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Forward

If you like, and know something about Australian honeys, Leatherwood honey would be included in
your catalogue.

In 2018 there was a honey adulteration scandal in Australia and to protect this iconic honey, the
Tasmanian Beekeepers Association together with the Tasmanian State Government, approached the
CRC for Honey Bee Products to include its characterisation within its research program with the
provisothat the research be undertaken at the University of Tasmania. The Tasmanian Institute of
Agricultural Science at the University of Tasmania was contracted to ensure access to facilities and
expertise to deliver on requested outcomes. During the undertaking of this project, and with the
progress of honey traceability and marketing within the CRC, the project focus also included
marketing opportunities.

This reportis asummary, with the complete results and their interpretation to be outlined in the PhD
thesis from Katharina Schmidt and the papers that will follow.

Evident is that this honey, produced from a wild forest only found in Tasmania, is unique in its taste
and has all the bioactivity criteria to meet the health benefits that could be afforded from a honey
product.

Proof of its monofloral status only required finding the right technigue, and two avenues have been
identified, the level required for legal protection, and the quick visual proof for customer assurance.

Perhaps what is not covered by the scope of this project is the uniqueness of this rare forest in
Australia with the need for its protection, and the beekeeping skills required to attain this honey.
What was also evident is that the human sense is finer that what can be presently measured.

So as always, this work provides a meticulous foundation upon which to build.

Dr Liz Barbour
CEO
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Executive Summary

The Tasmanian honey industry relies on the Leatherwood flowering season to remain viable as the
consistency and volume of nectar flow provides the baseline supply of honey for beekeepers.

Tasmanian beekeepers and honey producers reported a farmgate value of $7.4 million in the 2017-
2018 season with production estimated to be 406 tonnes of honey sold with an overall price of
$18.23/kg. Of that, 173 tonnes (43%) being Leatherwood honey, which was estimated to be worth
$2.5 million and fetching an average price of $14.45/kg (DPIPWE 2019).

The Tasmanian State Government set a target to sustainably grow agriculture to a farmgate value of
$10 billion by 2050. The honey bee industry, though honey production and its associated pollination
services, are pivotal to achieving this. As Leatherwood is the mainstay floral source for honey in
Tasmania, the viability of the beekeepers in closely linked to the value of this local honey in the
national and international market. To this end, studies reported here have been established to
elucidate the characteristics and value attributes of Leatherwood honey to protect it against
adulteration and to assist marketing narratives.

The physiochemical properties of pH, electrical conductivity, colour, and water content in Tasmanian
Leatherwood honeys from 2013 to 2021 were assessed (Table 1). In addition, the antioxidant activity
(DPPH, FRAP and Total phenolics) and anti-bacterial activity (Peroxide activity) of Leatherwood
honey was explored (Table 1).

Table 1: The physiochemical properties of Leatherwood honey established by analysing honeys from 2013 to
2021.

Parameter range

pH range 45t06.0 50

EC 374 to 824 mean 541

Colour: 0.21t00.54 mean 0.39 absorbance units

Moisture: 14.9t0 18.0 mean 15.8 % (codex: not more than 20%)
DPPH 42 umol/100g AAE

FRAP Fe2+ eq. 123to0 252 pm/100g mean value of 445.7 + 98.9

Total Phenolics 22 to41 mg/g GAE

Peroxide activity 6to35g/g mean 21.2 + 8.4 ug

The first season of the project was 2019. Honey production in 2019 had the lowest mean pH and the
highest EC, colour, water content and antioxidant activity as measured by the radical scavenging
capacity using DPPH and FRAP. Antioxidant activity was moderately correlated with honey colour,
weakly correlated with water content, and negatively correlated with pH. The total phenolic content
was found to be positively correlated with honey colour (R?=0.71) meaning that the darker the honey
colour, the higher is the content of phenolic compounds in the honey.
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In the second year 2020, a high variation in hydrogen peroxide accumulation was observed ranging
from 5.7 to 35.2 pg per gram honey. Overall, the hydrogen peroxide accumulation was high with a
mean value of 21.2 + 8.4 ug per gram honey.

Storage trials showed that hydrogen peroxide accumulation decreased dramatically with honey age,
although a few samples from 2018 still had a high to moderate activity. A limited relationship was
shown to exist between peroxide activity, pH and EC and multiple linear regression analysis was used
to establish a combined model using pH and EC to predict hydrogen peroxide levels in Leatherwood
honey.

The levels of fructose, glucose and maltose were established using HPTLC in Tasmanian honey
extracts. Sucrose was detected at levels below 5g/100g. Fructose (mean 40.7g/100g), glucose (mean
31.1g/100g) and maltose (mean 1.1g/100) together constituted 73% of Leatherwood honeys.

Leatherwood honeys had a distinctive volatile profile whether analysed as solvent extracts or by
sampling headspace of Leatherwood honey by SPME. 2,6-Dimethyl-3,7octadiene-2,6-diol and
hotrienol constituted the principal components in Leatherwood honey and are likely to contribute to
the characteristic flavour and aroma. A minimum of four volatile components were of sufficient
dominance in the gas chromatographic to be of potential use as a volatile signature of Leatherwood
honey.

In the volatile profile the average ratio of hotrienol, 2,6-dimethyl-3,7octadiene-2,6-diol, 1,4-
dimethyllindanyl acetate and (S)-dehydrovomifoliol was in the order of 1:5:1:5 respectively (though
the level of hotrienol may be influenced by the analytical methodology as it is a thermal degradation
product of 2,6-dimethyl-3,7octadiene-2,6-diol). (S)-Dehydrovomifoliol was not detected when using
SPME GC MS in this study. Methyl syringate was detected in the volatile profile. This chemical is a
strong superoxide scavenger and was present in all Leatherwood honey at concentrations ranging
from 0.32ppm to as high as 37.95ppm. 3-Phenyllactic acid, which has been shown to inhibit the
growth of Aspergillus fumigantsand Penicillium rogueforti, was detected in 83% of Leatherwood
honey but at relatively low concentration of 0.12 mg/g.

Phenolic acids and flavonoids are extensively found across the plant kingdom and are closely linked to
the sensory and nutritional quality of fresh and processed plant foods. UHPLC analyses of
Leatherwood honey showed that levels of 3-phenyllactic acid, methyl syringate, vanillic acid and 4-
hydroxy benzoic acid were higher than those monitored in previous studies.

The influence of different storage conditions on the hydrogen peroxide stability showed that
Leatherwood honeys stored at 4 “C and away from light remained stable at room temperature.
Exposure to higher temperatures and light resulted in significant decreases in hydrogen peroxide
activity. This implies that honey is best stored in an amber container in the fridge. Interestingly, the
hydrogen peroxide levels increased in some honeys or decreased more slowly and seven honeys,
which were stored at room temperature with high light exposure still had levels above 15 ug/g.

Leatherwood honeys (n=73), Banksia, mixed Kunzea, Manuka and Ulmo honey were tested against £.
coliATCC 25922 and S. Aureus ATCC 29213. Banksia honey was shown to be the most effective
with MICs of 14% for both microbes. Leatherwood honeys were more effective against £. co/ithan
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against S. aureus, having MICs of 18,22 and 26% in 7, 39 and 25 of the 73 honeys tested respectively.
Only 11 of the 73 honeys had MICs below 30% against S. Aureus.

Honeys having the lowest antibacterial activity against £.co/i(MIC 26%) did not have a significantly
different pH (t-test, p = 0.92) or water content than those with higher efficacy (MIC 14-22%); but did
have a significantly lower hydrogen peroxide activity (t-test, p = 0.026), lower electrical conductivity
(t-test, p = 0.003), lower phenolic content (t-test, p = 0.002) and a lighter colour (t-test, p = 0.006).

High levels of DPPH (antioxidant activity) were also associated with increased efficacy of
Leatherwood honey for both microbes. However, these parameters cannot explain the variation in
the antibacterial activity of honeys with MICs of 22 % and below. This implies that there must be
other factors or chemical compounds which further decrease the minimum inhibitory concentration
and thus, increase the antibacterial activity of Leatherwood honey. In summary, higher levels of
activity against £. co/iwas associated with higher DPPH, phenolic content, EC, peroxide, and colour,
whilst low water content and high FRAP in Leatherwood honeys were correlated with increased
activity against S. aureus.

The phenol equivalence assay is the current industry-recognised method to measure antibacterial
activity. The assay is based on one bacterium, S. aureus, and is not necessarily a true measure of
antibacterial bioactivity as different bacteria have varying susceptibility to honey. The new method
developed by the CRCHBP is based on minimum inhibitory concentrations of four organisms
Staphylococcus aureus ATCC 29213, Enterococcus faecalis ATCC 29212, Escherichia coli ATCC
25922 and Pseudomonas aeruginosa ATCC 27853, using a broth microdilution with an optical
density used to identify the endpoint and to quantify bacterial growth (Green et al. 2020). A single
value to represent the overall antibacterial activity of each honey with units assigned is Antibacterial
Activity Values (AAV).

Tasmanian Leatherwood honey bioactivity ranged from 300 to 550 AAVs (n=25) which is regarded as
being moderately active with 78% recording AAVs above 300. Artificial and mixed honeys tested
alongside the Leatherwood honey both recorded AAVs of 200 (low activity).

The e-tongue and e-nose was used to analyse the volatile profile of Leatherwood honeys from
Southwest Tasmania (n=6), and from the Northwest (n=6) and these were compared to Manuka
(n=6), Jarrah (n=3) and mixed blossom (Woolworths) (n=6). None of the taste parameters could
distinguish Leatherwood honey that is produced in the north of Tasmania, from that of the South. The
electronic tongue did distinguish different monofloral honeys, though not unequivocally.
Leatherwood honey was shown to have a significantly higher umami taste and a bitter taste which
lingers, compared to mixed floral honey and Manuka honey. Leatherwood was determined to be
slightly richer than Jarrah honey, as determined by the ‘e-tongue’.

‘E-nose’ results revealed that further honey investigation for components such as, 2,6,-dimethyl-1,7-
octadien-3-ol and vanillin methyl ether are warranted as these were only present in Leatherwood
honeys. 2-methylbutanoic acid only appeared in Jarrah using the SPME subsampling method.
Hotrienol and the lilac aldehyde isomers appear to be clustering with the Leatherwood honeys,
whereas isophorone appears to be more associated with Manuka, mixed floral and Jarrah.
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The potential to use NIRS and FTIR to predict physiochemical parameters including moisture, pH, and
EC of Leatherwood honey, as well as the antioxidant capacity and hydrogen peroxide activity was
investigated. The work to interpret the data collected in 2022 is continuing but preliminary partial
least squares regression indicates NIR may have applications in measuring water content (R?=0.93)
whilst FTIR could be used to predict water content (R?=0.84), pH and EC (R?=0.89) peroxide activity
(R?=0.57) and 2,6-dimethyl-3,7-octadiene-2,6-diol (R?=0.64). These preliminary results demonstrate
the potential for NIR and FTIR to be a rapid and non-destructive tool for the authentication of
Leatherwood honeys.

Differences in the non-sugar fraction of the honey can be captured using HPTLC profiling to create a
signature for the nectars used to mature into honey. This method produces a unique signature and
can be used to distinguish from other honeys, for example Tasmanian Manuka and West Australian
honeys such as Coastal Peppermint, Jarrah, Red Bell, and Marri.

The Leatherwood honey floral signature can be best recognised under the following light conditions
and whether the plate has been derivatised or not:

e 254 nm -one black band at RF 0.4

e 366 nm - twodistinct bands at RF 0.32 (Bright blue) and RF 0.1 (yellow)

e White light derivatised - two characteristic bands at RF 0.4 (red) and RF 0.23 (dark brown)
with a minor orange band underneath

e 366 nm after derivatisation - four distinct bands at RF 0.3 (blue green) RF 0.35 (beige) RF
0.38 (light brown) RF 0.45 (light blue)

The CRCHBP demonstrated the use of the HPTLC signature of authentication and batch number to
link to the use of a QR code to provide information of the source and chemistry of the honey.
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Academic outputs

Itis envisioned that a minimum of five peer-reviewed manuscripts will be presented to international
journals as the PhD nears completion.

1. Characteristics of Leatherwood Honey: Physico-Chemical properties and Chemical Profile
and Differences According to Production Year

2. Antioxidant and Antibacterial activity of Leatherwood Honey and Correlation with Physico-
Chemical Parameters and Chemical Profile

3. Provenance of Leatherwood Honey: Geographical Origin, Altitude and Differences in the
Chemical Profile, Bioactivity and Physio-Chemical Properties

4. H202 accumulation in Leatherwood Honey: Correlation with Physico-Chemical Parameters,
Bioactivity and Chemical Profile, Effect of Storage Temperature and Light and Stabilising
Factors

5. FIR,MIR and NIR Analysis of Leatherwood Honey and Correlation with Bioactivity, Physico-
Chemical Properties, Geographical Origin and Major Chemical Compounds

Industry outputs

This project regularly delivered presentations and milestone reports to industry partners. Attendance
at CRC HBP conferences ensured that the research was aligned with other projects operating within
the program. This report is geared to be relevant to the beekeepers of Tasmania such that technical
detail has been minimised to information essential for explanation and interpretation of the
outcomes.
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Introduction

Eucryphia lucidaLabill. (Eucryphiaceae), is endemic to Tasmania and grows in the temperate
rainforests at sub-alpine to low altitudes and thrives in a cool to warm, wet environment. It occurs as
a bushy tree when grown in an open environment, but can grow tall when competing for light,
sometimes penetrating the surrounding canopy. Leatherwood trees produces prolific white blossoms
of 2 - 3 cm diameters, which have a high nectar flow for 4 - 6 weeks in late summer (Mallick, 2000).

There are six different Eucryphiaspecies of cool-temperate trees and shrubs, four located in Australia
and two in South America (Hill 1991). Fucryphia lucidais endemic to Tasmania and grows at sea level
to 800 m elevation. The closely related plant species Eucryphia milliganii which is also distributed in
Tasmania, has smaller leaves and a later flowering season than Eucryphia lucida and grows
predominantly in high altitude regions above 800 m elevation (Neyland and Hickey 1990).

The Tasmanian honey industry relies on the Leatherwood flowering season to remain viable, as the
consistency and volume of nectar flow provides the baseline supply to beekeepers. Results from a
2019 survey of Tasmanian beekeepers and honey producers reported a farmgate value of $7.4
million in the 2017-2018 season with production estimated to be 406 tonnes of honey sold with an
overall price of $18.23/kg. Of that, 173 tonnes (43%) were Leatherwood honey which is estimated to
be worth $2.5 million, fetching an average of $14.45/kg (DPIPWE 2019).

Manuka, on the other hand added $3.1 million to the farm gate value of Tasmanian honey, with a total
per kg wholesale price estimated to be $40.16. Whilst the report produced by the Department of
Natural Resources and Environment (NRE) acknowledges that the estimates are based on interviews
from a limited subset of beekeepers, the significant disparity between the price of Manuka and
Leatherwood is common knowledge. Nonetheless, Leatherwood has been essential to the growth of
the industry to date as it provides a reliable, high volume nectar flow.

