6 (2.90) 3.68 ± 0.804 10.3 (3.70) 0.703 4.32 (0.150) 56.6 ± 0.001 24.2 (3.10)†† 0.509 

AF3 471 (26.6) 16.4 (2.95) 3.62 ± 0.295 8.30 (1.15) 2.61 3.74 (0.020) 58.3 ± 0.306 19.9 (1.81)†† 0.516 

AG3 382 (12.1) 17.7 (3.05) 2.96 ± 0.750 10.7 (3.25) 1.93 4.18 (0.200) 57.4 ± 0.001 30.7 (1.66)†† 0.496 

AH3 560 (29.4) 15.5 (0.700) 4.96 ± 0.555 9.30 (1.20) 2.43 4.17 (0.230) 57.4 ± 0.001 25.9 (0.993)†† 0.501 

AI4 576 (20.0) 15.8 (1.50) 5.34 ± 0.477 11.1 (2.45) 0.691 4.60 (0.200) 58.2 ± 0.001 41.7 (2.15)† 0.495 

AJ5 453 (7.50) 18.4 (1.15) 5.34 ± 0.503 11.6 (1.50) 0.192 3.94 (0.170) 58.3 ± 0.115 33.4 (1.29)† 0.507 

AK2 473 (16.9) 16.3 (3.70) 4.40 ± 0.324 7.70 (3.45) 4.75 4.12 (0.190) 57.9 ± 0.115 16.8 (0.776)†† 0.510 

AL6 717 (12.3) 13.7 (0.600) 6.64 ± 0.391 8.30 (1.50) 4.17 4.12 (0.110) 57.8 ± 0.001 22.7 (1.29)†† 0.490 

AM2 462 (1.00) 18.8 (2.55) 4.50 ± 0.886 13.4 (7.20) 0.124b 4.15 (0.290) 56.8 ± 0.001 35.5 (1.17)† 0.461 
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AN2 814 (38.9) 13.0 (1.35) 7.36 ± 1.78 8.00 (2.00) 0.125b 4.07 (0.150) 56.2 ± 0.001 33.0 (2.19)† 0.459 

AO3 339 (4.50) 16.8 (4.70) 2.30 ± 0.596 10.6 (4.65) 0.221 3.82 (0.160) 56.6 ± 0.001 ND 0.454 

AP3 890 (5.50) 12.6 (0.850) 6.02 ± 0.205 6.30 (0.500) 0.248 3.81 (0.050) 57.2 ± 0.001 22.6 (1.27) †† 0.477 

Note: Colour intensity, pH, TSS and viscosity were completed in triplicate, with MIC50 being calculated from triplicate data; L*, a*, b* 

measurements were taken in quintuplicates, and aw was analysed once. Normally distributed variables are presented as mean ± standard 

deviation, and not normally distributed variables are identified by ‘a’ and reported as median (interquartile range). Superscripts next to the honey 

identification letter are related to the front of label category description of the honey: 1 = Manuka Honey; 2 = Organic Honey; 3 = Generic Brand 

Honey; 4 = Australian Floral Honey; 5 = Regional Honey; 6 = Pure Honey. ND = no data (due to insufficient sample volume); † = 5rpm; †† = 10 

rpm; ††† = 20 rpm; b = honey samples that recorded Ps. aeruginosa inhibition at 25% dilution concentrations (w/v).  

 



Appendix 5 

369 

Supplementary Figure S1: The MIC50 (%, w/v) of commercially available Australian honeys 

against S. aureus.  
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Appendix 5c. Graphical abstract 
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Appendix 6.  

Interaction between properties of 

commercial Australian honey and saliva: In 

vitro exploratory study of a potential 

mechanism in the treatment of oral 

mucositis 

6a. Published manuscript 

6b. Supplementary files 

- Supplementary Table S6. The antioxidant characteristics (DPPH and FRAP) for a 

range of commercially available Australian honeys diluted in water, centrifuged 

salivary supernatant, and whole saliva from healthy participants.  

- Supplementary Table S7. The pH for a range of commercially available Australian 

honeys diluted in water, centrifuged salivary supernatant, and whole saliva from 

healthy participants.  

6c. University of Canberra Human Ethics Committee approval  
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Appendix 6a. Published manuscript 

OE GRUYTER I Complomtnt lntttr Mtd 202~ aop 

Research Article 

Maddison Hunter• , Andrew McKune, Kellie Toohey and Nenad Naumovski 

Interaction between properties of commercial 
Australian honey and saliva: in vitro exploratory 
study of a potential mechanism in the treatment of 
oral mucositis 
https://doi.Or g/10.1515/jcim-2021-0280 
RKtivedJunt 30. 2021: accepted Septemb1111S, 2021: 
published on tine Se:pte:mber 29, 2021 

Abstract 

Objectives: Oral mucositis is a debilitating oncology treat· 
ment side effec.t, with honey identified as a viable man• 
agementoptiondue to es-tablished wound-hmling abilities. 

However, effectsofsaliva on properties attributed to honey's 

wound·bmling abilities is unknown. 1berefore, this s'tudy 
aimed to identify interactions between saliva, and antioxi· 

dant characteris'tics and pH of honey. 

Methods: Saliva was collected from 15 healthy partid· 

pants (Females n=9; mean age=J-4.1 t 11.2 years). Centri· 
fuged salivary supernatant, whole saliva, and water were 
independently used to dilute commercial Austtalian hon· 
eys (n=42). An ti oxidant characteristics (DPPH and FRAP) 
and pH of diluted honeys were analysed, and differenoes 
between dilution conditions were determined. 

Results: Honey and saliva dilutions increased antioxidant 
characteristks oompared to water, and addition of honey 
to saliva reduced pH compared with saliva alone. There 

were significant differences behveen dilut:k:ms for FRAP 

--corre:spondiog author. Maddi.son Hunter. Faculty of Health. 
Discipline of Nutrition and Dietetics, University of Canberra, ACT,. 

26V. Auslfalia.E~mail:rnaddy.hunler@canberra.edu.au. https:// 
orcid.org/ 0000-0001.n83·1S8X 

Andrew McKune. Faculty of Health, University of Canberra, Bruce.ACT. 
Austra6a: Faculty of Health, Re!".earch Institute for Sport and Ex.ercise 

(\JCRISE). Unive1>ityofcanberra, Bruce.ACT. Australia; and School of 
Health Sciences, UniversityofKwaZulu-Natal, Durban, KwaZulu•Natal 

South Africa 
Kel.Ue Toohey, Faculty of Health, University or Canberra. Bruce. ACT, 
Austrafia:and Prehabilitation, Activity, Cancer, Exercise and 
Surviwrship ( PACES) Research Group, University of Canberra, Bruce, 

ACT, Australia. https:/ / <>rcid.org/0000.0002•1n6•6200 
Nenad Naurnovski, Faculty of Health, University of Canberra, Bruce, 

ACT. Australia: and Functional Foods and Nutrition Research (FFNR:) 
laboratory. University of Canberra, Bruce. ACT, h.Jstralia 

and pH, and water and salivary conditions for DPPH 
(p<0.001). No difference was observed between salivary 
conditions for DPPH (p=0.9)1), suggesting smaller cells 
remaining in the supernatant possess antioxidant abilities. 
Howevert differenc:es observed i>r FRAP suggest preciJi · 
table molau les, including epithelial and food debris. 

could provide additional antioxidant power. 

Conclusioins: The addition of saliva to honey may support 

properties attributed to honey's wound-healing abilities 

and should be considered in the context of oral mucositis 

management. 

Keywords: antioxidant; honey; human saliva; oral muro
sitis management; pH. 

Introduction 

Oral murositis (OM) is a side effect associated ... ;lb the 

mmmonly utilised cancer therapies of chemotherapy (C1) and 
radiotherapy (R1) [I]. The appearance of.OM is assodited with 
oncological IJ:eabnent interruptions [2], unscheduled lospi· 
talisation [3], and a docrease in patient quality of life [4]. Tlrse 
treatnrnts are designed to large! rapidly dividing cells in an 

effort to target and destroy cancer cells. However, these treat· 
men ts do not discriminateag.inst bealtbyceDs of a siuilar life 
cycle. including theeplbelial cells of the oral mucosa I,]. Tbis 
can result in OM, which h;,; been described as p-ogressing in 

five stages [6]. The a:tion of oncology treatments at !bis site 

initiates a damaging pro-inflammatory respon,e tmt sigmls 
for the ceDs to enter the apoi:totic i:ntbway ft]. This process 
results in an increase in inflammation am cell death, wbicb 
leads to the colonisation of i:nthogenk bacteria am the 
development of ulcerations [1). The final stage of OM is healing, 

with lbeconditiongenerallysubsidingan its own(tl bo•;ever 

it is possible to reduce the se"'rity am burden of the cooditioo 
through management strategies am trealments (7]. 

Despite the bwdenofOM on patients, there is wrrently 

no established 'gold-standard' preventative agent or 
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lrealment [8]. There has been research info the effectiveness 

of a variety of possible intervenlioris, including the use of 
anti-inflammatory oral rinses [9] and growth factors [10], 

with limited evidence of support. Some of the rurrent 
management strategies in clinical practice include the 
maintenance of basic oral care, in addition to the use of 
sterilising solutions [7]. There is also emerging r<search 
supporting the effectiveness of boney for OM management 
[7, 11-20]. It has been identified that when the oral cavity of 
patients who re<.-e.ive the causative oncological treatments 
and are at risk of develoi,ing OM are lined ,vith undiluted 

honey, OM outcomes were improved. for example, lhese 
s"tudies demonstrated a red...:tion in the severity of OM 
eomµ,red to controls [11-20], a delay in the onset of the 

oondition whm used from oncology treatment initiation 
[11, 14, 15, 17-20], maintenanc-eofpatientweight[l2, 18, 19], 
and an improvement in patient quality of life [13). 

While honey is predominantly composed of sugar, it 
oontains over 200 compounds, \vhich give the sul:biance a 
unique ability to provide multiple health benefits. The;e 
oompourds include a variety of vitamins, minerals, en
zymes, organic acids, a.rd bioactive oompOunds !)Uth as 
phenolic adds and flavonoids [21]. Honey has been 
dernorr;lrated to exhibit antioxidant activity, including 
through reducing free radical production i11 vitro [22], and 
increasing post·mnsumption plasma antiox:idant le\\!ls [23]. 
The antiox:idant activity of honey also supports protein Id· 
nase activation and the proliferation and migration of 
fibroblasts, and reduces ox:idative damage during wound· 
healing processes [24). The;e antioxidant characteris· 
tics have been attnbuted to se~raJ of lx>ney's compounds, 
including the bioactive compounds, particularly poly· 
phenols, which contributes up to 85o/o of the honey's 
antioxidant ability [25]. Honey also demonstrates well· 
established antimicrobial elfe<is [261 which contribute to 
honey's wound-healing abilities through the inhibition 
of bacterial infections [24 ]. The pH of boney (typically be

tween 3.2 and 4.5) [21] represents a physieochemical prop
erty that is associated ,vith honey's antibaclerial abilities, 
,vith a low pH being preferential for antibacterial activity 
[27]. Similarly, a high osmolarity caused by a lmv moisture 
content and high concmtration of !,.-Ugars provides an un
desirable environment for microbial growth [27). Several of 
honey's compounds, including hydrogen peroxide resulting 
from honey's dilution [28), and bioactive mmpounds, 

notably polyphenols [29], have also been demonstrated to 
mnlribute to honey's antimicrobial activity. These proper· 
ties are proposed to form a !>-ynergistic and comprehensive 
wound healing process that includes an anti-inflammatory 

effect [,30], pain reduction by blocking wound exposure to 
oxygen [31), and tissue ei,ithelialisation [32]. 

Research investigating the properties attributed to 
honey's in vitro wound-heal ing abilities, such as its po· 
tential antioxidant properties, has been completed when 
the honeys were diluted in water [33-35]. However, for 
honeys that have an intended use as a potential trmtment 
for an oral health condition, such as OM, lt is unknown if 
the addition of saliva lo the honeys causes a change in 
these properties. On average, humans produce approxi· 
mately 0.5-1.0 L of saliva per day, ,vith its composition 

consis'tirlg predominantly of water (94-99o/o) [,36]. Saliva 
also contains a range of organic and inorganic constitu· 
ents, including a varlety of enzymes such as amylase, 
desquamated epithelial cells, microbes, and food debris 
[,36]. The role of saliva includes pro,iding a protective 

environment for the mouth, and participating in the initial 
phases of digestion [,36]. The nonnal pH of saliva is re· 
ported to be around 6.2-7.6 [37], and allows for saliva's 

buffering capacity, and is influenced by factors such as 
dietary intake and salivary flow rate [38). Additionally, 
similar to honey, it has been identified that saliva displays 
antiox:idant [39] and antibacterial [40] activity, and 
has been demonstrated to possess wound-healing abilities 
[41]. Therefore, the aim of this exploratory study was to 
identify some of the factors contributing to the in vitro 
wound-healing properties, including the antiox:idant 
characteristics and pH, of a range of commerdaUy avail· 
able Australian honeys diluted in saliva. This will poten· 
tially mimic the conditions of the oral cavity, wruch may 
provide an indication of saliva's role when honey is used as 
a tteatment for OM. Further, we aimed to identify if these 
properties were analogous to those displayed when honey 
is diluted in water. 

Methods 

Chemicals 

AU chemicals used in this study: Ethanol, Methanol, (t ),6.hydroxy-

25. 7 .8-tetramethylchro mane-2-carbo,cy licadd (f rolox), 2 . .2-0i phenyl• 

l -pk1,'lhydraz.yl (DPPH). 2,4,6•Tripytidyl•S•tri.az.ine (FPlZ), f erric 

Ch loride. Hydrochlo ric Acid and Sodium Acelaie Trihydrate were 

purchased frOm Sigma Aldrich (CasUe Hill. Sydney. Australia). 

De.ioni~ water W'ctS prepara:t usi~ the Millipore water purification 

system. wb h a resCSthity higher than 18M0cm-• (Millipore Aw.tralia. 
North Ryde. Ai.r.tralia). 

Saliva sample collection 

Tl'is study was appro ,,-ed by the University or Canberra Human 

Resm n:h Ethic; Committee(UCHlULC:10180293), and informW written 

consent was obtained from a1J participants. A total or 15 healthy 
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participarts (six males and nine females) were recruited until the 

target saliva volume vrc1s ac.hiei.'ed with ages ranging from 22- 54 years 
(mean ,34. l ± Jl.2 years). Based o n calcula tions tha t 1100 ml of saliva 

was required to complete lhe included assays, participants were asked 
to jYOvide 10 ml of saliva per session. with a tot.al of approximately 
70 mL per participanL Saliva was collected in sterilised sped.men 
collection conlainers using the passh-edrool saliva collection method 

[42}. All samples were collectW in a fasted slate upon waking and 
parti c:ipartswere instructed to refrain fromwater wnsumption within 

10 min of collectio n~ ensuring the sample wdS oot diluted. Following 

collection. participants were instructed to immediately place the 
collection cont.airers into a - 18 4 C f mez.e.r. Participants were asked to 
refr-.t in from saliva collection if lhey presented a ny illnesses I.hat 
affected lhe preserx::e of inOammatory markets in tte oral cavity o r 

saliva. or if lhey had preserted these symptoms within seven days of 
anticipated salivd colloction. 

SaUva sample preparation 

AU individual fmien saliva samples were lhawed for 48 h al S 0 ½ 
1,-ortexed to ensure equal d istributOn o f oolls throughout lhe sus-

pen."<aon. a nd the n pooled into a single samp'le. Following lhis , only 

half o f the ix,oled samj'.ie was centrifuged (30 min; 2118 RPM) to 
remo.,.eanyepitheHal cells and 10 isolate lhe cell 4 frne saliv.trysuper• 

natant[43J. The twosalivasampleswerethen refroi.e.n until use. whe re 

they were again thawed for 48 h at S "C. 