The Tasmanian State Government has set a target of increasing farmgate values of horticultural
production to $10 billion per annum. This will be unachievable without reliable pollination services
which have been traditionally provided by beekeepers as a supplementary activity to honey
production. The Tasmanian Beekeeping Survey of 2019 estimated that 11,000 hives were diverted
for pollination services at a return to the industry of around $1.8 million. This does not reflect the
value of the crops reliant on pollination services and indeed there are concerns that with the
predicted growth rates of key crops needing pollination services, there will be a shortfall in hives
available to large scale horticulture in Tasmania (AgriGrowth 2019).

The high price received for Manuka honey reflects the research output from bioactivity research and
marketing of Manuka honey. As consumer preference for natural alternatives for health care and
personal care is constantly rising, bioactive honeys, which can lay claim to this health care role, have a
market advantage.
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There are many qualities that can provide leverage in an ever-discerning market. The unique taste,
health benefits and unequivocal provenance of Leatherwood honey, requires definition in terms of
descriptors, physiochemical parameters, and establishment of bioactive potencies.

Native-logging and wild bush fires and their mitigation practices are impacting and decreasing the
area of Leatherwood forest, and this threatens the environment and Tasmanian economy (Australia.
Parliament. House of Representatives. Standing Committee on Primary and Resources 2008).
Cultivation trials of Leatherwood were successfully undertaken but forest trees need to mature to
flower, and once flowering, it takes even longer for the tree to produce a significant nectar flow. This
loss of forest and forest maturity affects the Tasmanian honey industry (Neyland and Hickey 1990).
Since Leatherwood honey contributes to 74 % of the Tasmanian honey production, the conservation
and value enhancement of this tree is of great economic importance for the beekeepers (Gifford
1990).

Previous studies on Leatherwood honey indicate that this honey contains flavonoids and many
phenolic acids (D'Arcy 2005) and exhibits bioactivity in the form of prebiotic (Conway, Stern et al.
2010), antimicrobial (Alnaimat, Wainwright et al. 2012) and antioxidant properties (Novost 2009).

This project seeks to add value to the Leatherwood honey firstly through protecting it from
adulteration through its physiochemical characterisation, and secondly through demonstrating its
value as a health product.

Literature Review

All honeys are a highly complex mixture of about 181 substances, containing different sugars, water,
minerals, amino acids, organic acids, proteins, flavonoids, phenolic acids, and other phytochemicals,
(Al-Mamary, Al-Meeri et al. 2002, D'Arcy 2005). Variations in composition and physiochemical
properties are determined by the geographical origins and the conditions of temperature, rainfall,
hive health and in the processing of honey, but the floral origin or the nectar source foraged by the
honey bees, contributes the characteristics that define most honeys. The composition and quality of
honey also depends on environmental and other factors associated with production, such as weather,
humidity inside the hive, nectar conditions, and treatment of honey during extraction and storage
(Tchoumboue 2007, Soares, Amaral et al. 2017).

Honey is made up of fructose (36 - 50%), glucose (28 - 36%), moisture (15 - 19%), sucrose (0.8 -
5%), nitrogen (0.05 - 0.38%), minerals (0.04 - 0.6%), and miscellaneous insoluble solids <0.1%. Small
amounts of enzymes are also present such as invertase, diastase (amylase), catalase, glucose oxidase
acid, phosphatase and diastase and traces of vitamins including Bé, C, folate, pantothenic acid, niacin,
riboflavin, and thiamine. There are also trace amounts of the minerals: potassium, calcium,
magnesium, iron chloride, selenium, sodium, silicon, silica, manganese, sulphur, phosphorus,
aluminium, zinc, and copper. All these components contribute to the physiochemical parameters of
honey, which can be characteristic of different mixed and monofloral honeys, though are rarely used
to define specific honey types.
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The colour of honey varies from nearly colourless to dark brown. The consistency can be fluid, viscous
or partly to entirely crystallised. The flavour and aroma vary due to being derived from the plant
origin (Australian Food Standards, 2000; Codex, 2001).

Honey bioactivity

There are significant differences in the chemical profiles of ripe and unripe honey, which can be
ascribed to these enzymatic and chemical conversions (Rowland, Blackman et al. 1995). Some honeys
show exceptional bioactivity and are approved for medicinal purposes. Jelly bush honey from the tree
species Leptospermum polygalifolium and honey from the tree species Leptospermum scoparium, for
example, are both registered as medical grade honeys. Their activity is rated according to the
effective unique leptospermum factor for jelly bush honey and according to the content of the active
compound methylglyoxal (MGQO). Another active honey is Beeotic honey from Capilano, which is the
first clinically tested prebiotic honey. It is listed as a therapeutic good with the Therapeutic Goods
Administration (TGA) and boosts digestive health by stimulating the proliferation of beneficial gut
bacteria and inhibiting the growth of harmful bacteria (Selby 2016). These properties are highly
desirable to re-establish a healthy microflora., especially after diarrheal diseases or extended intake
of antibiotics.

Uses of Honey

Cosmetics

Apart from medicinal applications, honey has also been used for cosmetic purposes in many different
cultures all over the world for thousands of years. It was used as skin moisturizer, hair dye, lip
softener or as a binder for pastes and creams (Burlando and Cornara 2013). Furthermore, in
traditional Chinese medicine it is assumed that honey prevents scars and removes freckles and
discoloration (Burlando and Cornara 2013). It is listed as an emollient, humectant and moisturizing
product in the International Nomenclature of Cosmetic Ingredients and is incorporated in different
skin care products and cosmetic formulations including shampoos, conditioners, lotions, creams, and
lip balsams (Krell 1996; Burlando and Cornara 2013). Furthermore, honey has hygroscopic,
antibacterial, anti-irritant and moisturizing properties and exerts an emollient, humectant and
soothing effect on skin and hair (Burlando and Cornara 2013). The moisturizing properties of honey
can be ascribed to different honey constituents like proline, gluconic acid and sugars, for example.
Glucose and fructose mainly account for this effect since they can trap moisture of the skin layer
through hydrogen bond formation (Jimenez 1994).

Food additives

Honey also finds a broad application in the food industry due to its favourable properties. Itis a
popular additive for cakes and breads, not only because of its sweet taste but also because it absorbs
and retains moisture. These properties keep breads and cakes moist and fresh, and thus, increase
their shelf life (D'Arcy 2005). Honey can also be added to jams, jellies, soft drinks, and other
preparations as a sweetener and as a preservative due to the antioxidants in the honey (D'Arcy
2005). Honey is used to produce mead, an alcoholic beverage from fermented honey, which was
brewed in many different cultures and dates back thousands of years (D'Arcy 2005).
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Volatiles

Volatiles are low molecular weight compounds, which are mainly responsible for the aroma and
flavour of the honey (Kaskoniené and Venskutonis 2010). There are many volatiles common to all
honeys but the profile of monofloral honeys is distinctive, and some contain chemicals that are
uniguely associated with a particular floral source which can be used as chemical markers for
authentication (Kaskoniené and Venskutonis 2010). Volatiles from honeys all over the world are
predominantly composed of benzene derivatives, norisoprenoids and terpenes (D’Arcy, Rintoul et al.
1997). The norisoprenoids play an important role in honey flavour and are derived from carotenoids
which undergo different fragmentation reactions due to their unstable highly conjugated double bond
structure (Mendes-Pinto 2009). They are carbonyl compounds with 9, 10, 11 or 13 carbon atoms,
containing the preserved terminal group of carotenoids (Mendes-Pinto 2009) (Figure. 1).

Carotenoid
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Figure 1. Decomposition of carotenoids into norisoprenoids which play an important role in honey flavour

Another main chemical class found in honey volatiles profile constitutes the terpenes. They are
secondary plant metabolites and constitute a large, heterogenous group of distinct chemical
compounds, which are composed of isoprene units (CsHg) (Narasimha Murthy and Shivakumar 2010).
Molecules containing additional oxygen atoms are called terpenoids. Terpenes are classified
according to their number of isoprene units into mono- (C1o), sesqui-(C1s), di- (Coo), sester- (Cys), tri-
(Cao), tetra- (Cao) and polyterpenes and can be acyclic, monocyclic, and bicyclic (Narasimha Murthy
and Shivakumar 2010). Monoterpenes contain two isoprene units and are the most important
representatives of terpenes in honey samples. Examples of some monoterpenes and monoterpenoids
areillustrated (Figure 2) which were found in different honey samples.
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Figure 2: Exemplary honey terpenoids derived from the isoprene unit

Further volatile compounds in honey belong to the chemical classes of carbohydrates, aldehydes,
ketones, alcohols and Maillard reaction products (Soares, Amaral et al. 2017). The latter is formed
from reactions of reducing sugars upon heating and storage (Bogdanov 2011). The term Maillard
reaction describes several reactions, which can produce a variety of products belonging to different
chemical classes. Many of these Maillard reaction products are associated with organoleptic
properties of different food products, but there are also products like hydroxy furfural (HMF)
(Teixido, Nunez et al. 2011)(Figure 3). Leatherwood honey contains a larger number and range of
volatiles and in much higher concentrations than in some other Australian floral honeys (D'Arcy
2005).

Figure 3: Conversion of fructose into hydroxy furfural (HMF), a potentially harmful product.
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Phenolic acids

Phenolic acids belong to the family of polyphenols and are one of the most important subclasses
which exhibit antioxidant activity (D'Arcy 2005). Phenolic acids are produced from the phenyl-
propanoid metabolism in plants (Anklam 1998) and can be found in seeds, leaves, roots, and stems
(Robbins 2003). According to their structure, phenolic acids can be classified as hydroxy derivatives
of cinnamic acid and hydroxy derivatives of benzoic acid, which can also occur as aldehyde analogues
after oxidation (Robbins 2003) (Figure 4)

Cinnamic acid derivatives Benzoic acid derivatives Aldehyde derivatives

Figure 4: Structure of phenolic acids and aldehyde analogues

Inastudy by D’Arcy et al. 2005, the levels of phenolic acid, and caffeic acid, as well as many
unidentified phenolic acids were quantified in ten Leatherwood honey samples. The concentrations of
phenolic acids ranged from 1177.8 to 2718.8 ug/100 g honey (mean of 2066.6 pg/100 g honey).
Leatherwood honey contain some flavonoids but had approximately 2-3 times the concentration of
total flavonoids/phenolic acids than Yapunyah (Eucalyptus ochrophloia) and Salvation Jane (also
called Paterson's curse, Echium plantagineum) honeys (D'Arcy 2005).

Quantification of the known flavonoids and phenolic acids in Leatherwood honey suggest gallic acid,
chlorogenic acid, caffeic acid, p-coumaric acid, quercetin and chrysin were present, while ferulic acid
was not detected.

Flavonoids

Flavonoids can be divided into the six chemical classes flavanones, flavones, isoflavones,
anthocyanins, flavanols and flavans, which can be further subdivided into biflavans and cathechins
(D'Arcy 2005). Together with the phenolic acids, the flavonoids are mainly responsible for the
antioxidant effect of food products and thus are very important compounds (D'Arcy 2005). Flavonoid
concentrations generated by the plant depends on genetic and environmental factors and varies
according to ripeness, processing, and storage (D'Arcy 2005). Naturally occurring flavonoids are
usually glycosylated and can also be found as dimers or oligomers (Cook and Samman 1996; Peterson
and Dwyer 1998). They contribute to the colour and flavour and are also involved in preventing
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oxidation reactions and enzymatic browning (D'Arcy 2005). Flavonoids, found in honey, can be
derived from nectar, pollen or propolis and have an average concentration of approximately 20 mg/kg
(Ferreresetal. 1994).
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Figure 5: The structure of the six main classes of flavonoids showing their bonding differences

Leatherwood honey does not contain high levels of flavonoids but, what is present includes tricetin,
pinobanksin, luteolin, pinocembrin, and chrysin. The concentration of flavonoids ranged from 638.7
to 1579.1 ug/100 g honey (mean of 201.2 ug/100 g honey) (D’Arcy 2005). The major constituents of
honey originate from nectar, so honey flavonoids should originate primarily from the nectar. The
differences in honey flavour and aroma also arise from differences in the components in the nectar of
different floral sources (Rowland et al., 1995). Some nectar flavonoid glycosides from plant sources
have not been detected in the corresponding honeys, suggesting that they are also hydrolysed by
honey bee enzymes to produce the corresponding aglycones (Ferreres et al,, 1993, 1996a). Indeed,
studies on monofloral honeys from New Zealand have shown that the origin of their aromatic acids
may not be directly related to compounds in the flowers (Tan et al., 1988).

Australian Eucalyptus honeys show the same flavonoid patterns (myricetin, tricetin, quercetin,
luteolin, and kaempferol) and their presence was confirmed even when the Australian-sourced
Eucalypts are grown in European (Martos et al., 2000ab). Of these flavonoids, tricetin is the main
marker of river red gum honey, whereas luteolin is a marker of mallee box honey.

Certain flavonoids such as pinocembrin, pinobanksin, chrysin, quercetin, kaempferol, myricetin, and
hesperetin are responsible for the antioxidant capacity of honeys (Fahey and Stephenson, 2002,
D’Arcy 2005).

The mean levels of flavonoids and phenolics detected in 11 Leatherwood honeys were 901.2 and
2066.6 respectively (D’Arcy 2005).
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Sugars

Sugars account for approximately 95 % of the dry weight of the honey (Bogdanov 2011) and are
mainly comprised of the monosaccharides, fructose, and glucose, which occur in the range of 36 - 50
% and 28 - 36 %, respectively (Conway, Stern et al. 2010). Both sugars are generated during the
honey ripening process from the enzymatic breakdown of sucrose, which is the major disaccharide in
honey followed by maltose and turanose (Bogdanov 2011). Additional disaccharides, which were
identified in honey, include isomaltose, nigerose, maltulose, leucrose, kojibiose, neotrihalase,
gentiobiose, laminaribiose and isomaltulose (D'Arcy, Caffinet al. 1999). Itis reported that
oligosaccharides are mainly generated by the enzymatic activity of invertase, which catalyses the
transfer of a-D-glucopyranosyl groups from sucrose to an acceptor molecule (Shin and Ustunol
2005).

Honey is a super-saturated sugar solution and thus, has a natural tendency to crystalize to reach a
more stable saturated state (Conway, Stern et al. 2010). During this crystallisation process glucose
starts to precipitate while fructose remains in solution, since it is more soluble than glucose. Inthis
respect, the glucose to fructose ratio and the glucose to water ratio in the honey have a major impact
on the crystallization tendency of the honey. Microcrystals of glucose trigger the crystallization and
can be removed by heating, which prolongs the liquid state of the honey.

Enzymes, proteins, and amino acids

Honey contains low amounts of enzymes and other proteins in the range of approximately 0.1 % to
0.5 % (Lee, Lee et al. 1998, Jagdish and Joseph 2004), which have a molecular weight of between 22 -
75 kDa (Yilmaz and Kifrevioglu 2003). Enzymes and proteins in the honey have two different origins
and can be either derived from the nectar or pollen from the plant source or from the secretions of
the pharyngeal and salivary glands of the honey bees, which are added to the honey during nectar
harvesting and honey production (Baroni, Chiabrando et al. 2002, Di Girolamo, D'Amato et al. 2012).