Honey samples 

ln total. 42 commercia lly available honey samples wa-e puR:hased 
from local s upermarkets (Aldf. Coles•. lndependenl Grocers 
Australia* , Woolwor~ across the Australian capital TerrilOry 

{ACT) in 2017 and 2018 based on their availability a t the time of pur• 
chase. All ho neysampleswere~1ored indarknt"$al room te mperature 

(26 t 3 °<:) immediately after purchase. according to recommended 
guidelines [44J. Ho ney samples were sorted a lphabetically and were 
the n assigoodan identifx:ation letter ranging from A to AP. Due to the 
honey samples being purchased from supermarkets and oot the ir 
original produ:ers, info rmation regarding the honey's floral o rigim is 

unkno wn. Eac:.h ho ney sample was diluted with either deio nised (00 
water, a.>:ntrifuged saliv.uy ~1.1perm.tant (~, o r whole saliva (W~1. 
with a ll d iluents used for each ind ucted assay. The concentration of 
honey used for each assay w.1s detennined through preliminary 
analy~is o f the utilised assays a nd remained constant fo r each w,say 
regardless of tb.>: diluent used Once d iluted. the samples were soni

cated (FX.P4, lfltrasonics AU'>tralia. Brookvale . NSW) fo r S min to 
produre a clear. sedim ent•freesolution [44]. To i;Ke\<ent I.he potentia l 
temperature-related degr.u:tation o f oompowtds . care was tclken to 
e nsure ho ney sample. did not exceed a temperatureof '>SO CC [44J. 

Antioxidant characteristics of honey 

2,2-diphenyl•l •piaylhydrazyl (OPPH) assay: The OPPH ~ay was 
used to determine the a ntioxidant radical sc.n-enging capacity of t he 

honey samples [4.51. Following dilution with or water. CS and W'S 
(analysis of undiluted honey not possibl e due to equipment a nd 

experimental sped6cations). Lhe absorbance W'd.S measured in lripli• 
cate at S15 nm (Multiskan Go, Thermo Scientific. USA). Results were 

reported as miUimoles of Trolox equivalents per gram of ho ney 

(mmol TE/g) and werecalcula tW using the follo wing equation (note: 
M,,..,,-i,,>.29 g/mol) [451, 

Tmbxequtvalen1 = {(lnhlbi1lm(" )- (11\leteept)/slo pe)/M-}• - J 

S ubiequenlly. theperamt.ageof inhibilion o fthe honey samples 
was determined according to the following equatio n: 

OPPH lnhibil On ( % ) = ( I - (sample Abs/ reagent blan.k))•lOO 

Ferric reducing antioxidant power (FRAP) assay: The ferric reducing 

antio:<idant power (PRAP) assay was completed aa:ortiing 10 Thai• 

pong et aL (4S). The absorba rre ~ meawred in lliplicate at 593 nm 
(Multiskan Go. The nno Scientific. USA) for a U ho ni:}'$ d iluted in 01 
water, CS a nd WS (analysri of Wld.iluted OOney no t IX)SSible due to 

equii;rnent a nd experimental specifications). Results we.re expressed 
as miUimoles ofTrolox equivd.lenls per gram o f OOney (mmol TE/g). 

Honey pH 

For the&rte.nniMtionofthepH, rnod.ified SO%(w/v)conamtrationsof 

e--dCh honey were prei:sred with DI water:, CS a nd WS to re.plim te the 
oialcoru.umjj ion of honey. The pH of thesamplesdiluted in the three 
d ilution conditions. and the und ilutut honey was :me:a~ured at room 
temperature (Z}.4 :t 1.6$ Cl(:) in triplicate immediately fo llowing ind i• 

vidual dilutions u.\i ng a pH meter (MettJe r Toledo, Port Melbourne . 
Aw.1ralia) [46J. 

Statistic.al anatysis 

Statis tical analysis wasoompleted us ing lBMSPSS Stati~1:ics wrsio n 2S 
(Armonk. NY: lBM Corp). The normality of a ll vc1 riables was assessed 
before analysis to determine tl-e suitabili ty for p:ardmetric or no n~ 
parametrk: methods using the Shapiro-Wilk test for normality. The 

no nnaUy dfatributed variables were presented as mean "1' standard 

deviation, and the v.uiables that were not no nnally d istributed were 
reported as median(inte.rquartile range). At lea.gone variable for each 
assay was determined to be no t normally diStributed Consequently, 
the Friedman Two-Way ANOVA wilh adjusted Wikoxon Signed Rank 

Test as post-hoc was utilised to identify the d ifferen::es between each 
of the dilutio n conditions for each o f 11:e assays. Differences we.re 
considered s ign.ifi rant a t a lei.'el of p('Q.OS. 

Resu lts 

Honey antioxidant characteristics 

The anti radical scavenging capacity of the honey samples 
when diluted in the three diluent conditions was a,,-se,,-sed 

through the DPPH method. As shown in Table I (complete 
data presented in Supplementary Table St) and Figure 1A, 

the scavenging capacity of the honeys that were diluted in OJ 
water ranged from 0207 t 0.045 mmol TE; 20.S t 4.32o/o 
(honey AE) to0.713 t 0.041 mmol TE;69 .0 ;;J.97o/o (honey Y). 
The samples diluted in both the CS and the WS reported 



The Use of Commercially Available Honeys as a Potential Treatment for Oral Mucositis in Oncology Patients 

380 

 

  

4 - Hunter el al.: Interaction between properties of commercial Austratian honey and saliva DE GRUYTER 

similar ranges, bowever incre39'.!d following dilution wilh 
lhe;e salivary conditions. For lhe samples diluted in the c;, 
lhe antiradical scavenging ranged from 0.095 (0.(>45} mmol 

TE:; 9.21 (J.98}¾ (honey AE) to 0.753 (0.025) mmol TE; 68.0 

(2.24}¾ (honey Y), and 0.182 t 0.033 mmol TE; 16.7 t 2 93"/4 

(boney AE} to 0.735 ;; 0.095 mmol TE; 65.7 ;t BSlo/o (honey Y) 

in the samples diluted in the WS. The same samples were 
aroong the highestandlowestantiradical scavenging capacity. 

The redud ng power of the honey samples wa.s assessed 

using FRAP for each of the three dilution conditions, with the 
lowesi values reported for the honeys diluted in DI water. 

As demonstrated in Table 1 (complete datJ presented in 

Supplementary Table S1) and Figure LB, these values range 
from 0.670 t O.J90mmol TE (honey n to 3.76 t 0.158 mmol TE 

(boney Y}. Comparatively, lhe honeys diluted in lhe CS, 

ranging from 3.24 (0.235) aurol TE (honey n to 5. 0 

(OJ01} mmol TE (boney I'), reoorded an increased reducing 
po,,.,, than the DI water. The honeys diluted in the WS re
ported lhe highest ove.rall FRAP values of lhe three diluents, 

ranging from 3.76 (0.728) mmol TE (honey /J to 5.53 
(0.6U) mmol TE (honey }'.). 

Honey pH 

As de;cribed in the literature, a honey's low pH has been 

assodated with honey's wound-healing abilities through 
contributing to lhe inhibition ofbatterial infettions at ,,.,und 

sites [24, 27). Therefore, identifying the interactions between 

saliva and the pH of the included honeys provides an indi· 
cation of the pH if applied to lhe mouth in the management 

of OM. Initially, lhe pH of lhe three diluents was tdle<.ted 
(fable2;compleiedata i:,e;ented in Supplementary Table 52; 

Figure 10, with the lowest pH being re<.-orded for DI water, 

,vith CS and WS following. The pli of lhe diluted samples 

followed the same !rend, with lhe pH of lhese samples 
inHuent-ed by their diluen~ and the pH of the undiluted 

honeys reporting lhe lowesi pH (range: 3.74 (0.020); boney 
AF - 4.64 (0.160); honey A). Of the diluted samples, !hose in 

DI water reported the lowest pH (range: 4.08 (0.040); honey 

AP-5.06(0.050); honey Al), followed by the samples diluted 
in the CS (range:550 ,t 0.060; boneyO -7.02 ,t 0.021; honey 
Al). The honeys diluted in the WS reported lhe highestoverall 

pH (range: 5.92,t 0.104; honey O - 7.f'A at 0.017; honey Al). 

Difference between the dilution conditions 

The completion of a Friedman Two-Way ANOVAallowed for 

the deiennination of the differences between lhe salivary 

conditions for lhe included honey properlies. As demon· 

strated in Figure b\, it was identified that there were sig· 
nificant differences for DPPH between the samples diluted 
in DI water with thesamplesdilutedin bolh CS andWS (bolh 

p<0.001). However, there was no dHferenc.-e between the 
samples diluted in the hvo salivary conditions (p=0.931). l n 
comparison, there we.re significant differences (all p<0.001) 
between tbe lh.ree dilution conditions for the other analysed 

antioxidant characteristic, FRAP(Figure 2B). 

Thedeiermination oflhe pH included as-ses;ing lhe pH of 

lhe undiluted honey samples, in addition to lhe pH of the 

honeys diluted in lhe three dilution conditions As shown in 

Figure 2C, it was identified that the undiluted honey samples 
were significantly different from ea:h of lhe dilution condi· 
tions (all p<0.001). Additionally, difference; ,,.,,e reported 

among each of these dilution conditions (all p<0.001}, with the 

pH of lhe honeys incrmsing significantly from those diluted in 

DI '"'ter, to the CS, and finally with !hose diluted in WS. 

Table 1: Summary of the antioxidant characteristics for a range of commercially available "4.Jstralian honeys diluted in water. centrif u_ged 
salivary supernatant, and whole sativa from heallhy participants. 

Antioxidant Honey + water Honey +- salivary supernatant Honey + whole saliva 
characteristic (mmol TE. %inhibition) (mmol TE; %inhibition) .. (mmol TE: %inhibition) 

DPPH Range 0.207- 0 .71); 20.S- 69.0 0.095-0.7S3; 9.21- 68.0 0.182-0.735: 16.7• 6 5.7 
Mean t. SD/ Median (IQR 0.4.til 1 0.096; 42.9 t 9.21 0.490 (0.062): 44.5 (5.55) 0.491 -i- 0.116; 44.0 -i- 10.3 

Antioxidant Honey +- water (mmol TE) Honey +- salivary supernatant Honey + whole saliva 
characteristic (mmot TE)" (mmol TE)• 

FRAP Range 0 .670• 3.76 3.24• 5.13 3.76-5.53 
Mean • SD/Median (IQR 1,9h0,626 4,09 (M20) J4 (0.461) 

All methods completed in lriplicate for each sample (honeys n•42). Normally distributedvariablesare presented as mean ± standard deviation 
{SD), and not normally distributed variables are reported as median (interquartil~ range (IQR)) and are identified by ,.,. 
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Figure 1: The (A) DPPH (mM TE), (B) FRAP(mM TE), and (C) pH of a range of commercially available Australian honeys diluted in water, 
centfifuged salivary supernatant, and whole saliva from healthy participants. 
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Table 2: Summary of the pH for a range of commercially .rvailable-Austratian honeys diluted in water. centrifuged salivary supernatant, and 
whole saliva from healthy participants. 

Undiluted honey• Honey + water• Honey + salivary supernatant Honey +whole saliva 

Range 3.74--.4.66 4.08- 5.06 5.5<>-7.02 5.92- 7.04 

pH Mean i: S0/ M~ian (IQR 4.06 (0.22)) 4.47 (0.21)) 6.26 "2; 0. 292 6.4H 0.2)7 
Diluent pH 6.97 (0.08) 8.16 -i; 0.0 10 8.16 -i: 0.01S 

Data for all dilution conditions was collected in triplicate {honeys n=42). Normally distributed variables are presents as mean .:t standard 
deviation (SD), and not normally distributed variables are reported as median (interquartile range (IQR)) and are identified by ..... 

• 

• 
• ••• • • 

.. 
w .. 
:I! 
§.0.,.4 
:c .. 
l!i 

02 

••• 
(A) •-'--~-~-~..,_(B...:c)_ (C) ,-'------~-.;._.:.. 

Figure 2: The diff ~rences between the diluent conditions for fA) OPPH (mM TE). (B). FRAP (mM TE), and (C) pH for a range of commercially 
available Australian honeys. Significant differences are indicat~d by""'; statistical significance is reported a.s p<0.001. 

Discussion 

To Ole best of our knowledge, this is Ole fir.,i p,per to inve;

tigate Ole inlluenc-eof salivaon Ole antioxidant characteristics 
and pH of hont')', which are some of the properties attributed 

to honey's wound-healing abilities [24]. ft bas been reported 

Olat during centrifugation, epithelial and food debris, and 

high molecu lar weight protein molecules are separated, 

hO\\Ever that low molecular weight proteins do not predpi· 
tate during Ole c-enlrifugation process [43]. Due to Olis, the 
inclusion of both centrifuged salivary supernatant (CS) and 

whole saliva (WS) as diluents allowed for the identification of 

which condition of saliva potentially caused any dilferenres 

in the honey's antioxidant properties and pH. The results of 

Olis study denxmstrate that Ole dilution of honey in CS and 
WS can alter these propertie; of honey compared wiO, boO, 

undiluted honey and honey diluted in Dlwater. This suggesis 

that honey and saliva are an acceJXable combination for 
prospective oral wound-healing, 1,iO, saliva supporting 9:lme 

of honey's potential wound-healing properties. 

Specifically, compared to honey diluted in DI water, the 

assessed antioxidant characteristics increased when the 
honeys were diluted in the two salivarymnditi.ons. Previous 
research has identified that there is no difference between 
the total antioxidant cap,city of saliva before and after 

receiving RT [4 7]. Therefore, the demonstrated increased 

antioxidant potential when honey was diluted in Ole saliva 

of hmlthy partidp,nts in this study could be indicative of 

the interaction observed between honey and the saliva of 
patients receiving RT. Alternatively, the pH of the undiluted 

honey also increased successively when diluted in Ole DI 

water, CS, and WS, with honey's antibacterial abilities partly 

attributed to a low pH [27]. However, the pH ofthesediluems 

was larger than the pH of the undiluted honey, with the 
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addition of honey to !hem being suc-ce;sful in lowering the 

pH of all dilution conditions when combined. This sugge.1.s 
that lhe addition of honey to the mouth, such as in the 
management of OM, could tempocarily lower the pH of the 
oral cavity, placing the solution in a pH range suitable for 

bacterial growth inhibition. Despite this, unlike the un· 
changed antioxidant capacity (47}, the salivary pH of pa· 
lients ret'eiving RT is redut'ed mmpared to pre-RT levels 
(48]. Therefore, we cannot anticipate !hat the results of this 

study are transferrable to the onmlogy population. 
Several salivary mmpounds have be'eO reported to 

mntrihute to its antioxidant function, including a range of 
mt'tabolites and enzyme;, particularly uric add, which mn· 
tnbutes around 70o/o of the salivary antioxidant ability (49]. 
As can be seen in the lack of differenre ben""'n the nvo 
salivary mnditions for DPPH, the radical scavenging capacity 
of the CS was as effective as that of the WS.1his mnfirms that 
salivary biological molecules pos-se,,-s their own unique 

antioxidant abilities separate from lhe larger, precipitable 
molecules such as rellular debris. In comparison, the sig· 
nificant different'!! benveen the salivary mnditions observed 
for FRAP suggests that the molecules in the WS, such as the 
epithelial and food debris, and the larger protein mole<.ules, 
possess additional antioxidant power to lhe mole<.ules 
remaining in the CS. A limitation of this finding is caused by 
the spectrophotometric analy,,-is technique used for the 
antioxidant characteristic assays. This technique measures 
the light absorption of solid compounds (50], however the WS 
comained additional solid particles, such as lhe epithelial 
and food debris, which had the potmtial to obstruct the 
Spt'Ctrophotometer. If an obstruction did occur, this could be 
a potential explanation as to !he difference in FRAP reducing 
ability behveen the hvo salivary conditions. However, if Ibis 

is lhe case, tbis obs-truction should have been also refle<.ted 
,vith a significant differenre in the salivary conditions for 
DPPH dilutions, where no different'!! was observed. 

While the pH of the undiluted honey samples was 
able to be assessed, it was not possible to assess the 
antioxidant characteristics (DJ>PH and FRAP) of the un· 
diluted samples. This was due to equipment speciftca· 
tions, and a oomparison between the undiluted and 
diluted samples could not be determined for these 
properties. Additionally, while the pH of each diluent 
was recorded for the pH of honey, the antioxidant char
acteristics of both undiluted saliva conditions were not 

asses-sod as part of this study. Therefore, their scav
enging abilities separate to being combined with honey 
cannot be discussed. Despite these limitations, the re· 
suits of this study provide an insight into how saliva 
could interact with some of the properties attributed to 
honey's wound-healing abilities if being used for the 

management of OM. The increase in antioxidant char· 
acteristics, and the decrease in the pH of the saliva by the 
addition of honey suggests that the application of honey 
to the oral cavity, in terms of some of the properties 
attributed to wound-healing, is supported by s aliva. This 
should be confirmed \"tith similar research, however us
ing saliva collected from patients receiving CT or RT, and 
the measurement of additional properties attributed to 
honey's wound-healing abilities. Furthermore, clinical 

trials are required to investigate the application of honey 
in the treatment of OM in patients receiving the causative 
oncology treatments. 