The most important enzymatic reactions in honey involve the enzymes diastase and invertase, which
are mainly responsible for the breakdown of the carbohydrates. They thus, play an essential role in
the conversion of nectar into honey during the ripening process (Babacan, Pivarnik et al. 2002,
Pontoh and Low 2002) (Figure 6).

Another very important enzyme is glucose oxidase (GOx), which is responsible for the production of
the antibacterial component H2O» from glucose. The enzyme catalase was also found in many honey
samples, but the origin of this enzyme remains still unclear, since it is not added by the honey bee
(Kwakman and Zaat 2012).
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Figure 6: Important enzymatic reactions occurring in honey

Although the protein content in honeys is subject to natural variations, characteristic protein profiles
of honeys from different botanical and geographical origin were demonstrated (Anklam 1998).
Furthermore, specific differences could be detected according to environmental factors and
according to the different bee species (Lee, Lee et al. 1998, Won, Lee et al. 2008). Honey produced by
the bee species Apis cerana, for example, has a higher average protein content than honey from Apis
mellifera(Lee, Lee et al. 1998).

The most abundant amino acid in honey is proline followed by phenylalanine and glutamic acid and
other amino acids, which are usually found in trace amounts (Iglesias, de Lorenzo et al. 2004, Rebane
and Herodes 2008). An exemption is rosemary honey, where the concentration of tyrosine dominates
(Conte, Miorini et al. 1998).
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Honey quality parameter

Honey quality is regulated and controlled by different international, national, and regional
institutions, which set guidelines or recommend standards and criteria for quality assurance
(Bogdanov1997). Before being commercialised, honeys must meet certain requirements, which
ensure honey freshness and authenticity. Important parameters for honey quality control are the
HMF content, the diastase and invertase activity, which are all freshness indicators. Furthermore, the
electrical conductivity and the moisture content are important factors in honey quality control and
are assessed in routine quality control.

HMF content

HMF is an important factor to evaluate honey freshness, since the HMF concentration in fresh
honeys is very low and increases with storage length and heat exposure (Cokcetin, Pappalardo et al.
2016). Storage temperature and pH of the honey are important factors in this context and increase
the HMF formation (Bogdanov 1999). HMF is a decomposition product of fructose (Bogdanov 2011)
and is a potentially harmful compound (though not at the low levels normally found in Australian
honeys), since it can be metabolized by sulfotransferase to the mutagenic substance
sulfomethylfurfural (SMF) (Teixido, Nunez et al. 2011). To ensure honey quality and consumer safety,
itis agreed that the HMF level should not exceed the threshold of 40 mg/kg for international trade
with an exemption for honeys from tropical regions, which can have up to 80 mg/kg HMF, because of
the higher average temperatures during production, processing, and storage (Bogdanov 2011).

Enzyme activity

The enzymes diastase and invertase can also serve as freshness indicators, since they decrease during
storage and upon heating (Bogdanov, Ruoff et al. 2004).

Diastase, which nowadays is referred to amylase, belongs to the enzyme class of hydrolases and
catalyses. It is responsible for the breakdown of polysaccharides into maltose by cleaving the a-(1,4)-
glyosidic bond (Bogdanov 2011). According to the Phadebas method for diastase determination, the
decrease in colour intensity of a standard solution of starch and iodine is measured, which is caused
by diastase activity after sample addition (Bogdanov 1997). There is great variation in diastase
activity depending on the floral source and other factors but a value of at least 8 diastase units was
found to be useful (Bogdanov 1999).

The other enzyme, invertase, catalyses the breakdown of sucrose into glucose and fructose but it can
also hydrolyse other glycosidic bonds resulting in a sugar and an aglycone (Bogdanov 2011).

Determination of the botanical and geographical origin

Honey bees forage for nectar from different flowers surrounding the beehive. The beekeeper can
designate the floral origin of his honey by thoughtfully locating the bee hives in certain places with the
desired vegetation. Monofloral honeys enjoy great popularity among consumers due to their specific
taste and flavour. Furthermore, biological, and chemical properties are more consistent in monofloral
honeys in comparison to multifloral and therefore often attract a higher market price, due to their
ability to meet consumer expectations. Thus, to prevent mislabelling, and to maintain high honey
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quality standards, the botanical and geographical origin assurance would be welcomed. Common
techniques include pollen analysis, measurement of physical and chemical parameters followed by
statistical analysis and spectroscopic methods.

Pollen analysis

Authentication of the botanical origin is traditionally conducted through pollen analysis of the pollen
contained within the honey, which is also termed as melissopalynology. Pollen grains in the honey
sediment are identified and quantified through removing the exine (a covering over the pollen grain)
and by microscopic identification and counting. To obtain a reasonable assessment, at least 500
pollen grains must be assessed. Generally, honeys must contain at least 45 % of the total pollen grains
from the assigned plant species to be classified as monofloral in many countries but up to 80% is
required by the EU. An exception is applied for honeys with underrepresented pollen grains like in the
case of lavender honey, which must contain over 15 % of lavender pollen. Eucalyptus (based on
European stands of Eucalyptus) and chestnut honey have overrepresented pollen grains with a
respective pollen frequency of 70 % to 90 % and thus, have a higher threshold to be considered as
monofloral. Pollen analysis is very time consuming and strongly depends on the expertise and
judgement of the investigator. Furthermore, this technique is not adequate for filtered honeys and
honeys which are adulterated by pollen addition. For these reasons, pollen analysis must be
complemented with physico-chemical analysis.

Physical and chemical parameters

Physiochemical properties of honey include the measurement of characteristic properties like pH and
acidity, water content, electrical conductivity (EC) and colour. Furthermore, the identification of
marker compounds in the volatile and phenolic profiles of honeys is an essential part of authentication
of the botanical origin. Followed by a comprehensive interpretation of all results with statistical
analysis, this approach allows the accurate determination of the botanical origin of most honeys.

Spectroscopic methods

IR spectroscopy is an analytical technigue, which measures the interaction of infrared light with the
analysed sample and enables the identification of functional groups due to their characteristic,
structure-dependent absorption frequencies.

Different spectroscopic methods were proposed to designate the botanical and geographical origin of
honey samples including near-infrared spectroscopy (NIR) and Raman spectroscopy. For example,
Davies et al. investigated 51 honey samples from 13 different monofloral honeys from nine different
European countries by NIR spectroscopy and evaluated the potential of this spectroscopic method
for the determination of the botanical and geographical origin (Davies, Radovic et al. 2002). After
applying the principal component analysis (PCA) to the obtained data, all rape honeys were classified
correctly with only 29 % of heather honeys being correct assigned, yielding 67 % correct
classifications on average for all honey types (Davies, Radovic et al. 2002). Better results for NIR
spectroscopy using statistical analysis were obtained for the discrimination between eucalypt honey
and polyfloral honeys and yielded 75 % correct classifications for polyfloral honeys and 85 % for
eucalypt honeys (Corbella and Cozzolino 2005). Furthermore, it was possible to determine the
amount of fructose, glucose, sucrose, maltose, and water with good accuracy by NIR spectroscopy
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(Ha, Koo et al. 1998). Another technique for the determination of the botanical originis Raman
spectroscopy, which was applied to investigate 51 honey samples from 13 different floral origins and
from 7 different European countries (Goodacre, Radovic et al. 2002). In this study it was possible to
discriminate the monofloral honeys according to their botanical origin but not according to their
geographical origin (Goodacre, Radovic et al. 2002). The success of spectroscopic method strongly
depends on the correct evaluation of the obtained data by statistical analysis, which plays an essential
role in the determination of the botanical origin.

Determination of honey adulteration

Honey is a natural product with a high market value and thus, it is sometimes adulterated with
cheaper substances to increase profit margins. Honey can be adulterated in two different ways, either
by extensive feeding of the honey bees with sucrose and other sugars or by adding different sugar
syrups to the honey (Soares, Amaral et al. 2017). With the identification of single substances, such as
methylglyoxal (MGO) as a bioactive ingredient, this has also been used an adulterant
(https://www.theguardian.com/world/2019/jan/31/new-zealand-brings-first-manuka-honey-
prosecution-chemicals).

Since honey is mainly comprised of sugars, adulterations are difficult to detect, especially if the added
sugars are like the naturally existing ones (Soares, Amaral et al. 2017). Commonly used syrups for
honey adulterations are produced from sugar cane and sugar beet and include corn syrup, high-
fructose corn syrup, glucose syrup, sucrose syrup, inverted syrup, and high-fructose inulin syrup
(Guler, Bakan et al. 2007, Tosun 2013). A low proline content in honey samples can also indicates an
adulteration (Bogdanov 1997). Stable carbon isotope ratio analysis (SCIRA) and different
spectroscopic and chromatographic methods can be applied to reveal adulterations and ensure honey
quality.

Proline content

Prolineis the prevalent amino acid in honey and is used in honey control mainly as a criterion for
honey ripeness but also indicates sugar adulteration if the amount is less than 180 mg/kg (Bogdano
1997). For example, it was shown that by measuring the proline content of honey it is possible to
distinguish between authentic blossom honey and adulterated honey, which was produced by
overfeeding the bees with sucrose syrup (Soares, Amaral et al. 2017). Even though some monofloral
honeys have a characteristic proline content, it can only function as a supporting parameter for their
authentication due to natural variation (Bogdanov, Ruoff et al. 2004). To determine the proline
content in an easy and fast way, a photometrical method can be applied (Bogdanov 1997).

Stable carbon isotope ratio analysis (SCIRA)

A more sophisticated method to reveal honey adulterations is SCIRA, which is applied as an official
analytical method in many countries (Martin, Marqués Macias et al. 1998, Xue, Wang et al. 2013).
This method is based on the different carbon isotope ratios **C/*C, which are produced by
monocotyledonous (C4) and dicotyledonous (C3) plants according to distinct photosynthetic
pathways (Cengiz, Durak et al. 2014). C3 plants follow the Calvin and Benson photosynthetic cycle
and show a **C/12C ratio in the range of 23 %o to 28 %o and a §13C value of 25 %o, which is
calculated according to equation (1) using Vienna Pee Dee Belemnite (VPDB) as a standard material
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(Elflein and Raezke 2008). However, C4 plants follow the Hatch-Slack cycle, which generates a
carbon isotope ratio in the range of 9 %o to 15 %o and a 6 13C value of - 10 %o (Simsek, Bilsel et al.
2012, Guler, Kocaokutgen et al. 2014).

613C = ((13C/12C33mp|e: 1SC/12C\/PDB> - 1 X 1000 (1)

Since C3 plants are the main nectar source for honey bees, the carbon isotope ratio of C3 plants is
also expected to prevail in authentic honey (Soares, Amaral et al. 2017). Honey adulterations and
indirect honey adulterations by overfeeding the bees with sugar syrups, which are produced from C4
plants like corn and sugar cane, result in a change of the carbon isotope ratio of the honey (Soares,
Amaral et al. 2017). By applying SCIRA both types of adulterations could be successfully identified
(Tosun 2013, Guler, Kocaokutgen et al. 2014). To be considered as an authentic honey, §13C values
must be more negative than - 23.5 %o and the difference between the §'3C values of the honey and
the honey proteins must not be greater than 1 + 0.1 %o (Simsek, Bilsel et al. 2012, Cengiz, Durak et al.
2014, Guler, Kocaokutgen et al. 2014). Although SCIRA is a very useful method in detecting direct
and indirect honey adulterations with corn and sugar cane syrups, it is not possible to identify
adulterations with sugar syrups from C3 plants including rice and sugar beet (Tosun 2013).

Chromatographic methods

To date, different chromatographic methods were proposed to reveal honey adulterations including
liquid chromatography coupled to a refractometry detector (LC-RD), high performance anion
exchange chromatography coupled to a pulse amperometric detector (HPAEC-PAD), gas
chromatography (GC) coupled to a mass spectrometer (MS) and high-performance liquid
chromatography (HPLC) coupled to a diode array detector (DAD) (Soares, Amaral et al. 2017). These
chromatographic methods exploit the fact that industrial sugar syrups are produced from starch by
enzymatic hydrolysis and thus, contain high amounts of oligosaccharides with a high degree of
polymerization and other characteristic compounds, which can be used as chemical marker for honey
adulteration with starch syrups (Megherbi, Herbreteau et al. 2009, Wang, Guo et al. 2015). With the
chromatographic method HPAEC-PAD, for example, it was possible to detect the addition of corn
syrup in honey down to 5 % (Morales, Corzo et al. 2008) and even down to 1% by using the
polysaccharides with polymerization degree from DP11 to DP17 as chemical marker after combining
reversed phase solid-phase extraction (RP-SPE) with HPAEC-PAD (Megherbi, Herbreteau et al.
2009). Furthermore, it was reported that the adulteration of honey with sugar syrups from both C4
plants and C3 plants, like rice for example, could be exposed by a characteristic marker compound
found in all chromatograms using HPAEC-PAD (Wang, Guo et al. 2015). Another method to detect
adulteration with rice syrups was proposed by Xue et al., who identified 2-acetylfuran-3-
glucopyranoside as a characteristic chemical component in rice syrups by using HPLC-DAD (Xue,
Wanget al.2013).

Spectroscopic methods

For the determination of honey authenticity regarding sugar adulteration, many spectroscopic
techniques were proposed from different authors, which include infrared spectroscopy, Raman
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spectroscopy and nuclear magnetic resonance spectroscopy (NMR) (Soares, Amaral et al. 2017).
Spectroscopic techniques enable a simple, fast, and non-destructive analysis of different components
in honey samples without the need of labour-intensive sample preparation. They can provide a
fingerprint of the chemical composition in honey with a high repeatability and are suitable for the
analysis of many compounds, but they must be combined with multivariant data analysis to enable an
appropriate evaluation of the obtained data (Soares, Amaral et al. 2017).

Different research groups have shown that it is possible to identify honey adulterations with corn
syrup, high-fructose corn syrup and invert sugar successfully by Fourier transformation infrared
spectroscopy with attenuated total reflectance (FTIR-ATR). Furthermore, NIR was applied to study
the adulteration of honey with beet syrup, fructose and glucose mixtures and high-fructose inulin
syrup (lrudayaraj, Xu et al. 2006, Gallardo-Velazquez, Osorio-Revilla et al. 2009, Corripio, Rojas-
Lopez et al. 2012). Adulterations with high fructose corn syrup and maltose syrups could be detected
inthe range from 10 % to 40 % by Raman spectroscopy and correctly classified with a total accuracy
of 84.4 % (Li, Shan et al. 2012). A better total accuracy of 95.2 % was achieved by 1D-NMR with all
adulterated honey samples being correctly classified as adulterated (Bertelli, Lolli et al. 2010).

Bioactivity

Antioxidant activity

Oxidative reactions in the human body and in food products can cause undesirable reactions and
adverse health effects and thus, need to be prevented (D'Arcy 2005). Antioxidant activity, which was
found in many naturally occurring compounds, plays a crucial role in the reduction of these oxidative
reactions (D'Arcy 2005). Due to this antioxidant effect, honey can function as a natural preservative
for meat products, yoghurt, bakery, or salad dressings (D'Arcy 2005). The antioxidant effect in honey
is caused by different components, like phenolic acids, flavonoids, Maillard reaction products, amino
acids, ascorbic acid and enzymes like glucose oxidase and catalase (D'Arcy 2005). The flavonoids
pinocembrin, pinobanksin, chrysin, quercetin, kaempferol, myricetin and hesperetin, for example,
were shown to contribute significantly to the antioxidant effect (Fahey and Stephenson 2002). The
fact that the total flavonoid and total phenolic concentrations correlate with the antioxidant capacity
(Gheldof, Wang et al. 2002) shows that phenolic acids and flavonoids are predominantly responsible
for the antioxidant properties.