Conclusions 

The present study identified significant differences in the 
antioxidant characteristics and pH of a range of honeys 
when diluted in bolh CS and WS, compared to honey 
diluted in water and undiluted honey. Though the salivary 
biological molecules were shown to display antioxidant 
abilities in the CS samples, larger precipitable molecules, 
such as epithelial and food debris present in the WS sam· 
pies, potentially contribute to further antioxidant reducing 
power, as demonstrated by the FRAP assay. Previous 

research has focused on the properties of honey when 
diluted in wafer. However, this research, through utilising 
saliva, pcovides further insight into the potential efficacy of 
honey a'5 a treatment tbr oral hmlth wound conditions. 
Some of the pcoperties attributed to hooey's 1\0und-healing 

abilities, including the antioxidant charatieristics and pH, 
have the potmtial to be supported by saliva's biologic:al 
molecules, such as when honey is applied to the oral cavity in 
the management of OM. 
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Appendix 6b. Supplementary files 

Supplementary Table S6. The antioxidant characteristics (DPPH and FRAP) for a range of commercially available Australian honeys diluted in 

water, centrifuged salivary supernatant, and whole saliva from healthy participants.  

Honey ID DPPH FRAP 

 Honey + Water  

(mmol TE; %Inhibition) 

Honey + Salivary 

Supernatant  

(mmol TE; %Inhibition)* 

Honey + Whole Saliva 

(mmol TE; %Inhibition) 

Honey + Water 

(mmol TE) 

Honey + Salivary 

Supernatant  

(mmol TE)* 

Honey + Whole Saliva  

(mmol TE)* 

A 0.399 ± 0.043; 38.9 ± 4.14 0.486 (0.166); 44.2 (14.9) 0.495 ± 0.026; 44.5 ± 2.29 1.07 ± 0.173 3.94 (0.368) 4.35 (0.340) 

B 0.416 ± 0.029; 40.6 ± 2.73 0.494 (0.170), 44.9 (15.2) 0.577 ± 0.005; 51.7 ± 0.486 1.10 ± 0.473 3.91 (0.118) 4.13 (0.449) 

C 0.462 ± 0.034; 45.0 ± 3.25 0.576 (0.153); 52.2 (13.6) 0.532 ± 0.081; 47.7 ± 7.12 2.36 ± 0.057 4.38 (0.475) 4.71 (1.13) 

D 0.378 ± 0.017; 36.9 ± 1.67 0.470 (0.113); 42.7 (10.1) 0.452 ± 0.008; 40.7 ± 0.719 1.98 ± 0.112 4.20 (0.269) 4.55 (0.644) 

E 0.527 ± 0.016; 51.2 ± 1.51 0.542 (0.131); 49.1 (11.7) 0.567 ± 0.024; 50.8 ± 2.13 1.91 ± 0.153 4.05 (0.290) 4.40 (0.369) 

F 0.459 ± 0.038; 44.7 ± 3.68 0.470 (0.062); 42.7(5.58) 0.482 ± 0.020; 43.3 ± 1.74 2.06 ± 0.292 4.10 (0.173) 4.50 (0.195) 

G 0.328 ± 0.020; 32.1 ± 1.92 0.354 (0.044); 32.3 (3.94) 0.363 ± 0.040; 32.8 ± 3.52 1.20 ± 0.181 3.53 (0.273) 4.03 (0.432) 

H 0.315 ± 0.021; 30.8 ± 2.03 0.463 (0.074); 42.1 (6.61) 0.489 ± 0.048; 43.9 ± 4.24 1.70 ± 0.398 4.05 (0.394) 4.17 (0.466) 

I 0.464 ± 0.046; 45.1 ± 4.41 0.385 (0.045); 35.1 (4.02) 0.328 ± 0.031; 29.7 ± 2.73 2.37 ± 0.208 3.82 (0.300) 4.57 (0.384) 

J 0.242 ± 0.020; 23.9 ± 1.94 0.257 (0.046); 23.7 (4.15) 0.315 ± 0.016; 28.6 ± 1.45 0.670 ± 0.390 3.24 (0.235) 3.76 (0.728) 

K 0.324 ± 0.030; 31.7 ± 2.85 0.329 (0.081); 30.1 (7.26) 0.303 ± 0.021; 27.4 ± 1.83 1.55 ± 0.234 3.68 (0.029) 3.98 (0.419) 

L 0.515 ± 0.038; 50.0 ± 3.68 0.565 (0.087); 51.2 (7.79) 0.558 ± 0.042; 50.1 ± 3.75 2.62 ± 0.577 4.24 (0.295) 4.80 (0.147) 
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M 0.412 ± 0.073; 40.2 ± 7.01 0.386 (0.038); 35.2 (3.36) 0.468 ± 0.023; 42.1 ± 2.06 1.52 ± 0.101 3.57 (0.050) 4.17 (0.173) 

N 0.466 ± 0.028; 45.3 ± 2.66 0.698 (0.073); 63.1 (6.50) 0.707 ± 0.033; 63.2 ± 2.91 1.61 ± 0.208 3.80 (0.349) 4.20 (2.35) 

O 0.594 ± 0.047; 57.6 ± 4.50 0.571 (0.082); 51.7 (7.36) 0.525 ± 0.088; 47.1 ± 7.81 3.08 ± 0.635 4.76 (0.465) 5.23 (0.919) 

P 0.423 ± 0.034; 41.2 ± 3.23 0.599 (0.077); 54.3 (6.88) 0.532 ± 0.048; 47.7 ± 4.22 1.96 ± 0.313 3.73 (0.358) 5.27 (0.653) 

Q 0.379 ± 0.047; 37.0 ± 4.54 0.321 (0.028); 29.4 (2.52) 0.384 ± 0.014; 34.6 ± 1.20 1.21 ± 0.098 3.72 (0.085) 4.33 (0.181) 

R 0.422 ± 0.052; 41.1 ± 4.98 0.493 (0.045); 44.8 (4.01) 0.505 ± 0.040; 45.3 ± 3.49 1.73 ± 0.139 4.14 (0.429) 4.31 (0.348) 

S 0.413 ± 0.018; 40.3 ± 1.73 0.540 (0.071); 48.9 (6.34) 0.496 ± 0.010; 44.5 ± 0.857 1.91 ± 0.114 4.09 (0.388) 4.64 (0.181) 

T 0.465 ± 0.016; 45.3 ± 1.54 0.621 (0.009); 56.2 (0.835) 0.565 ± 0.032; 50.7 ± 2.85 2.50 ± 0.472 4.27 (0.420) 4.79 (0.335) 

U 0.470 ± 0.021; 45.7 ± 1.98 0.507 (0.102); 46.0 (9.08) 0.552 ± 0.011; 49.4 ± 0.950 1.71 ± 0.222 4.29 (0.749) 4.46 (0.656) 

V 0.375 ± 0.001; 36.6 ± 

0.079 

0.414 (0.083); 37.7 (7.45) 0.555 ± 0.054; 49.7 ± 4.79 1.60 ± 0.411 3.90 (0.127) 3.95 (0.446) 

W 0.373 ± 0.049; 36.4 ± 4.67 0.461 (0.053); 41.9 (4.73) 0.440 ± 0.054; 39.6 ± 4.77 2.02 ± 0.267 4.03 (0.301) 4.13 (0.075) 

X 0.391 ± 0.014; 38.2 ± 1.34 0.548 (0.141); 49.7 (12.6) 0.606 ± 0.090; 54.2 ± 7.95 2.66 ± 0.311 4.90 (0.291) 4.88 (0.147) 

Y 0.713 ± 0.041; 69.0 ± 3.97 0.753 (0.025); 68.0 (2.24) 0.735 ± 0.096; 65.7 ± 8.51 3.76 ± 0.158 5.13 (0.101) 5.53 (0.612) 

Z 0.569 ± 0.049; 55.2 ± 4.72 0.718 (0.105); 64.9 (9.43) 0.725 ± 0.058; 64.8 ± 5.10 2.84 ± 0.266 5.06 (0.293) 5.27 (0.475) 

AA 0.496 ± 0.019; 48.2 ± 1.79 0.541 (0.028); 49.0 (2.53) 0.365 ± 0.086; 32.9 ± 7.60 2.43 ± 0.070 4.50 (0.852) 4.35 (0.507) 

AB 0.360 ± 0.031; 35.2 ± 2.98 0.475 (0.038); 43.2 (3.44) 0.389 ± 0.061; 35.1 ± 5.43 1.79 ± 0.157 3.96 (0.405) 4.30 (0.392) 

AC 0.419 ± 0.008; 40.8 ± 

0.812 

0.482 (0.030); 43.8 (2.72) 0.459 ± 0.023; 41.2 ± 2.05 1.57 ± 0.262 4.04 (0.318) 4.09 (0.580) 

AD 0.495 ± 0.106; 48.2 ± 10.2 0.495 (0.103); 44.9 (9.20) 0.559 ± 0.032; 50.1 ± 2.79 1.73 ± 0.174 3.27 (0.829) 4.19 (0.256) 

AE 0.207 ± 0.045; 20.5 ± 4.32 0.095 (0.045); 9.21 (3.98) 0.182 ± 0.033; 16.7 ± 2.93 0.841 ± 0.297 4.14 (0.571) 4.06 (0.292) 
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AF 0.401 ± 0.021; 39.2 ± 1.97 0.546 (0.068); 49.5 (6.05) 0.424 ± 0.039; 38.2 ± 3.44 2.35 ± 0.504 4.33 (0.157) 4.33 (0.729) 

AG 0.439 ± 0.076; 42.8 ± 7.30 0.443 (0.047); 40.3 (4.20) 0.561 ± 0.023; 50.3 ± 1.99 1.66 ± 0.153 4.14 (0.312) 4.19 (0.332) 

AH 0.545 ± 0.058; 52.9 ± 5.51 0.538 (0.025); 48.7 (2.19) 0.558 ± 0.044; 50.0 ± 3.88 2.10 ± 0.334 4.38 (0.661) 4.77 (0.489) 

AI 0.596 ± 0.046; 57.8 ± 4.38 0.658 (0.034); 59.6 (3.03) 0.705 ± 0.009; 63.0 ± 0.753 2.34 ± 0.372 4.40 (0.552) 4.53 (0.229) 

AJ 0.376 ± 0.047; 36.7 ± 4.53 0.453 (0.053); 41.1 (4.71) 0.441 ± 0.012; 39.7 ± 1.04 1.17 ± 0.228 3.71 (0.805) 4.02 (0.622) 

AK 0.438 ± 0.043; 42.7 ± 4.12 0.462 (0.029); 42.0 (2.58) 0.460 ± 0.033; 41.4 ± 2.95 2.36 ± 0.220 4.33 (0.257) 4.08 (1.14) 

AL 0.509 ± 0.065; 49.5 ± 6.25 0.533 (0.093); 48.3 (8.27) 0.492 ± 0.129; 44.2 ± 11.4 1.98 ± 0.502 4.23 (1.13) 4.34 (0.833) 

AM 0.410 ± 0.067; 40.0 ± 6.41 0.386 (0.028); 35.2 (2.46) 0.349 ± 0.210; 31.5 ± 18.6 1.56 ± 0.076 3.44 (0.852) 4.21 (0.103) 

AN 0.600 ± 0.088; 58.1 ± 8.46 0.721 (0.157); 65.2 (14.1) 0.412 ± 0.102; 37.1 ± 9.00 2.56 ± 0.359 4.66 (0.743) 4.53 (0.096) 

AO 0.427 ± 0.098; 41.6 ± 9.40 0.400 (0.077); 36.4 (6.89) 0.466 ± 0.040; 41.8 ± 3.55 1.05 ± 0.168 3.81 (0.051) 3.81 (0.343) 

AP 0.502 ± 0.009; 48.8 ± 

0.829 

0.487 (0.079); 44.2 (7.08) 0.526 ± 0.033; 47.1 ± 2.93 1.88 ± 0.089 4.09 (0.469) 4.41 (0.603) 

Note: All methods completed in triplicate for each sample. Normally distributed variables are presented as mean ± standard deviation, and not 

normally distributed variables are reported as median (interquartile range) and are identified by ‘*’.  
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Supplementary Table S7. The pH for a range of commercially available Australian honeys 

diluted in water, centrifuged salivary supernatant, and whole saliva from healthy participants.  

Honey ID pH 

 Undiluted Honey Honey + Water Honey + Salivary 

Supernatant 

Honey + Whole 

Saliva 

A 4.64 (0.160) 4.62 (0.050) 5.97 ± 0.020 6.78 ± 0.049 

B 4.26 (0.110) 4.64 (0.060) 6.46 ± 0.040 6.74 ± 0.021 

C 4.01 (0.090) 4.47 (0.020) 6.37 ± 0.079 6.51 ± 0.025 

D 3.92 (0.220) 4.40 (0.070) 6.29 ± 0.053 6.55 ± 0.055 

E 3.86 (0.060) 4.35 (0.030) 6.65 ± 0.026 6.82 ± 0.031 

F 3.93 (0.060) 4.41 (0.040) 6.15 ± 0.046 6.41 ± 0.045 

G 3.98 (0.090) 4.41 (0.001) 6.55 ± 0.070 6.51 ± 0.026 

H 4.14 (0.120) 4.62 (0.020) 6.51 ± 0.040 6.57 ± 0.029 

I 4.17 (0.270) 4.53 (0.130) 5.79 ± 0.095 5.96 ± 0.121 

J 3.87 (0.070) 4.20 (0.010) 6.05 ± 0.093 6.24 ± 0.059 

K 3.95 (0.190) 4.43 (0.020) 6.16 ± 0.035 6.32 ± 0.046 

L 4.13 (0.050) 4.59 (0.030) 6.15 ± 0.068 6.30 ± 0.067 

M 3.89 (0.220) 4.20 (0.010) 6.36 ± 0.068 6.53 ± 0.035 

N 4.24 (0.010) 4.62 (0.070) 5.84 ± 0.113 6.57 ± 0.055 

O 4.35 (0.070) 4.66 (0.040) 5.50 ± 0.060 5.92 ± 0.104 

P 4.43 (0.170) 4.60 (0.060) 5.96 ± 0.040 6.31 ± 0.084 

Q 3.96 (0.110) 4.26 (0.100) 5.90 ± 0.059 6.09 ± 0.051 

R 4.01 (0.100) 4.36 (0.030) 6.07 ± 0.059 6.22 ± 0.068 

S 4.04 (0.270) 4.43 (0.080) 6.37 ± 0.076 6.33 ± 0.021 

T 4.05 (0.050) 4.37 (0.030) 6.25 ± 0.031 6.29 ± 0.021 

U 3.91 (0.080) 4.49 (0.030) 6.45 ± 0.021 6.54 ± 0.031 

V 4.07 (0.130) 4.55 (0.050) 6.62 ± 0.076 6.68 ± 0.017 

W 4.31 (0.160) 4.65 (0.020) 6.50 ± 0.032 6.59 ± 0.040 

X 4.12 (0.060) 4.46 (0.020) 6.17 ± 0.055 6.12 ± 0.030 
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Y 4.14 (0.210) 4.57 (0.050) 6.05 ± 0.060 6.09 ± 0.036 