As previously referenced from D’arcy (2005) in the phenolics section, a recent study by Gheldof and
Engeseth (2002) showed that there is a strong correlation (R2 = 0.963, p < 0.0001) between the
antioxidant capacity of a honey and the concentration of its total phenolic acids. However, the
antioxidant capacity varies greatly depending on the honey floral source, possibly due to the
differences in content of plant secondary metabolites and enzyme activity (Frankel et al., 1998).

Ascorbic acid, as well as many antioxidant alkaloids, are water soluble, so a higher percentage water
content in honey could conceivably allow for greater amounts of dissolved antioxidants for a given
amount of honey (Frankel et al., 1998). Frankel et al. (1998) reported that the honey sample with the
highest antioxidant capacity measured was 20.3 times that of the lowest monofloral honey samples,
with the highest value of 432 x 10-5 peq for 1995 Illinois buckwheat and the lowest value of 21.3 x 10-
5 peq for 1994 California button sage (Frankel et al., 1998). Colour accounted for over 60% of the
variance in antioxidant capacity for the honeys examined (r2 = 0.634), with darker colour having
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greater antioxidant capacity. The regression of water content on antioxidant capacity was significant
but accounted for a lower proportion of variance in antioxidant capacity than did colour (r2 = 0.366, p
< 0.005). It is also reported that the antioxidant capacity of honey is attributed principally to its non-
protein constituents, as heating honey did not alter its capacity to prevent B-carotene oxidation
(Frankeletal., 1998). It was concluded that antioxidant content is positively correlated with both water
content and honey colour, suggesting that honey with more pigments or secondary plant metabolites
may have a higher antioxidant capacity (Frankel et al., 1998). Some recent studies of the antioxidant
capacity of honeys conducted in the USA confirmed this finding (McKibben and Engeseth, 2002;
Gheldof and Engeseth, 2002).

Four Leatherwood honeys were analysed in 2009 using the ORAC methodology with activity
expressed as ‘Trolox’ equivalents per gram of honey (TEumol/g) (Novost 2009). Leatherwood activity
was reported as being relatively low except for one sample sourced from the Tarkine in NW
Tasmania.

Antibacterial activity

All honeys exhibit antibacterial activity to a certain degree, due to their natural composition. The
combination of high sugar content and low water content results in a high osmolarity, which creates
unfavourable conditions for bacterial growth. Furthermore, the low pH of the honey provides an
unsuitable environment for the colonization of most bacteria. Honeys, which show an additional
antibacterial activity to the above-mentioned, are classified as active honeys. This effect can be
ascribed to different antibacterial components like hydrogen peroxide, which accounts for the
peroxide activity of the honey and phenolic compounds MGO and other antibacterial compounds,
which are responsible for the non-peroxide activity. The two types of antibacterial activity have
significant differences regarding their stability and suitability for different applications. Peroxide
active honey, for example, can only be applied on dry wounds or dermatological conditions, because
the active component hydrogen peroxide is converted into oxygen and water by the enzyme catalase,
which is present in body fluids. Non-peroxide active honey is not affected by enzymatic degradation
and thus, can be applied on open wounds as well. Furthermore, non-peroxide activity is preserved
after heat exposure and remains stable during storage and thus, has a longer shelf life.

To date, the greatest antibacterial activity is demonstrated for manuka honey with the main active
constituent methylglyoxal (MGQO), which is a phytochemical which is mainly responsible for the
antibacterial activity (Mavric, Wittmann et al. 2008). It is produced during honey ripening in the
honeycomb, harvesting and storage from 1,3-dihydroxyacetone (DHA), which is a nectar constituent
that is found in several Leptospermumspecies (Cokcetin, Pappalardo et al. 2016)(Figure 7). The
reaction mechanism is not verified yet, but one possible nonenzymatic dehydration of DHA has been
presented (Norton, McKenzie et al. 2015),
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Figure 7: Conversion of DHA into MGO
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In addition to its stability against heat exposure and enzymatic degradation, MGO was also shown to
resist gamma irradiation. The capability to undergo this procedure, which is used for sterilization,
further demonstrates the utility of manuka honey for medicinal purposes. It was observed that MGO
and hydrogen peroxide are mutually exclusive {Majtan, 2013 #133}. It is proposed that MGO inhibits
the glucose oxidase, which is responsible for the production of hydrogen peroxide.

Nevertheless, honeys can show both, peroxide and non-peroxide activity, due to phenolic compounds
like pinocembrin or methyl syringate, which were found to possess a significant antibacterial effect.
The value of the total antibacterial activity varies depending on the applied testing method, which is
due to the very complex composition of honey (Roshan, Rippers et al. 2017). Thus, different methods
must be used in conjunction to obtain the most accurate result for the total activity (Roshan, Rippers
etal.2017).

Common techniques for the evaluation of antibacterial potential are the time-kill assay, the broth
microdilution assay for determination of minimum inhibitory concentration (MIC) and minimum
bactericidal concentration and the agar well diffusion assay. The non-peroxide activity can be
measured with the same methods after hydrogen peroxide removal through catalase treatment or
after heating.

The peroxide activity can be calculated subsequently from the total antibacterial activity or can be
monitored indirectly by using electrochemical methods. Since glucose oxidase requires one molecule
of oxygen to synthesize one molecule of hydrogen peroxide, the oxygen depletion in a fresh, agueous
honey solution can be measured with an oxygen probe for the determination of hydrogen peroxide. In
addition, there are different colorimetric methods available using the enzyme peroxidase to convert
H»O, and a substrate into a coloured product, which can be analysed on the spectrophotometer.

Prebiotic activity

Prebiotics are considered as functional foods, which provide an additional health effect beyond their
nutritional value (Conway, Stern et al. 2010). Many natural products contain prebiotics in the form of
fibre, for example, but commercial preparations of inulin, fructo-oligosaccharides or galacto-
oligosaccharides are also available (Conway, Stern et al. 2010). Defined, prebiotics are long-chain
carbohydrates which cannot be digested and absorbed by the human body (Conway, Stern et al.
2010). When these substances reach the large intestine, they can influence the ratio of beneficial and
harmful bacteria, which colonize the human gastrointestinal tract, through different mechanisms
(Conway, Sternet al. 2010).

Benign gut bacteria are termed probiotics and include bifidobacteria and lactobacilli, which can utilize
these compounds as food source in a fermentation process (Conway, Stern et al. 2010). Thus, their
population increases and results in a reduction of the harmful bacteria like Bacteroides and clostridia,
since the beneficial and harmful bacteria compete for nutrients and attachment sites (Vyas and
Ranganathan 2012). Furthermore, the population of harmful bacteria can be reduced through
receptor blockage, which is another mechanism of prebiotics to modulate the microflora (Conway,
Stern et al. 2010). It is important to stimulate the proliferation of benign microflora by providing the
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necessary prebiotics as a food source, because it plays an essential role in human health and well-
being (Vyas and Ranganathan 2012).

One essential function of the gut bacteria is the production of vitamin B and amino acids, which
provides important nutrients for the human body. Furthermore, secreted short chain fatty acids like
acetate, propionate and butyrate play a crucial role in different regulation processes (Vyas and
Ranganathan 2012). Butyrate, for example, is involved in the regulation of cell growth and
differentiation and thus, helps to develop and to preserve the intestinal structure (Salminen, Bouley et
al. 1998). Furthermore, butyrate stimulates the generation of mucin, a constituent of the intestinal
mucus layer, which presents a barrier for proinflammatory compounds and accounts for the uptake of
antigens (Kleessen and Blaut 2005).

Thus, the prebiotics are indirectly implicated in well-functioning human immune systems to resist
infections and provide health. Furthermore, it is important to maintain a healthy microflora, since an
imbalance between beneficial and harmful bacteria is associated with different diseases like obesity,
colon cancer, gastric ulcers, and functional bowel diseases (Vyas and Ranganathan 2012).

Physiochemical parameters of Honey

Electrical conductivity

The measurement of the electrical conductivity is applied in routine honey quality control and
replaces the determination of the ash content, since thereis a linear correlation between the two
parameters (Piazza, Accortiet al. 1991). Furthermore, this method has the advantage of being fast
and simple since it requires only a conductivity electrode. The mineral content and the acid content in
the honey are the main parameters, which influence the electrical conductivity (Bogdanov 1999). The
higher the value, the higher the content of these substances in the honey. Electrical conductivity has
been used to distinguish blossom honey from honeydew honey and to characterize monofloral
honeys (Bogdanov 1999). Blossom honeys should have a conductivity value less than 0.8 mS/cm
whilst chestnut and honeydew honey should have more than 0.8 mS/cm, except for some honeys from
Leptospermum, Eucalyptusor Banksia, for example, which have a very high natural variation
(Bogdanov 1999).

Moisture content

Water content is an important quality criterion and depends on the production season, climate, and
storage conditions (Bogdanov, Ruoff et al. 2004). Some monofloral honeys have characteristic
moisture values, which affect other physical parameters such as the viscosity, the crystallization
behaviour, and the glucose/water ratio (Bogdanov, Ruoff et al. 2004). Water content is mainly a
critical parameter to evaluate the risk of microbiological spoilage through yeast fermentation and
thus, to determine the stability and shelf life of the honey (Bogdanov 1997). For quality assurance, the
water content of honey shouldn’t exceed 21% to avoid undesirable fermentation. An exemption is
applied for heather and clover honey, allowing up to 23 % moisture content (Gallina, Stocco et al.
2010). Awater content below 17.1 % is desirable, since it provides an environment which is not
suitable for yeast growth and the viability of other microorganisms (Bogdanov 2011).
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Honey bees reduce the water content from approximately 70 % to under 20 % through evaporation
and the breakdown reactions of plant derived carbohydrates, catalysed by various enzymes, which
are added by the bees during nectar collection (Conway, Stern et al. 2010).

Organic acids & pH

The main organic acid is gluconic acid followed by formic, acetic, citric, lactic, maleic, malic, oxalic,
pyroglutamic and succinic acid, which were only detected in small amounts in honey (Mato, Huidobro
et al. 2003). Phosphates, carbonates, and other mineral salts in the honey have a buffering potential,
so that addition of small amounts of acids and bases do not appreciably change the pH value
(Bogdanov 2011). The pH can affect the other parameters such as the release of volatiles as warm,
acidic conditions in the beehive can favour the enzymatic hydrolysis of flavonoid glycosides or other
reactions like the dehydration of 2,6-dimethyl-3,7-octadien-2,6-diol into hotrienol, a major aroma
component in leatherwood honey (Rowland, Blackman et al. 1995)(Figure 8).

HZCMOH > H,CZ = CH,
HyC™  OH CH; -H,O HyC™ "OH

H3C H3C

Figure 8: Dehydration of 2,6-dimethyl-3,7-octadien-2,6-diol to hotrienol

Ina 2011 study, only four out of 11 Leatherwood samples were found to have detectable activity
against Staphylococcus aureus ATCC 9144 with a Total Activity (TA) ranging from <5to 15.6
calculated as a % (w/v) phenol equivalents (Irish, Blair et al. 2011). This method does not discriminate
between individual antibacterial factors and their relative contributions to overall antibacterial
activity. ATA of at least 10% (w/v) phenol is regarded as having therapeutic benefits (Cooper RA
2009). Ina 2011 study of 477 Australian produced honeys, only 57% were found to have levels of
bioactivity considered to be therapeutically useful (Irish (2011). In most cases the antibacterial
activity was due to hydrogen peroxide, whilst only 16.8% of samples had anti-microbial activity that
was attributed to non-peroxide activity. Peroxide activity decreased over time but was retained
longer when stored at 4°C. In contrast, the non-peroxide activity increased during storage.
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Objectives

Demonstrate to Tasmanian beekeepers how Leatherwood bioactivity compares with other
monoflorals and establish descriptors of Leatherwood honey bioactivity. In doing this, a chemical
profile to develop an industry standard for Leatherwood honey will also be developed. The chemical
profile, and particularly chemical signatures of Leatherwood honey, will be used to prove the
monofloral status of Leatherwood honey. The technology will have relevance to establishing systems
of traceability.

Key activities

Development of analytical methodologies

Establishing descriptors of Leatherwood Honey and screening samples from across Tasmania
Investigating the stability of peroxide activity in honey during storage

Developing methodologies for the authentication of honey produced from the nectar of
Australian natives

Develop a chemical profile for Leatherwood honey.

Test for antimicrobial activity

Engage with the CRCHBP to leverage technology and marketing developments

Impacts
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The Tasmanian Bee Industry will have a set of standardised descriptors for Leatherwood
honey to use as benchmarks.

A chemical profile to be used as an industry standard for Leatherwood honey will be
presented and this is to be used to prove conformity of products introduced to the market
through known and unknown distributors.

Active constituents within the honey that promote antimicrobial, antioxidant and prebiotic
activity will be identified and correlated with outcomes from bioactivity trials.

Secondary metabolites that contribute to the antioxidant and anti-microbial properties of
Leatherwood honey will be identified and quantified

The effect of storage conditions on the stability of the bioactivity of Leatherwood honey will
be identified. This will ensure correct conditions during transport and can be used on labelling
to highlight properties worth preserving.

The chemical profile and particularly chemical signatures of Leatherwood honey will be used
to confirm the mono-floral status of the Tasmanian honey. The technology will have relevance
to establishing systems of traceability.



Outputs
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Identification of mono-floral honeys from their chemistry

HPTLC fingerprinting and collation of data on pH, water content, colour, HMF, sugar profile,
total phenolics, total flavonoids

Database analysis undertaken to report on key phytochemical and bioactivity characteristics
of honey by bioregion and mono-floral honey opportunities

Protocols for maintaining honey quality and meeting export requirements validated

Value attributes of hydrogen peroxide honeys are optimised through their harvesting,
handing and storage

Identification and efficacy of health attributes in honey
In-depth antimicrobial analysis and bacteria assessment of honeys of interest

Correlation to chemical analysis undertaken



Project activities

Methodology

Leatherwood honey samples from different production years and different locations were supplied
from apiaries in the Northwest, West and Southwest of Tasmania. Most honeys produced are blends
from separate hives which are combined into batches. The honey in each batch is usually a
combination of product from hives that are within a range of 3 to 5 kms from each other and usually
follow access roads through the forests of Northwest, West, Central highlands, and Southwest
Tasmania. The decision to analyse the batches, rather than from frames from individual hives was
based on practicalities and the variations that would occur should collection from hives be instigated.
It was also considered that the study should be relevant to commercially available honeys which are
rarely obtained from one hive.

The parameters measured include:

e pH, colour, and moisture

e electrical conductivity

e phenolics GAeq

e antioxidant properties (FRAP, DPPH)
e peroxide levels

e Dbioactivity against microbes,
e volatile profile

e phenolic acids

e sugar profile by HPTLC

e taste profile of LW honeys

e NIRand FTIR

e HPTLC fingerprint

Diastase activity, total acidity, insoluble and HMF levels of 24 Leatherwood honeys were also
measured.