Z 4.00 (0.070) 4.27 (0.030) 5.84 ± 0.075 6.07 ± 0.064 

AA 4.12 (0.060) 4.53 (0.070) 5.91 ± 0.093 6.32 ± 0.065 

AB 3.98(0.110) 4.36 (0.020) 6.12 ± 0.025 6.45 ± 0.047 

AC 3.98 (0.270) 4.28 (0.060) 6.44 ± 0.015 6.51 ± 0.042 

AD 3.95 (0.070) 4.53 (0.010) 6.59 ± 0.071 6.56 ± 0.031 

AE 4.32 (0.150) 4.57 (0.050) 6.29 ± 0.055 6.35 ± 0.025 

AF 3.74 (0.020) 4.11 (0.040) 5.98 ± 0.075 6.09 ± 0.098 

AG 4.18 (0.200) 4.42 (0.040) 6.44 ± 0.046 6.51 ± 0.046 

AH 4.17 (0.230) 4.56 (0.030) 6.37 ± 0.061 6.34 ± 0.021 

AI 4.60 (0.200) 5.06 (0.050) 7.02 ± 0.021 7.04 ± 0.017 

AJ 3.94 (0.170) 4.20 (0.050) 6.63 ± 0.066 6.62 ± 0.040 

AK 4.12 (0.190) 4.53 (0.020) 6.35 ± 0.047 6.18 ± 0.040 

AL 4.12 (0.110) 4.53 (0.010) 6.27 ± 0.044 6.36 ± 0.031 

AM 4.15 (0.290) 4.51 (0.060) 6.42 ± 0.056 6.43 ± 0.035 

AN 4.07 (0.150) 4.37 (0.070) 6.12 ± 0.060 6.33 ± 0.042 

AO 3.82 (0.160) 4.23 (0.030) 6.60 ± 0.071 6.59 ± 0.044 

AP 3.81(0.050) 4.08 (0.040) 6.34 ± 0.056 6.47 ± 0.031 

Diluent - 6.97 (0.08) 8.16 ± 0.010 8.16 ± 0.015 

Note: Data for all dilution conditions was collected in triplicate. Normally distributed variables 

are presented as mean ± standard deviation, and not normally distributed variables are reported 

as median (interquartile range) and are identified by ‘*’.  
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Appendix 6c. University of Canberra Human Ethics Committee 

approval 
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7b. The use of honey and bee products in the prevention and treatment of 

oral mucositis in cancer patients – a systematic review (Poster Presentation) 

7c. The use of honey as a potential therapeutic agent in the treatment of oral 

conditions – a systematic review (Poster Presentation) 

7d. Sensory, antioxidant and physicochemical influences on the likeability of 

a selection of commercially available Australian honeys 

(Poster Presentation) 
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Appendix 7a. The relationship between colour, antioxidant and 

phytochemical properties of some commercially available Australian honeys 

(Oral Presentation) 

42nd Nutrition Society of Australia Annual Scientific Meeting; 2018; Oral Presentation 

 

  

molecular pathways of absorption and metabolism of the most common dietary polyphenols are well understood, 
involving action by both endogenous enzymes and by the gut microbiota, and their bioavailability is directly linked to 

bioefficacy and effect on health biomarkers. The presentation will discuss how dietary polyphenols modulate 
biomarkers of lype 2 diabetes and cardiovascular disease risk, and how these effects are influenced by bioavailabilily 

and the gut microbiota. 

2. Regula r Abstracts 

2. 1. The Relationship between Colour and Antioxidant and Phytochemical Properties of Some Commercially Available 
Australian Honeys 

M. Hunter 1.2, N. D'Cunha 1,2, E.N. Georgousopoulou 1,2,3, D. Mellor 1,2,4 and N. Naumovski 1,2 

1 Nutrition and Dietetics, University of Canberra, Canberra , ACT, Australia 

2 Collaborative Research in Bioactives and Biomarkers, Canberra, ACT, Australia 

3 Nutrition-Dietetics, Harokopio University, Athens, Greece 
4 School of Life Sciences, Coventry University, Coventry, UK 

Honey is the supersaturated sugar solution produced from the pollen and nectar of plants, with its composition 

and appearance largely influenced by surrounding floral sources and its geographic origin. Honey exhibits a range of 
potential health benefits. which is proposed to be a result of its composition. This study investigated a selection of 

commercially available Australian honeys and potential associations between colour and the relatively unexplored 
phytochemical composition, including antioxidant characteristics. Commercially available Australian honey samples (n 
= 42) were categorised by 'front-of-label' descriptions and analysed for colour intensity (Spectrophotometric method; 

ABS450; mAU}; phytochemical content: total phenolic content (TPC; Folin-Ciocalteu; Gallic Acid Equiv. (GAE}}; total 
flavonoids (TFC; AJCl3; Catechin Equiv. (CE}}; and antioxidant characteristics (DPPH, CUPRAC, FRAP; Trolox Equiv. 

(TE)}. The 'Manuka-honey' category was higher in colour intensity (darker) than any other category (all p < 0.05); 
except for the 'organ ic-honey' category (p = 0.171). Colour intensity was positively correlated with each phytochemical 

- TPC (p < 0.001) and TFC (p < 0.001)-and individual antioxidant characteristics (all p < 0.05). The findings of this 

study indicate that more colour intensive (darker} honeys contained higher concentrations of phytochemicals. 
Conclusively, colour is a potential proxy measure for antioxidant and phytochemical quantification in commercially 

available Australian honeys. 

2.2. Strawberries-An Underestimated Dietary Source of Folate 

M. Netzel 1, N. Weber 1,2, C. Dumler 1,2, L. StriegeJ2, A. Phan 1, H. Trieu 1, M. Rychlik 1,2 and T. O'Hare 1 

University of Queensland, Coopers Plains, OLD, Australia 
2 Technical University Munich, Freising, Germany 

Folate is considered as a critical vitamin in many countries and folate deficiency is associated with neural tube 

defects in newborns. Strawberries are considered a tasty and healthy fruit by many consumers and may potentially be 
an important dietary source of natural folates, depending on variety and growing environment. Therefore, a broad 

range of different strawberry varieties and breeding lines was screened for their folate content and profile. Thirty-five 

Australian -grown strawberry varieties and experimental breeding lines were analysed for folate by stable isotope 
dilution assay. Total folate content ranged from 70 to 164 µg/ 100 g fresh weight, which was well above the value in the 

NUTTAB database (39 µg/1 00 g fresh weight). Furthermore, folate concentration in the outer strawberry tissue was 

found to be 1.5-1 .7-fold higher compared to the inner tissue of the fruit. 5-Methyltetrahydrofolate, the biologically 



The Use of Commercially Available Honeys as a Potential Treatment for Oral Mucositis in Oncology Patients 

398 

 

 



Appendix 7 

399 

Appendix 7b. The use of honey and bee products in the prevention and 

treatment of oral mucositis in cancer patients – a systematic review 

(Poster Presentation) 

Clinical Oncology Society of Australia 46th Annual Scientific Meeting; 2019 

 

  

Standardisation of QOL tools between studies would provide better insight into the QOL 
traj ectory of these patients post-operatively. Further research is needed to better assess 

QoL in these patients. 

163 The use of honey and bee products in the 
prevention and treatment of oral mucositis in cancer 
patients - A systematic review 
Maddison Hu nter1, Kellie Toohey 1, Jane Kellet1, Andrew McKune 1, Nenad Naumovski1 

1 University of Canberra, Bruce, ACT, Australia 

Aims: Cherne- and radiotherapy-induced oral mucositis can potentially cause reduced 

quality of l ife, treatment interruptions, decreased nutritional status and severe pain in 

cancer patients. Honey, propolis and royal j elly are proposed treatments for oral mucositis 
primarily due to th eir antioxidant, antibacterial and ant i-inflammatory effects. The aim of 

this systematic review was to assess the effectiveness of honey and bee products in the 

prevention and treatm ent of oral mucositis in cancer patients. 

Methods: Five electronic databases were searched (Cochrane, PubMed, Science Direct. 

Sc opus, Web of Science) following the PRIS MA (2015) guidelines, for randomised controlled 

trials assessing the effect of honey and bee products in the prevention and treatment of or al 
mucosit is in cancer patients. 

Results: In total, 9307 records were identified, with 11 studies included after the application 

of exclusion criteria. Only studies that used honey as a treatment met the inclusion criteria. 

These studies included head and neck cancer patients receiving radiotherapy (n = 7) or 

concurrent chemo-radiotherapy (n = 3), and leukaemia patients receiving chemotherapy 

(n = 1). Regard less of cancer type or treatment utilised, topically applied undiluted honey 

was effective in delaying onset and reducing severity of oral mucosit is compared with 

control groups (n = 10; P < .05). Honey application also improved patient 's quality of life, and 

fewer treatm ent interruptions were reported. The exception was where Manuka honey was 
ut ilised (n = 1 ), where considerable withdrawals were attributed to honey composition and 

no difference in peak mucosit is score between groups (P = .77). 

Conclusions: Based on the obseN ed findings, it appears that honey application is a 

potentially effect ive method in the prevention and tr eatment of oral mucositis induced by 

chemo- and radiotherapy in cancer patients. Nevertheless, larger trials should be conducted 

in future with focus on t iming of the treatment and application duration. In addit ion, study 
design should take the bioactive composition of the utilised honey into consideration. 