University of the Sunshine Coast. measured MGO and DHA levels on some Leatherwood honeys.
(available on request)

The sample set analysed include:
Total 170 leatherwood honeys

Freshly collected during the Project
2021 n>50
2020:n=62
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Archival honeys

2019:n=10,
2018: n=30,
2017/:n=11,
2016:n=14,
2015:n=9,
2014:n=6)

The seasonal variation and influence of physiochemical properties on quality parameters such as
bioactivity were also explored.

Methods of analysis overview

Different methods include:

> Static headspace analysis (Rowland, Blackman et al. 1995),

> Dynamic headspace analysis using the purge and trap method (Rowland, Blackman et al.
1995, Patrignani, Fagundez et al. 2018),

> Headspace solid-phase microextraction with different stationary phases (Cuevas-Glory, Pino
et al. 2007, da Costa, Sousa et al. 2018) and liquid extraction (Rowland, Blackman et al. 1995,
L. Castro-Vazquez 2003, D. M. Meloncelli 2015, Kus, Jerkovic et al. 2018).

» Conductivity and pH were measured using a conductivity electrode and pH-meter,
respectively (Bogdanov 1999, Prior, Hoang et al. 2003, El Sohaimy, Masry et al. 2015,
Roshan, Rippers et al. 2017).

» Colour intensity was determined as the difference in absorption, measured at 450 nm and
720 nm using a spectrophotometer and was expressed in mAU using a colour photometer
(Bogdanov 1997, Beretta, Granata et al. 2005, El Sohaimy, Masry et al. 2015, Roshan,
Rippersetal. 2017).

> Moisture content was determined by measuring the refractive index (El Sohaimy, Masry et al.
2015).

» The volatile profile of the honeys was determined by GC-MS and GC FID.

> Phenolic and flavonoid profiles were determined using liquid extraction (D. M. Meloncelli
2015). Total phenolic content was measured using the Folin-Ciocalteu method (Singleton and
Rossi 1965, Meda, Lamien et al. 2005) using gallic acid as reference.

» The antioxidant effect in honey is caused by different antioxidant components, which cannot
all be evaluated with a single test. Therefore, the FRAP assay (ferric reducing antioxidant
power) (Strain 1996), and the antiradical power assay using DPPH (Brand-Williams 1995)
were used (Thaipong, Boonprakob et al. 2006).

» Since hydrogen peroxide mainly accounts for the antibacterial effect, H202 concentration
using peroxidase to convert H202 and a substrate into a coloured product, which can be
analysed by spectrophotometry. Peroxidase catalyses the reaction of H202 and o-dianisidine
to form a greenish product (Kwakman, Te Velde et al. 2011, Roshan, Rippers et al. 2017)

» There are different methods available to evaluate the antibacterial potential of the honey,
which should be applied in conjunction to obtain a most accurate result, since the
antibacterial activity varies depending on the testing method (Roshan, Rippers et al. 2017).
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Honeys will be examined by the microplate, microdilution assay developed by Green et al.
2000. Microorganisms tested are Staphylococcus aureus ATCC 29213, Enterococcus
faecalis ATCC 29212, Escherichia coli ATCC 25922 and Pseudomonas aeruginosa ATCC
27853.

Results

Physicochemical Properties

The research for this section was conducted by PhD candidate Katharina Schmidt
PH, electrical conductivity, colour, and water content was measure in archival honeys dating back to

2013, and in fresh honeys collected from Tasmanian Leatherwood Honey beekeepers in 2020 and
2021. Table xx lists the range and mean of the relevant parameters.

Table 2. Physiochemical parameters of Leatherwood honey

Parameter range

pH range 45t06.0 mean 5.0

EC 37410824 mean 541

Colour: 0.21to01.19 mean 0.39 absorbance units

Moisture: 14.9t0 18.0 mean 15.8 % (codex: not more than 20%)
DPPH <10.5t0 95 mean 51.6 umol/100g AAE

FRAP Fe2+eq. 123t0 592 um/100g mean 272 umol/100g

Total Phenolics 22 to 65 mg/g GAE mean 40 mg/g GAE

Peroxide activity 6to35pg/g mean 21.2 + 8.4 ug

Total Activity (AAVs) 300to 500 mean 414

Changes in physiochemical parameters over seasons

Measurements of the physiochemical parameters over the years were measured and presented
(Figure 9). Avariation of pH, EC, colour and water content is evident over the years. The honey
production year of 2019 had the lowest mean pH and the highest EC, colour, and water content. The
bush fires that devasted the industry in 2019 may not have been co-incidental and a closer
examination of the influence of monthly rainfall, temperature and humidity is required.
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Figure 9: pH, EC, colour, and water content in leatherwood honeys collected from 2013 to 2021

Antioxidant properties of Leatherwood honey

Antioxidants are substances that can protect our cells from damage caused by free radicals, which
may play a role in heart disease, cancer, and other diseases. In chemistry, a free radical is an atom,
molecule, or ion that has at least one unpaired electron. This makes them highly reactive as molecules
are more stable when their electrons are paired. As a result, free radicals will ‘steal’ electrons from
membranes, DNA, or other parts of the cell, causing damage. There are many ways to measure
antioxidant activity and in this study DPPH and FRAP assays were used to measure the antioxidant
activity of Leatherwood honey produced in 2017 through to 2021.

DPPH radical scavenging activity

DPPH (2,2-diphenyl-1-picryl-hydrazyl-hydrate) forms a stable radical which is violet when dissolved
in ethanol solution. In the presence of an antioxidant molecule the hydroxyl radical is reduced, and the
solution becomes colourless when fully guenched. Spectrophotometry is used measure the degree of
colour loss over time, so it can be useful to assess the antioxidant properties of various products
(Blois 1958). Radical scavenging activity was determined for Leatherwood honeys produced in 2019
through to 2021. The results are presented in Figure 10.
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Figure 10: DPPH activity in Leatherwood honeys from 2017 to 2021

The highest levels DPPH radical scavenging activity were detected in honeys produced in 2019 and
the assay showed that activity was positively correlated with honey colour (R?=0.59), water content
(R?=0.25) and colour (R?=0.40) and negatively correlated with pH (R?=0.53). The 2019 season was

greatly affected by high temperatures and fires in Tasmania, but this possible correlation cannot be

verified.

Ferric ion reducing power (FRAP)

Ferric ion reducing power (FRAP) assays also measure antioxidant capacity. FRAP exploits the
capacity of antioxidants to reduce colourless ferric iron (Fe®*) to coloured ferrous irons (Fe?*) which
absorb at a wavelength of 593 nm. Assays were undertaken on the same set of samples analysed by
the DPPH method. Again, samples from 2019 had the highest antioxidant activity with a mean value
of 445.7 + 98.9 ferrous ion equivalents, which was in the same range as UImo honey (361.8 + 3.8
ferrous ion equivalents) which is an antibacterial honey produced from an Eucryphiaspecies in Chile.
Figure 11 presents the results from honeys analysed in 2017 to 2021.
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Figure 11: Antioxidant capacity as measure by the FRAP assay of Leatherwood honey produced in 2017 to
2021.

The Ferric ion reducing power was found to be positively correlated with honey colour (R?=0.74),
water content (R?=0.37) and colour (R?=0.66) and negatively correlated with pH (R?=0.47).

Total phenolic content

Honeys contain a range of phenolic compounds that contribute antioxidant properties. Both the
DPPH and FRAP assays measure the antioxidant properties of samples, including phenolics, but these
reagents also react to other components such as metal chelates. The reagent Folin-Ciocalteu (FCR) is
reduced in the presence of phenolics resulting in the production of molybdenum-tungsten blue that
is measured spectrophotometrically at 760 nm and the intensity increases linearly with the
concentration of phenolics.

Method

1 g honey was dissolved in 4 mL water. A twofold dilution series of gallic acid in H2O (1 mg/mL -
0.007 mg/mL) was used for the calibration curve. 0.5 mL FCR reagent was added to 100 ulL honey
solution and to 100 uL gallic acid serial dilutions, respectively. After incubation for 5 min, 3mL 10 %
Na2CO3 solution and 6.4 mL water were added. The solutions were shaken and incubated at RT in
the dark for 90 min. The absorption was measured at 725 nm and the results expressed as gallic acid
equivalents (GAE) in mg per g honey.

Total phenolic content, which is related to antibacterial and antioxidant activity, was determined for
leatherwood honeys from 2017-2021 (Figure 12). Samples from 2019 had the highest total phenolic
content with a mean value of 58.0 + 5.6 gallic acid equivalents (GAE) and were in the same range as
Ulmo honey (60.8 + 3.4 GAE).
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Figure 12: Total phenolic content in Leatherwood honeys from 2017 to 2021

The total phenolic content was found to be positively correlated with honey colour (R?=0.71) meaning
that the darker the honey colour is the higher is the content of phenolic compounds in the honey.

Hydrogen peroxide tests

Hydrogen peroxide accumulation, which is related to antibacterial activity, was determined for 113
leatherwood honeys from 2017-2021. A high variation in hydrogen peroxide accumulation was
observed for the 2020 samples ranging from 5.7 to 35.2 pg per gram honey. On average, the
hydrogen peroxide accumulation was high with a mean value of 21.2 + 8.4 ug per gram honey.
Hydrogen peroxide accumulation decreased dramatically with honey age, although a few samples
from 2018 still had a high to moderate activity. The results are presented in Figure 13.
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Figure 13: Peroxide activity of 113 Leatherwood honeys collected from 2017 to 2021
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The relationships between physiochemical properties of Leatherwood honey and hydrogen
peroxide activity

Peroxide activity contributes to the bioactivity of honeys. In this study, the level of peroxide activity in
Leatherwood honey was shown to have a mean of 21.2 £ 8.4 pg/g. How this parameter relates to the
pH, EC, colour, and water content may help to understand the chemistry, stability and honey factors
that are indicative and/or conducive to high peroxide levels. Figure 14 shows the relationships
between peroxide levels and physiochemical parameters for samples analysed in 2020 and 2021.

Linear regression is a simple way to see if there are strong relationships between different variables.
If there is adirect correlation between two measurements they form a straight line, with either a
positive or negative slope, when plotted in two dimensions. The linearity of the line is a measure of
how strong the relationship between the parameters is and that is expressed by a factor known as R?,
which measures the degree of difference for the actual measurements, to the mean calculated if a
perfect correlation exists. A direct correlation returns a R? value of 1. The R? values are shown in each
of the graphs presented in Figure 14. The correlations are relatively low, with the strongest
relationship shown to exist between peroxide activity and pH with R?=0.308, with an even weaker
relationship shown to be between peroxide activity and EC.
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Figure 14: Relationship between peroxide levels and physiochemical properties in Leatherwood Honeys
produced in 2020/2021

Closer statistical analyses were performed to establish whether the combined influence of pH and EC
could be correlated with hydrogen peroxide activity. The relationships between hydrogen peroxide
levels, EC and pH were shown to be slightly stronger in honey from 2021 as shown in Figure 15 with
R? at 0.404 and 0.272 respectively. This may be related to the time between collection and testing.
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Figure 15: The relationship between hydrogen peroxide activity (ug/g honey) and physiochemical parameters

Statistical analysis

Multiple linear regression analysis was used to establish a model, or formula which can be used to
describe the individual relationship between hydrogen peroxide levels and each of the parameters of
pH and EC compared to the combined effect of pH and EC. The statistical term which is used to
assess the model of best fit is the Akaike Information Criterion (AIC), which, in basic terminology,
measures the amount of information lost when a model is used to predict the level of hydrogen
peroxide based on pH, and/or EC.

The lower the AIC, the better the model. Table 3 presents the AIC and the subsequent R? value for
three formulae which describe the individual model using each of pH and EC, and the combined model
where both parameters are used to predict hydrogen peroxide levels in Leatherwood honey.

Table 3: Best fit for three models using pH and/or EC to predict hydrogen peroxide levels in Leatherwood
honey as described by AIC and R2.

H202 ~1+pH+EC 523 0.5174
H202 ~ 1 + pH 536 0.4035
H202 ~ 1 + EC 551 0.2722

The data output in Figure 16 shows the statistical evaluation of the model: Peroxide level (ug/g LW
honey) = -123.376 + 19.030x pH +0.105x EC
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call:
Tm{formula = H202 ~ 1 + pH + EC, data = hyd2l)

Residuals:
Min 10 Median 30 Max
-17.479 -4.165 -1.516 5.282 1E8.512

Coefficients:
Estimate std. Error t value Pr(=|t|)
(Intercept) -123.37599 16.62275 -7.422 1.9b6e-10 ¥#*

pH 19.02989 3.16846 6.006 7.35e-08 #*=
EC 0.10474 0.02559 4.093 0.000111 ===
Signif. codes: 0O *¥***' 0,001 ***' 0.01 **' Q.05 *." 0.1 * " 1

Residual standard error: 8.016 on 71 degrees of freedom
Multiple R-squared: 0.5174, Adjusted R-squared: 0.5038
F-statistic: 38.06 on 2 and 71 DF, p-value: 5.85%e-12

Figure 16: Statistical software package (R statistics™) describing the model: ‘peroxide level (ug/g LW honey) = -
123.376 + 19.030x pH +0.105x EC’

The scatter plot when known values of pH and EC are used to predict peroxide level (Figure 17).
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Figure 17: Scatter plot of data input into model: ‘peroxide level (ug/g LW honey) = -123.376 + 19.030 x pH +
0.105x EC

The improvement in R? of 0.517 for the model shown in Figure 17 more closely predicts the levels of
hydrogen peroxide in Leatherwood honey than using pH levels alone (R? = 0.404), however the
correlations are still limited. The model may be useful to identify honeys that are likely to have higher
hydrogen peroxide levels, that subsequently could undergo further investigation using conventional
analytical methods.
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The relationships between physiochemical properties of Leatherwood honey and total
phenolics

Briefly, the only statistically significant correlation is between the level of Total Phenolics (TP) and
colour (R?=0.67) (Figure 18). The more coloured a honey is, the higher the TP is likely to be. Further
work investigating these correlations is to be presented in future publications.
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Figure 18: The relationship between total phenolics and physiochemical parameters
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Sugars in Leatherwood Honey by HP TLC
The analysis of sugars undertaken in this section were completed by Khairul Islam (UWA)

Many adulterations involve either the feeding of honey bees with sugar syrups or the deliberate
addition of sugar syrups to the honey to increase the bulk weight. Methods of authentication have
been developed to not only detect bulking of honey with glucose, fructose, industrial grade sugars and
syrups from corn, rice and, maple syrup but to techniques to confirm monofloral status of premium
honey have been developed (Zabrodska 2014, Islam, Sostaric et al. 2020). The carbon isotope method
(AOAC 998.12) compares the ratio of C12 and C13in honey sugars to that of the extracted protein.
Adifference greater than 1%o. indicates that the carbohydrates and the pollen have different origins.
However, many Australian and New Zealand honeys often fails this test eroding the confidence of
consumers in the authenticity and provenance . The strengths and weaknesses of analytical
technigues and the causes of unusual isotopic fractionation in Leptospermumhoneys were assessed
to address concerns that Australian honey samples fall outside the “typical” ranges established with
honeys from other countries (Frew, McComb K Fau - Croudis et al., Ayton 2019). Few laboratories
have the complex equipment and expertise to undertake the analysis and the Australian honey
industry would be well-placed to develop methods that address the unique characteristics of
Australian honey. As with the physiochemical parameters presented earlier in this document, this
study seeks to establish typical ranges of the ratio of the major sugars in Leatherwood honeys to be
used as a quality parameter and to provide another measure to confirm authenticity.

Methodology

The HPTLC sugar profile was used to quantify their fructose, glucose, sucrose, and maltose content in
aqueous extract of honey samples as described by Islam et al. (2020). Briefly, 100 mg of honey were
dissolved in 80 mL of 50% aqueous methanol by sonication, then made up to 100 mL with 50%
agueous methanol. The intensity of banding for each sugar were used to quantify the sugars by
comparison to glucose, fructose, sucrose, and maltose standard curves. Aliquots of 1 uL, 2 uL, 3 L,
and 4 uL of the respective standard solutions were applied to HPTLC plates (silica gel 60 F 25, HPTLC
glass plates, 20 x 10cm) and analysed by HPTLC (CAMAG, Muttenz, Switzerland). The concentration
of standards was fructose (250 ng/uL), glucose (250 ng/uL), sucrose (28 ng/uL) and maltose (53
ng/uL). To quantify the fructose and glucose, 2 pL of the respective sample solution (Figure 3) and to
quantify sucrose and maltose é UL of the respective sample solution (Figure 4) were applied.

All the honeys were run triplicate.
Results

Figure 19 shows an example of the HPTLC derived fingerprints of the sugar standards and the
Tasmanian honey organic extracts.
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Figure 19: HPTLC images taken under white light after derivatisation with aniline-diphenylamine-phosphoric
acid reagents. a. track 1 to 4 - standards (fructose Rf 0.14 and glucose Rf 0.33), track 5-LW honey & 6-Manuka
honey, b. Track 1 to 4 - standards (maltose Rf 0.18 and sucrose Rf 0.27), track 5-LW honey & 6-Manuka honey

Table 4: shows the results for 20 Leatherwood honeys analysed for sugar content by HPTLC.

Fructose ( Glucose ( Maltose ( Sucrose (
JWA /100g : /100g : F:G /100g : /100g : Total Fructose,
Code Glucose and Maltose
honey) honey) honey) honey)
TS-01 38.83 29.93 1.30 1.07 <0.5 69.83
TS-13 39.86 32.31 1.23 0.88 <0.5 73.05
TS-14 40.37 33.17 1.22 0.90 <0.5 74.44
TS-15 41.75 31.07 1.34 0.92 <0.5 73.74
TS-16 41.67 33.28 1.25 0.95 <0.5 75.90
TS-17 41.74 30.64 1.36 0.89 <0.5 73.28
TS-18 43.60 29.95 1.46 1.13 <0.5 74.69
TS-19 43.13 32.99 1.31 1.16 <0.5 77.28
TS-27 40.46 32.49 1.25 1.49 <0.5 7444
TS-28 41.63 29.20 1.43 1.48 <0.5 72.31
TS-29 40.83 30.00 1.36 142 <0.5 72.26
TS-35 39.70 32.57 1.22 1.23 <0.5 73.50
TS-36 40.78 31.68 1.29 1.29 <0.5 73.75
TS-37 41.26 31.54 1.31 1.36 <0.5 74.15
TS-38 40.38 29.72 1.36 1.12 <0.5 71.22
TS-39 38.62 31.03 1.24 0.90 <05 70.55
TS-40 39.91 28.66 1.39 1.08 <0.5 69.65
TS-41 38.99 31.02 1.26 0.99 <0.5 71.00
TS-43 40.79 30.03 1.36 0.99 <0.5 71.81
TS-44 39.95 31.12 1.28 1.15 <0.5 72.22

The range of each sugar is presented in Table 4, and the overall sugar levels..
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Table 5: Levels of sugars detected in Leatherwood honey as determined by HPTLC

Total Fructose,

Fructose Glucose (g Glucose and
ranges (g/100g) /100g) F:G Maltose (g/100g)  Maltose
low 38.6 28.7 1.2 0.9 69.7
high 431 33.3 1.5 1.5 77.3
mean 40.7 31.1 1.3 11 73.0

Higher amount of fructose, which is more soluble than glucose, retards the crystallization process in
the final product and ensures a longer shelf life (Burlando and Cornara 2013).

Volatiles in Leatherwood Honey
The research for this section was conducted by PhD candidate Katharina Schmidt

The phytochemical composition of honey, and with this its organoleptic and bioactivity profile, is
directly related toits floral origin, namely the flowers bees visit and the nectar they collect. The
volatiles of Leatherwood honey were extracted with ethyl acetate and analysed by GC/MS and
GC/FID. Figure 20 shows the GC/MS analyses of the honey in alongside the profile of a mixed
blossom honey.
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Figure 20: GC MS trace comparing Leatherwood Honey with mixed blossom honey

Statistical analyses of large numbers of Leatherwood Honey, other monoflorals and mixed blossom is
required to nominate a profile that is uniquely characteristic of Leatherwood honey. Table 5 records
the volatiles that were present in all the Leatherwood Honeys analysed in addition to some others
that were present in the majority and are important in terms of honey quality. A full list of volatiles
detected is available on request.
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Table 6: Volatiles that were present in all the Leatherwood Honeys analysed

52

No. Rt |Compound name KI | NIST | Column )curr.,’[%IMin_:'pprﬂMaxlpprﬂﬂean,fppll SD |Honey |Aroma |Bioactivit
1| 343 |DHA 893 041 enp 100 0.005 0.198 0.045 0.036 v v v
4] 6.2 |Benzyl alcohol 1031 [1036+4| ssnp 100 0.035 0.204 0.095 0.033 o v v
9| 7.88 [1,6-Octadien-3-0l,3,7-dimethyl-{Linalool] 1008 |1099+2 ssnp 100 0.022 | 0761 [ 0.103 | 0.076 ¥ ¥ ¥
10| 7.99 |15 7-Octatrien-3-ol, 3,7-dimethyl- {Hotrienol) 1102 [1107+1  ssnp 100 0.566 6.942 2322 1.188 ¥
15( 9.05 [LilacaldehydeB 1138 | 1154 | ssnp 100 0.002 | 0279 | 0.048 | 0.062 ¥ ¥
16| 9.08 |23-dihydro-3,5-dihydroxy--6-methyl-4H-pyran-y 1139 | 1151 | ssnp 100 0.017 | 0662 0239 | 0.113 ¥ v

2,6,6-Trimethyl-2-cyclohexene-1,4-dione (4-
17| 9.16 . 1142 |1144+4  ssnp 100 0.061 | 0331 | 0191 | 0.052 v

Dxoisophorone)
18| 9.3 |LilacaldehydeC 1147 | 1197 enp 99 0 0.62 0.218 0.103 o
19 9.8 [lLilacaldehyde D 1164 | 1169 | ssnp 100 0.021 | 0357 [ 0155 | 0.075 ¥
21] 10.5 |3,7-Octadiene-2,6-diol, 2,6-dimethyl- 1188 [1190+7F] ssnp 100 1.794 | 26.213 | 12.002 | 4.075 v
23| 11.56 | 5-Hydroxymethylfurfural 1222 [1233+8[ ssnp 95 0 1.758 | 0.536 | 0.346 ¥ ¥
25| 12.23 |Benzeneacetic acid 1244 | 1249 | enp 99 0 1.024 0.15 0.157 ¥ v v
26| 123 |Benzene, 1,3-bis{1,1-dimethylethyl}- 1246 | 1249 [ ssnp 98 0 0522 | 0194 | 0.114 ¥
27] 12.5 |Benzaldehyde, 4-methoxy- {4-Anisaldehyie) 1252 [1251+3[ ssnp 100 0476 | 2917 | 1.092 | 0.564 v v v
29| 13.51 |Orthomethoxyacetophenone [o-Acetylanisole] | 1285 |269£14  snp 100 0.017 | 2077 | 0178 | 0.218 v
32| 15.72 |Cyclohexanone, 4-{1,1-dimethylpropyl}- {Orivon{ 1356 [B00/13] p/lit 99 0 0638 | 0336 | 0.142 ¥ ¥
33| 15.83 |2,/-Octadiene-1,6-diol, 2,6-dimethyl- (8- Hydroa| 1359 [1361+6]  ssnp 100 0.16 2785 | 0893 | 0.629 ¥
36| 17.66 |Benzoic acid, 4-methoxy- [p-Anisic acid) 1419 [1452+1  ssnp 100 0.246 3.82 1.056 | 0.523 ¥ ¥ ¥
37| 17.84 |Cinnamic acid 1425 [1435+:1  ssnp 97 0 0.201 0.063 0.049 v v v
41| 19.33 [Benzaldehyde, 3,4-dimethoxy- {Veratraldehyde)] 1474 [495:3] ssnp 100 0.166 | 2.185 | 0942 0.352 v v v
44| 203 [3-Phenyllactic acid 1506 | 1511 enp 33 0 123.562 [ 5571 | 16.265 ¥ ¥
49| 23.74 [Benzoic acid, 3,4-dimethoxy- {Veratric acid) 1626 [1679+9[ ssnp 100 0.238 | 1298 | 0816 | 0.201 o ¥
50| 24.04 |1,A-Dimethylindanyl acetate 1637 [p43/16] lit/ssnp 100 1.114 5239 | 275 | 0915 ¥
54| 27.06 [4-{1, 5-Dihyd roxy-2 6,6-trimethylcyclohex-2 -enyl) 1748 | 1767 | enp 96 0 1804 | 0549 | 0.242
55| 27.38 |Benzoic acid, 4-hyd roxy-3,5-dimethoxy-, methyl | 1761 | 1744 [ ssnp 100 0316 | 37945 4644 | 5216 ¥ ¥
56| 27.72 | > >Ba Tetramethyl-A-methylene-6,78.8a- | oo | 00 | ann | 100 | 0357 | 7382 | 4945 | 130

tetrahyd ro-4H,5H-chromen-4a-yl hydroperoxide




Volatiles of significance

The first comprehensive study on the extractives and volatiles of ripe Leatherwood honey identified
57 out of atotal of 99 chemicals in methylated diethyl ether extracts and 28 volatiles that did not
require methylation (naturally volatile in GC analyses) (Rowland, Blackman et al. 1995). Based at the
University of Tasmania, Rowland et al. 1995 reported that the major terpene found in leatherwood
honey, 2,6-dimethyl-3,7octadiene-2,6-diol (component 21, table 5), originated in the nectar and this
thermally labile component can undergo dehydrated to form hotrienol (component 10, table 5) in the
hive or the honey during postharvest processing. These two constitute the principal aroma
component compounds of Leatherwood honey and contribute to the characteristic flavour and
aroma. Ina 2015 study, 2,6-dimethyl-3,7-octadiene-2,6-diol was found to be 11-fold higherin
Leatherwood (range 14-27) compared to Manuka (range 0.2-4) (Meloncelli 2015).

Volatiles as markers of Leatherwood honey

This report is preliminary with full data processing to be presented int the thesis of PhD candidate,
Katharina Schmidt, however, preliminary results presented in this report propose that a minimum of
four components are of sufficient dominance in the gas chromatographic to be of potential use as a
fingerprint of Leatherwood honey as shown in figure 22. It must be noted, that (S)-Dehydrovomifoliol
was not detected in the volatile headspace in this study and in similar SPME experiments (Meloncelli,
Windsor et al. 2015)

% 03.12.20 #23 [manually integrated, 1 peak(s) manually assigned] Cz40 TIC TIC
counts

1.4e9

1.3e9

1.2e9

1.1e9

1.0e9

9.0e8

8.0e84

7.0e8

5.0e8

3,7-Octadiene-2,6-diol, 2,6-dimethyl-
S)-Dehydrovomifoliol

5.0e8

4.0e8

3.0e3

1,5,7-Octatrien-3-ol, 3,7-dimethyl- (hotrienol)

1,4-Dimethylindanyl acetate

2.0e8

1.0e8

mm—

' .ﬂ.n.MLDM-mm,
e e _|l!.|"__,__;__L !,A.l.L.‘!‘_J_h!.!L'L.,E;.E‘h."_,,.!._u..l-ga.g___h‘_‘,,,‘.m_..,_ L_‘,.‘J!_I._!_LL.__,..A/R_._L___ ....... l _!_L,Ll,.- LV—J""L VL

0.0e0][”

-1.0e8

min

-2.0e8
30 50 10.0 15.0 200 25.0 300 35.0 400 45.0 500 55.0 50.0

Figure 21: Chromatogram showing 4 major peaks in Leatherwood Honey
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Table 7: Expected levels of four major components characteristic of Leatherwood Honey

Peak Name min max mean SD median
ppm ppm  ppm  ppm ppm
1,5,7-Octatrien-3-ol, 3,7-dimethyl- (hotrienol) 0.6 6.9 2.3 1.2 2.2
3,7-Octadiene-2,6-diol, 2,6-dimethyl- 1.8 262 120 4.1 114
1,4-Dimethylindanyl acetate 1.1 52 2.8 0.9 2.7
(S)-Dehydrovomifoliol 50 153 113 2.1 11.6

Fingerprintis a broad term. Different approaches are employed in developing fingerprints to
characterize systems with complicated compositions. In a 2006 review, these approaches are
grouped as “component-based approaches” and “all-information based approaches” according to
nature of the information used (Mok and Chau 2006). Pattern recognition techniques are used for
authentication of herbal medicines (Zeng, Chau et al. 2008). Other volatile components detected in
99% of the Leatherwood honeys but were shown to not to be in Manuka honey in this study are lilac
aldehyde, orivone (4-(1,1-dimethylproppyl)-cyclohexanone, mean of 0.64+0.34ppm) and
vetraldehyde (3,4-dimethoxybenzaldehyde at mean levels of 0.94+0.35ppm). Methyl syringate, a
strong superoxide scavenger which inhibits inflammatory cascades (Stephens, Schlothauer et al.
2010) was also present in all Leatherwood honey at concentrations ranging from 0.32ppm to as high
as 37.95ppm. 3-Phenyllactic acid, which has been shown to totally inhibit the growth of Aspergilius
fumigants and Penicillium roguefortiat >=7.5mg/mL (Strom, Sjogren J Fau - Broberg et al.), was also
detected in 83% of Leatherwood honey screened in this study but at levels well below that required
for minimum biocidal concentration at 0.124 mg/g.

Phenolic profile of Leatherwood Honey

The analyses for this section were conducted by PhD candidate Katharina Schmidt

The term ‘phenolic’ or ‘polyphenol’ is chemically defined as a substance that possesses an aromatic
ring bearing one or more hydroxyl substituents including functional derivatives such as esters and
glycosides. These compounds, which can be further divided into sub-groups such as phenolic acids
and flavonoids, are extensively found across the plant kingdom, and are closely linked to the sensory
and nutritional quality of fresh and processed plant foods (Lawag, Lim et al.). Ulmo honey (Eucryphia
cordifolid) is derived from a species closely related to Leatherwood was found to contain polyphenolic
gallic, caffeic, and coumaric acids, the flavonoids pinocembrin, chrysin, quercetin, luteolin and
apigenin, and abscisic acid.