164 Improved gut integrity in female breast cancer 
survivors after a 12-week exercise intervention 
Naroa Etxebarria1

, Kellie Toohey1, Joe Northey1, JanetJenista1
, Andrew McKune', Stuart 

Semple 1, David Pyne 1, Nicole Beard1 

1 University of Canberra, Bruce, ACT, Australia 
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L-THE is a non-proteinogenic amino acid associated with the sensation of relaxation and decreased physiological 

stress response. However, the effect of L-THE when consumed as part of a complex nutrient mixture remairu to be 

elucidated. Thus, the aim of this double blind, placebo-controlled cross-over trial was to determine the acute 

physiological responses elicited by a single intake of a potential function al food product (whey protein-based mango

sorbet) containing L-THE (ms-l-THE; 200 mg wlw) vs. flavour and colour-matched placebo (ms) vs. fasting 

measurements. Eleven male participants (age 27.7 ± 10 yrs) were recruited and asked to consume both ms and ms-L

THE. Blood pressure, heart rate and heart rate variability (HRV) were monitored continuously over 90 min following 
ingestion of either products. The consumption of ms-L-THE produced a ch ange in HRV, indicated by a reduction in 

LFIHF ratio (,o = 0.043), compared to baseline but not against ms (p > 0.05). This response returned to baseline 
beyond 50 min post-ingestion. This result reflected an acute ms-L-THE mediated effect on the sympathetic nervous 

system with potential health benefits. 

3. 8. The Use of Honey as a Potential Therapeutic Agent in the Treatment of Oral Conditions- A Systematic Literature 
Review 

Maddison Hunter 1,2,3, Jane Kellett 1,2,3, Kellie Toohey 2,3.4, Andrew McKune 2,5, Nenad Naumovski 1.2 
1 Nutrition and Dietetics, University of Canberra, Canberra, Australia 
2 Collaborative Research in Bioactives and Biomarkers, Canberra, Australia 
3 Rehabilitation, Cancer, Exercise and Survivorship Research Group, University of Canberra, Canberra, Australia 
4 Exercise Physiology, University of Canberra, Canberra, Australia 
5 Sport and Exercise Science, University of Canberra, Canberra, Australia 
Tissues in the oral cavity are capable of rapid regeneration and repair. However, impa ired wound healing 

throughout concurrent illness or injury, such as following radiotherapy, commonly leads to poor wound outcomes. 
Honey is a reported therapeutic agent for wound healing, due to its antioxidant, antibacterial and anti-inflammatory 

properties. This systematic review assesses safety and efficacy of honey as a therapeutic in the oral cavity. Four 

electronic databases were searched (PubMed, Cochrane, Scopus, Web of Science) following PRISMA (Preferred 

Reporting Items for Systematic Reviews and Meta-Analyses, 2015) guidelines, for randomised controlled trials 

examining the effect of honey on oral cavity conditions. In total, 2832 records were identified, and after applying 

exclusion criteria, 13 studies were included. Honey was applied topically throughout; chemotherapy- or radiotherapy

induced oral mucositis (n = 10), dental wounds (n = 2), and recurrent aphthous stomatitis (n = 1). In the majority of 

studies (12/13), honey reduced severity and/or duration of the condition compared w ith control groups (p < 0.05). 
Where reported, treatment groups also experienced increased quality of life. However, a Manuka honey group (n = 1) 
experienced adverse effects and considerable withdrawals. In summary, honey as a therapeutic for oral con ditions 

appears effective, however honey composition control, specifically bioactives, should be considered for future 

investigations to quantify properties of honey for optimal wound healing. 

3. 9. Inflaming Public Interest: Public Perceptions on Nutrition and Inflammation 

Stephanie Cowan, Surbhi Sood, Helen Truby, Aimee Dordevic, Simone Gibson 

Monash University, Notting Hill, Australia 
The internet is a major source of dietary advice, and the public are turning away from traditional nutrition experts 

such as dietitians. To ensure the voice of the nutrition expert is not ignored, there is a need to consider innovative 

dietary strategies that garner greater public support. Inflammation and nutrition is an emerging area of interest for 

researchers and consumers alike. This research aims to explore public perceptions and experiences with this novel 

nutrition topic. Comments from discussion forums of a nutrition-based massive open online course were qualitatively 

analysed using the framework method. Two of six themes identified during coding are presented by this research: 'I 
need guidance but who do I trust?' and 'What I need from health professionals'. Overall, nutrition experts were seen to 

ignore or rebuff public enthusiasm towards emerging nutrition topics. They also underestimated public health literacy, 
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vlv), methanol/water (80/20 vlv), ethanol/water (60/40 vlv), ethanol/water (70/30 vlv), ethanol/water (80/20 vfv) at pH 
2.0 and pH 3.0 using ultra-sonication, geno grinder and dounce grinder methods and quantified by liquid 

chromatography mass spectrometry. All calibration cu rves showed linearity of 0.999 or higher. The total anthocyanin 
glucoside content ranged fro m 55.8 ± 0.7 mg to 84.9 ± 1.2 mg per 100 g of blueberries. Malvidin-3-glucoside was 

found to be the major anthocyanin extracted from all solvent compositions and extraction methods tested. This study 
showed that of the methods tested ultrasonication had the greatest effect on extraction yield, producing a reliable 
anthocyanin quantification method. These extraction procedures will allow potential use of blueberry anthocyanins in 
future research. 

3. 55. Sensory, Antioxidant and Physicochemical Influences on the Likeability of a Selection of Commercially Available 
Australian Honeys 

Maddison Hunter 1,2, Jane Kellett 1.2.3, Kellie Toohey 2,4 and Nenad Naumovski 1,3 

1 Nutrition and Dietetics, University of Canberra, Canberra , Australia 
2 Prehabilitation, Cancer, Exercise and Survivorship Research Group, University of Canberra, Canberra, Australia 
3 Functional Foods and Nutrition Research (FFNR) laboratory, University of Canberra, Canberra, Australia 
4 Exercise Physiology, University of Canberra, Canberra , Australia 

Honey's composition and appearance are largely influenced by floral and geographic origins. Australian honey is 
frequently sourced from supermarkets; however, properties associated with consumer preference are relatively 
unknown. A sensory and in-vitro analysis was completed on a selection of commercially available Australian honeys. 

Samples (n = 32) were analysed for visual, olfactory and taste characteristics, with overall likeability assessed by the 
trained sensory panel (n = 24; M = 12). In-vitro analysis included colour intensity (mAU), phenolic content, antioxidant 
characteristics (DPPH, CUPRAC) and physicochemical properties (pH, viscosity, Total Soluble Solids). When 
compared to the most liked honey sample, 23 samples were liked significantly less (p < 0.05). likeability of honey was 
positively associated (p = 0.005) with perceived sweetness and it was negatively associated (All p < 0.05) with 
crystallisation; odour intensity; waxy, chemical, and fermented smell; mouthfeel; aftertaste; sourness; bitterness and 
pH. Price (USD/1 00 g) was not associated with likeability (p = 0.143), indicating price value potentially does not 
influence consumer preference. Conclusively, significant differences between the likeability of honey samples 

demonstrate that not all sampled honeys are of the same quality to consumers. Additionally, the number of negative 
associations with likeability indicate consumer honey selection could occur due to the disapproval of properties, 
leading to their purchase rejections. 

3. 56. Molecular Mechanisms Towards Increasing the Nutrition Functionality of White Salted Noodles 

Ming Li 1 and Sushi! Dhital 2 

Institute of Food Science and Technology, CAAS/ Key laboratory of Agro-Products Processing, Beijing, China 
2 Department of Chemical Engineering, Monash University, Clayton, Australia 

White salted noodles are popular wheat-based food around the globe. Compared to pasta , noodles have a higher 

glycaemic response. The present work aims to increase the nutritional functionally of noodles by (a) manipulating the 
starch crystallinity, (b) varying the protein content and (c) optimising cooking and storage conditions. The digestive 
enzyme susceptivity of noodles was found to be associated with both degrees of gelatinisation of starch (limiting 
catal11ic action of a-amylase) as well as the gluten network encapsulating the starch granules (restricting the access 
of a-amylase). In terms of cooking, enzyme resistant starch (ERS), as well as the estimated glycaemic index (eGI) of 
microwaved and stir-fried noodles, were significantly higher (>20%) compared to conventionally cooked noodles 

through boiling and steaming. On the other hand, the ERS of cooked noodles stored at 25 ' C was significantly higher 
than noodles stored at 4 ' C. Supramolecular organisation (helical structure and crystallinity) had a more pronounced 
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