In this study, a HPLC method using detection with Diode Array Detection (DAD) and with a mobile
phase of methanol and water was optimised using commercially sourced standards of phenolic acid.
The results for the analyses of 71 Leatherwood honey are listed in table 7 showing phenolic
compounds identified and phenolic compounds which were not detected or were present only in
trace amounts. The LOQ were lower than those established by D’Arcy, 2005, however, the extraction
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method used in this study required exhaustive extraction and pre-extraction procedures, which was
outside the scope of this study. The levels of 3-phenyllactic acid, methyl syringate, vanillic acid and 4-
HBA were more than those monitored by D’Arcy 2005 and, hence are more likely to contribute
antioxidant and antimicrobial activity that those that were at levels below the LOQ.

Table 8: Levels of phenolic acids and the polyphenol, quercetin detected in Leatherwood Honeys produced in
2021

100/ | Detecteqy | Detected/ [ Mean SD/ Min/ | Max/
(mg/kg) | nsamples | " samples | Conc/ (mg/kg) | (mg/kg) | (mg/kg)
>L0Q (mg/kg)
3-Phenyllactic acid 3.1 71 68 15.8 9. <LOQ 51.6
Methyl syringate 1.3 71 68 7.5 5.6 <LOQ 24.0
Vanillic acid 0.6 71 68 4.8 2.5 <LOQ 134
4-Hydroxy 13 71 6 21 0.5 <LOQ 28
benzoic acid
Ellagic acid 8.2 71 0 <LOQ - -
Quercetin 2.8 71 0 <LOQ - -
Prptocatechwc 30 71 0 <L0Q i i
acid
Caffeic acid 2.8 71 0 <LOQ - -

LOQ: Limit of quantification

Other peaks that were identified during method development using commercially sourced standards
but were either present at trace levels, or detected below the LOQ are presented in Table 9
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Table 9: Phenolics commonly found in honeys but only at trace levels, or not detected at all in Leatherwood
Honey

LOQ/ Detected/ Mean Conc./

(mg/kg) n samples (mg/kg)
Luteolin 2.76 71 traces
Chrysin 3.40 71 traces
Catechin 1.67 71 traces
Gallicacid 3.38 63 traces
Ferulic acid 3.69 62 traces
Kojic acid 1.26 0 n.d.
Chlorogenic acid 2.25 0 n.d.
Syringic acid 0.80 0 n.d.
Rutin 3.03 0 n.d.
t-Cinnamic acid 1.00 0 n.d.

LOQ: Limit of quantification; n.d.: not detected

In a USC study (Meloncelli, Windsor et al. 2015) 3-phenyllacetic acid was detected at levels of 52-92
meg/kg, leptosperin at levels of 91-188 mg/kg and methyl syringate (30-36 mg/kg) were detected in
Leatherwood.

Storage Trial

The research for this section was conducted by PhD candidate Katharina Schmidt

This trial aimed to investigate the influence of different storage conditions on the hydrogen peroxide
accumulation and to determine the factors, which are responsible for its stability.

Therefore, the hydrogen accumulation of 62 leatherwood honey samples from 2020 was determined
at the beginning of the trial and after subsampling, the honeys were stored at 4 °C, at room
temperature in the dark and at room temperature with high light exposure. After one year, hydrogen
peroxide accumulation was measured and compared. The levels of hydrogen peroxide activity for all
treatments are displayed in the box graph in Figure 22, with a summary provided in Table 10.

An ANOVA (Table ) showed that the hydrogen peroxide accumulation under the three different

storage conditions is significantly different (p < 0.001) and the post-hoc test (t-test with Bonferroni
adjustment) (table 10) revealed that all three groups differ significantly from one another.
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Figure 22: Box graph of hydrogen peroxide activity analysed soon after harvest and then stored for 12 months
at 4°C, room temperature and at room temperature exposed to light.

Differences between samples stored under different conditions of temperature and light for 12

months

Table 10: Mean levels of hydrogen peroxide activity (ug/g) in honeys under different storage conditions

SUMMARY
Groups Count Mean Variance
4*C 62 18.8 59.7
RT 62 12.8 36.8
Sun 62 6.4 41.5
Table 11. ANOVA of storage trails monitoring hydrogen peroxide (ug/g)
ANOVA
Source of
Variation S5 ar MS F P-value Ferit
23854
Between Groups 4770.90 2 5 5183 | 147E-18 3.05
Within Groups 8422.93 183 46.03
Total 13193.83 185

Table 12: Post-hoc test: t-test with Bonferroni adjustment analyses monitoring hydrogen peroxide levels stored
under different conditions for 12 months
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Post-hoc test: t-test with Bonferroni adjustment
Groups P-value (t-test) | Significant?
4*Cvs. RT 4.26084E-06 | Yes
4*Cvs.Sun 747499E-17 | Yes

RT vs. Sun 8.98818E-08 | Yes

Differences between samples stored under different conditions of temperature and light for 12
months as compared to levels of peroxide activity at time=0

A paired t-test was conducted to investigate if the hydrogen peroxide accumulation under the three
different storage conditions for one year differed from the levels at time zero (table 11). Hydrogen
peroxide activity was significantly lower compared to the initial value when the honeys were stored at
room temperature and the hydrogen peroxide accumulation was the lowest when the honeys were
exposed to light. However, hydrogen peroxide accumulation of honeys stored at 4 *C didn't differ
significantly from the initial value. This implies that to preserve the hydrogen peroxide accumulation
in bioactive Leatherwood honey, it is best to store it in an amber container in the fridge.

Table 13: Hydrogen peroxide activity (ug/g) under the three different storage conditions differed from the
initial conditions after one year

Paired t-test

Groups P-value Significant?
Before vs. 4*C 0.14 | No

Before vs. RT 6.1E-13 | Yes

Before vs. Sun 1.71E-24 | Yes

Atotal of 26 honeys that had been stored at 4 °C and 5 honeys which were stored at room
temperature in the dark increased in hydrogen peroxide activity compared to time zero. This needs to
be further investigated to see if this increase is due to the accuracy of the method or if there is indeed
a higher hydrogen peroxide activity over time in some honeys. Interestingly, the hydrogen peroxide
activity in some honeys decreased more slowly than others and 7 honeys, which were stored at room
temperature with high light exposure, still had a high hydrogen peroxide activity above 15 ug/g.
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Antibacterial trials

With the increasing awareness off the benefits of natural remedies, the price of bioactive honeys is
rising. Establishing the bioactivity of Leatherwood may provide opportunities to highlight the quality
of Tasmanian honey. This study set to establish the antibacterial properties of Leatherwood honey
and how that relates to the physiochemical properties.

The research for this section was conducted by PhD candidate Katharina Schmidt

The method used for the microbial trials were based on the broth microdilution method (Green K. et
al. 2020).

Briefly, microorganisms were cultured in blood agar for 18-24 h at 37 °C and colonies were suspend
colonies in 0.85 % saline and diluted to match the turbidity of 0.5 McFarland solution (1 McFarland
for £. Faecalis) as determined by absorbance. The suspensions were further diluted 1:5 with Mueller
Hinton broth. Honeys were filter-sterilized in dilutions of 40 % (w/v) honey in water. Aliquots (10 -
150 pL) of honey solution were pipetted into the wells of a 96 well microplate and 140 - O uL sterile
water was added as required to make a total volume of 300 uL. 50 pL of bacteria suspension was
added to each well and the plates were incubated at 37 °C for 20 + 2 h. Minimum Inhibitory
Concentrations (MIC) were determined visually.

73 leatherwood honeys were tested against E. coli ATCC 25922 and S. Aureus ATCC 29213. Table 5
shows MICs of some non-Leatherwood honeys and tetracycline against E. Coli and S. Aureus for
comparison.

Table 14: MICs of different honeys and tetracycline against E. coli ATCC 25922 and S. Aureus ATCC 29213.

MIC against £. Coli MIC against S. Aureus

Tetracycline 0.35mg/L >20mg/L
Banksia honey 14 % 14 %

Kunzea + Amygalifoliumhoney 14 % 10%

Kunzea + Xan honey 18 % 18%

Ulmo honey 18 % 26 %
Manuka honey 18 % 14 %
Hasting’s honey (multifloral) 18% 14 %
Artificial honey 30% >30%

A box graph showing the number of Leatherwood honeys that had bioactivity against the two
microbes is presented in Figure 23.
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Figure 23: Percentage MICs of Leatherwood honey against £. co/iand S. aureus

Table 13 compares the MICs of Leatherwood samples from 2021 to other monoflorals. In this test,
mean level of Leatherwood honey bioactivity was lower than Banksia, Manuka and Ulmo honeys.

Table 15: A comparison of the MICs of Leatherwood samples to other monoflorals

S. Aureus E. Coli
Honey sample MIC [%] MIC [%]
Banksia 14 14
Manuka 14 18
Ulmo 26 18
Artificial honey >30 30
Leatherwood honey (Mode) >30 22

As Leatherwood honey had high efficacy against £. co/icompared to 5. Aureus, statistical analyses
were undertaken to determine the relationship between bioactivity and physiochemical parameters.

Antibacterial activity against £. ColiATCC 25922

Figure 24 shows the effect of physiochemical parameters on the MICs of the 73 Leatherwood honey
analysed against £. coli.
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Figure 24: Effect of physiochemical parameters on the efficacy of Leatherwood honey as an antimicrobial agent
against E.coli

Honeys having the lowest antibacterial activity (MIC 26%) didn’t have a significantly different pH (t-
test, p=0.92) and water content but had a significantly lower hydrogen peroxide accumulation (t-
test, p = 0.026), lower electrical conductivity (t-test, p = 0.003), lower phenolic content (t-test, p =
0.002) and a lighter colour (t-test, p = 0.006) compared to the rest of the honeys (MIC 14-22%).
However, these parameters cannot explain the variation in the antibacterial activity of honeys with
MICs of 22 % and below. This implies that there must be other factors or chemical compounds which
further decrease the minimum inhibitory concentration and thus, increase the antibacterial activity of
Leatherwood honey.
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Figure 25: Effect of antioxidant levels (as measured by DPPH assay) on the efficacy of Leatherwood honey
against E. coli
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Antibacterial activity against S. aureus ATCC 29213

Figure 26 shows the effect of physiochemical parameters on the MICs of the 73 Leatherwood honey
analysed against S aureus.
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Figure 26: Effect of physiochemical parameters on the efficacy of Leatherwood honey as an antimicrobial agent
against S. aureus

In summary, Leatherwood honeys with high pH, phenolic content, EC, and low water content was
shown have higher efficacy against £. co/iand S. aureus.

Bioactivity of Leatherwood Honeys as measured by AAVs

The analyses for this section were undertaken by Kathryn Green and Dr Katherine Hammer

The phenol equivalence assay is the current industry-recognised method for quantifying the
antibacterial activity of honey and is based on the diffusion of honey through agar with the activity of
honey estimated by the size of the growth inhibition. It has also been referred to as the Unique
Manuka Factor (UMF) assay (Allen, C. et al. 1991, Green, Dods et al. 2020). The assay is based on one
bacterium, S. aureus, and is not necessarily a true measure of bioactivity as different species have
varying susceptibility to honey as shown in the previous section where Leatherwood honey was more
effective against £. co/ithan S. aureus. Limitations also exist around the penetration of the honey
components into the agar, which can be retarded by molecule size and polarity (Kwakman and Zaat).
A new method has been developed based on MIC of four organisms Staphylococcus aureus ATCC
29213, Enterococcus faecalis ATCC 29212, Escherichia coli ATCC 25922 and Pseudomonas
aeruginosa ATCC 27853, using a broth microdilution with an optical density used to identify the
endpoint and to quantify bacterial growth(Green, Dods et al. 2020). Decreases in bacterial growth in
the presence of honey, relative to the positive growth control, are then used to derive a single value to
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represent the overall antibacterial activity of each honey with units assigned is AAVs or Antibacterial
Activity Values.

The CRC HBP team based at UWA undertook to establish the AAVs of 25 Tasmanian Leatherwood
honey.

Method

Briefly, inoculum was prepared by culturing organisms then suspending colonies in 0.85% saline,
adjusted with reference to McFarland solutions to approximately 1 to 2 x 108 colony forming units
(CFU) per ml. After further dilution with Mueller Hinton broth to compensate for subsequent dilution
with 40% (w/v) honey in sterile distilled water that had been filter sterilised. Appropriate volumes of
each honey solution, ranging from 10 ul to 150 ul were dispensed into wells of a 96-well microtiter
plate (Nunc MicroWell NUN260860), and the volumes were adjusted to a total volume of 150 ul per
well. After the addition of 50 ul volumes of inoculum to each well, (final inocula:5 x 105 CFU/ml) and
final concentrations of honey ranging in 2% increments from 2% to 30% in total well volumes of 200
ul the micro plates were incubated for 20 h (+ 2 h) at 36°C (+ 1°C), after which MICs were determined
visually as the lowest concentration of honey completely inhibiting growth. For final calculations of
AAVs see Green et. al., 2020.

Results

Figure 27 groups the number of Leatherwood honeys ranging from 300 to 550 AAVs (all results
rounded to the nearest 50AAVs). Artificial and mixed honeys measured in the same trial both
recorded AAVs of 200. Moderate activity is set at above 300 to 500 whilst 550 to 600 (phenol
equivalence of 30.1 + 5.1) is regarded as high activity. AAVs of 250/300 are consider low activity.
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Figure 27: Numbers of Leatherwood honeys grouped in ascending order of bioactivity as measured in AAVs

Leatherwood honeys have been shown in this study to have a moderate activity with 78% recording
AAVs more than 300. Further statistical analyses need to be undertakento correlate the
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physiochemical, antioxidant, phenolic and hydrogen peroxide activity with the measure antimicrobial
activity. Time constraints has limited this undertaking and supplements to this report may be issued
later.

E-tongue and E-nose

Characterisation of Leatherwood honey by e-tongue

Leatherwood honeys from the northwest of Tasmania were compared to those in the South using an
‘electronic tongue’ and ‘electronic nose’ (SPME GC MS). The taste in humans is based on grouping of
taste buds that respond to different stimuli of sweetness, saltiness, sourness, and bitterness figure 29
a). Other taste perceptions include umami (mouth feel) and astringency. The complexity of the full
sensory experience combines the taste and smell of foods. The smell is due to volatiles, or airborne
particles emanating from the food we eat. The ‘e-tongue’ consists of small paddles with membranes
in-set, that react with solutions of food to create electrical currents. Six different sensors are
immersed into fluids to record 8 signals. These are for sweetness, saltiness, umami, astringency, and
bitterness. Readings for two of the sensors (bitterness and sourness are repeated after an interval of
time to provide measurement of bitterness aftertaste and astringency aftertaste. A second analysis is
conducted by SPME GC MS, which subsamples the headspace above honey to measure volatiles.

bitter

sour Stopper
Ag/AgCl electrode
KCl solution
salty
Lipid/polymer
membrane

Figure 28. Regions of the human tongue (a) that respond to different stimuli and 28 (b). ‘e-tongue’ equipment
with inset of sensory paddle

Honey analysed

Leatherwood South (n=6)
Leatherwood North (n=6)

Manuka (n=6)

Jarrah (n=3)

Mixed blossom (Woolworths) (n=6)

Method

Honey sample prep - E-tongue
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The research for this section was conducted by Dr Sam Sawyer and Dr Nha Huynh

All honey samples were prepared the same way except for the Jarrah honey samples which had to be
combined (samples 300 and 372, 364 and 368, and 370 and 402). RO water (85 g, 40°C) was added
to the sample of honey (15 g) and stirred for 10 min at 500 rpm. The mixture was cooled to room
temperature (20°C) in a water bath before reference solution (30 mM KCl and 0.3 mM (L)-tartaric
acidin RO water, 50 g) was added. The control sample for the E-tongue was prepared by combining
reference solution (50 g) with RO water (100 g).

A TS-50007 electronic tongue system (e-tongue) (Insent, Kanagawa, Japan) was equipped with six
membrane sensors to evaluate the honey initial taste qualities: umami (AAE), saltiness (CTO),
sourness (CAO), acidic bitterness (C00), astringency (AE1), and sweetness (GL1). For AAE, COO, and
AE1, the change in membrane potential due to adsorption also provide aftertaste qualities for
richness, bitterness, and astringency, respectively. Operation of the e-tongue was based on Zhang et
al. (2015). Briefly, measurement cycles measured difference in sensor response between the honey
sample solution and the reference solution. The aftertaste was measured after an initial sensor
cleaning procedure using the reference solution and reported as the difference in membrane
potential compared to the resolution solution. The sensor responses were converted to taste qualities
based on the Estimated Value Calculation model (Insent, Kanagawa, Japan).

Honey sample prep - GCMS

Volatile analysis was based on de la Fuente et al. (2005) with modifications. Briefly, volatile
compounds were analysed on a Shimadzu GCMS-QP2020 (Shimadzu Corp., Kyoto, Japan) equipped
with a Shimadzu AOC-6000 autosampler (Shimadzu Corp., Kyoto, Japan). The GC was fitted with an
SH-Rxi-624Si MS column (40.0 mx 0.25 mm x 1.40um) with helium (ultra-high purity) as the carrier
gas in constant flow mode (20 mL/min total flow). The oven was heated to 40 °C and held for 2 mins
before being increased to 190 °C at 4 °C/min and held for 5 mins. The temperature was increased
againto 220 °C at 10 °C/min and held for 5 mins. The total run time was 62 mins.

The honey samples (2.5 g) were added to sealed glass vials (20 mL) and the vials incubated were at 60
°C for 5 mins. The carbon wide range/polydimethylsiloxane fibre (120 um) (PAL SPME Arrow, CTC
Analytics AG, Zwingen, Switzerland) was exposed to the vial headspace at the same temperature for
20 mins before desorption in the injector (splitless mode) at 220 °C for 2 mins. The injector
temperature was set at 250 °C, the MS and source temperature was set at 220 °C, and the transfer
line was held at 250°C. The MS was operated in electron ionisation mode scanning in the range of m/z
35-500 with a solvent delay of 2 mins. Data was acquired and processed using GCMS Solution
version 4.50 (Shimadzu Corp, Kyoto, Japan) and compounds were matched to the NIST17, FFNSC 3
and Wiley? libraries for identifications. Mean peak areas were processed with the probabilistic
quotient normalisation (PQN) method.

Figure 29 is a biplot showing clustering by PCA and 95% density ellipses of the different honeys
based on the instrumental taste qualities. Component 1 accounts for 51.8% of the variability whilst
component 2 accounts for a further 20.9%. The PCA indicates that Leatherwood South can be
distinguished from the mixed blossom honeys and Jarrah and that this difference is primarily driven
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along PC1 due to umami, sweetness, bitterness, and sourness. This indicates that these measures
have the greatest influence on distinguishing honey taste as determined electronically.
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Figure 29: Bi-plot of e-tongue measurements of mixed blossom honey (blue), Jarrah (purple) Manuka (orange)
Leatherwood South (green) and Leatherwood North (yellow)

Figure 30 shows the mean distribution between honey types where the probabilities (p) that are less
than 0.05 are regarded as being significant and these are highlighted in bold in table 14. Each box
graph is placed in descending order of degree of influence on establishing differences as determined
by the highest 'F’ value presented in Table 14.
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Figure 30: Box graphs of taste parameters as measured by 'e-tongue'
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It can be seen that no one taste parameter, as determined by the e-tongue, can be used to distinguish
Leatherwood honey that is produced in the north of Tasmania, from that of the South. It is possible
that an experienced honey taster could recognise differences, as the nuances of human taste and
olfactory receptors are more discerning than electronic devices. Grouping of results from
Leatherwood south and Leatherwood north may reveal stronger measures of difference between
monofloral honeys and mixed honeys and these statistical analyses may be applied in future
publications.

Table 16: Contrasts between taste in monofloral and mixed honeys as measured by 'e-tongue

Astringency
Contrasts Umami (Aftertaste) Sweetness Sourness
Honey type coeffic.  p_val coeffic. p_val coeffic. p_val coeffic. lp_Va
LW-JAR 0.490 0.461 -0.012 0.726 -0.432 0.544 1.360 0409
LWS-JAR 1.295 0.060 0.003 0.920 0.288 0.685 -0458  0.780
MAN - JAR -1.125 0.099 -0.142 0.000 -2.423 0.002 5230 0.004
MIX - JAR -1.943 0.007 -0.047 0.170 2.333 0.003 5.637 0002
LWS-LW 0.805 0.145 0.015 0.582 0.720 0.221 -1.818  0.182
MAN - LW -1.615 0.006 -0.130 0.000 -1.992 0.002 3.870 0.008
MIX - LW -2.433 0.000 -0.035 0.206 -1.902 0.003 4277 0004
MAN - LWS -2.420 0.000 -0.145 0.000 -2.712 0.000 5.688  0.000
MIX - LWS -3.238 0.000 -0.050 0.076 -2.622 0.000 6.095  0.000
MIX - MAN -0.818 0.139 0.095 0.002 0.090 0.876 0407 0.761
Bitterness
Bitterness (Aftertaste) Saltiness Richness Astringency
coeffic
coeffic.  p_val coeffic. p_val coeffic. p_val coeffic. p_val . p_val
LW-JAR 0.623 0.125 0.132 0.129 -0.293 0.409 -0.168 0007 -0247  0.115
LWS - JAR 0.978 0.020 0.168 0.056 -0.378 0.290 -0.145 0018 -0.193  0.212
MAN - JAR 0.063 0.873 -0.012 0.890 0.550 0.129 -0.100 0093 -0.100 0513
MIX-JAR -0.718 0.080 -0.117 0.176 -0.060 0.865 -0.067 0254 -0353 0.028
LWS- LW 0.355 0.278 0.037 0.596 -0.085 0.768 0023 0621 0053 0.668
MAN - LW -0.560 0.093 -0.143 0.047 0.843 0.007 0068 0156 0147 0245
MIX - LW -1.342 0.000 -0.248 0.001 0.233 0421 0.102 0040 -0.107 0.3%4
MAN - LWS -0.915 0.009 -0.180 0.015 0.928 0.004 0045 0343 0093 0455
MIX - LWS -1.697 0.000 -0.285 0.000 0.318 0.276 0078 0106 -0.160  0.206
MIX-MAN -0.782 0.023 -0.105 0.138 -0.610 0.044 0033 0481 -0253 0051

The electronic tongue can, however, distinguish within different monofloral honeys and between
monofloral and mixed honeys, though not unequivocally. Leatherwood honey was shown to have a
significantly higher umami taste and is sweeter, compared to mixed floral honey and Manuka honey.
Leatherwood was determined to be slightly richer than Jarrah honey, as determined by the ‘e-tongue’.
This was the only parameter that was significantly different for these two honey types.
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Characterisation of Leatherwood honey by SPME GCMS

HONEYS ANALYSED

Leatherwood South (n=6)
Leatherwood North (n=6)

Manuka (n=6)

Jarrah (n=6)

Mixed blossom (Woolworths) (n=6)

The research for this section was conducted by Dr Sam Sawyer and Dr Nha Huynh

Based on untargeted headspace-SPME-GCMS, there are a few compounds that only appear in certain
honeys and may warrant further investigation. For example, 2,6,-dimethyl-1,7-octadien-3-ol and
vanillin methyl ether only appear in the leatherwood honeys and 2-methylbutanoic acid only
appeared in Jarrah. While some compounds appear in most honeys, the relative quantity varied such
as hotrienol and the lilac aldehydes compared to isophorone (table 15). This relationship is also
reflected in figure 31 which is a series of biplots showing three PCs that together explain 56.5% of the
variability of the honeys analysed.

Hotrienol and the lilac aldehyde isomers appears to be clustering with the leatherwood honeys,
whereas isophorone appears to be more associated with the other three honeys. When measures of
taste from the e-tongue are overlaid as supplementary variables in the PCA (Figure 31), the
associations of taste qualities with honeys still holds (PC1 vs PC2).
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Table 17: List of volatile components detected SPME GC MS (e-nose) for monofloral and mixed honey. Green -
only in one type of honey, Yellow - mostly in one type of honey but has been seen in mixed floral honey, Orange
- mostly in one type of honey but has been seen in other honeys (not mixed floral). Intensity of colour is an
indication of concentration of each component.

Manuka | Leatherwood | Leatherwood | Mixed Jarrah
(North) (South) floral

Methyl vinyl ketone
2,3-butanedione
4-Methyl-1,3-pentadiene
3-pentanone

Acetoin

3-Penten-2-one,4-methyl
3-Hydroxy-3-methyl-2-butanone
2,3-Butanediol, [R-{R*,R*}]-
Butanoic acid, 2-methyl-
Benzaldehyde

3,7-Octadien-2-ol, 2-methyl-6-
methylene-, (E)-

Linalool oxide <cis->
Acetophenone

trans-Linalool oxide (furanoid)
1,5,7-Octatrien-3-ol, 3,7-dimethyl-
1,3,8-p-Menthatriene
2-(5-Methyl-5-vinyltetrahydro-2-
furanyl)propanal iLilac aldehyde B)
2-{5-Methyl-5-vinyltetrahydro-2-
furanyl)propanal isomer (Lilac
aldehyde B isomer)
3,7-Octadiene-2,6-diol, 2,6-
dimethyl- (combined)
Benzofuran-2-carboxaldehyde
1,7-Octadien-3-ol, 2,6-dimethyl-
Vanillin methyl ether
10-Oxodecanoic acid, methyl ester
Benzoic acid, 3,5-dimethoxy-,
methyl ester
Pyrazole-4-carboxaldehyde, 1-
ethyl-5-methyl-
1,4-Dimethylindanyl acetate
1-Methyl-1,3-cyclohexadiene-5,6-
diol diacetate
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Figure 31:
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Component 1 (31.6%)

Component 2 [13.9%

Biplots showing three PCs that together explain 56.5% of the variability of the honeys analysed*



Establishing physiochemical parameters of Leatherwood Honey using
NIR and FTIR

This section is from experiments conducted by Katharina Schmidt and Dr Thomas Rodman (Central
Science Laboratory, CSL)

As detailed in the body of this work, the application of specific analytical methods to establish
physiochemical properties of honeys is laborious and expensive. Near-infrared spectroscopy (NIRS) is
a spectroscopic method that uses the near-infrared region of the electromagnetic spectrum (from
780 nm to 2500 nm) whist FTIR scans mid-infrared wavelengths of light (2500 to 20000 nm) to
compare the spectra of biological material using statistical analysis such as PCA and partial least
square regression. Sample preparation can be one of the most time-consuming aspects of analyses
and NIR and FTIR have the advantage of being able use non-destructive sampling technigues. Both
have been increasingly used in bio-applications (Be¢ 2020).

NIRS has been used to assess water content (g kg™), pH, electrical conductivity (mS/cm), colour (mm
Pfund) and HMF (mg kg™) in fresh honey samples (Cozzolino and Corbella 2003). A portable near-
Infrared spectrometer has been used to predict physicochemical properties of honey and was found
to be applicable for moisture, HMF, colour and flavonoids (R?> 0.75), and acceptable for EC, pH, and
phenols (R?> 0.61) (Escuredo 2021).

FTIR has also been used to predict water content, free acid, and electrical conductivity in honeys
(Kedzierska-Matysek, Matwijczuk et al. 2018) and to discriminate raw honey from thermally altered
ones (Antonova 2021)

The objective of this study was to use NIR and FTIR to develop prediction models to establish
physiochemical parameters including moisture, pH, and EC of Leatherwood honey as well as to
predict antioxidant capacity and hydrogen peroxide activity.

Method

For this study, a total of 133 leatherwood honeys from 2020 (n=62) and 2021 (n=71) were analysed.
The floral origin of the samples was assigned by the apiarist based on flowering season and
organoleptic properties. With provided beehive coordinates, biogeographical origin was assigned to
44 honey samples from 2020 (Central Highlands(n=6), Southern Ranges (n=7), Northern Slopes
(n=5) and West (n=26)) and to 49 honey samples from 2021 (King Island (n=1), Southern Ranges
(n=6), Northern Slopes (n=7) and West (n=35)). IR spectra were recorded when the honeys samples
were approximately 7 months old. The honey parameters were measured in the same month of each
year to reduce the variability in the data set due to honey age.

Near Infra-red (NIR)

NIR absorption spectra were recorded on a Bruker MPA by placing a drop of honey on the tip of the
glass fibre optic probe. By pressing a reflecting metal plate on the honey drop with a spacer of 203
mm thickness the path length was adjusted to 0.406 mm. The NIR spectra were recorded from 12500
cm ™t to 4000 cm* using 128 scans with a resolution of 8 cm™. The background was recorded every
hour using a scan time of 128 scans.
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Fourier-transform infrared (FTIR) spectroscopy

FTIR spectrawere recorded on a Bruker Vortex 70 with a Bruker Platinum ATR with diamond crystal
and a Wide Range MIR-FIR splitter by placing a drop of honey on the crystal. The FTIR spectra were
recorded from 3800 cm™ to 130 cm™ using 32 scans with a resolution of 4 cm™. The background was
recorded prior to sample measurement with a scan time of 32 scans.

Statistical analysis

Multivariate data analysis including linear discriminant analysis (LDA) and partial least squares (PLS)
regression was used to correlate the IR spectra with honey measurands. Different spectrum pre-
processing and wavelength ranges were investigated using the Quant2 method featured by the Opus
software (version 8.1) with 13 smoothing points for NIR and 5 smoothing points for FTIR. The
spectrum pre-processing and wavelength rages of the best models were transferred to the software
The Unscrambler (version X 10.5.1 (64-bit)) for further optimisation by investigating different
smoothing points and normalisation methods.

The work to interpret the data collected in 2022 is continuing. The methods of analyses and the list of
honeys analysed will be presented in future publications. A preliminary insight to the outcomes to
date are shown in table xx which report the R? values from partial least squares regression.

Table 18:. R? values for partial least squares regression to correlate the IR spectra with honey measurands

R square

NIR FTIR
Water content 0.93 0.84
pH 0.35 0.88
EC 0.44 0.88
DPPH 0.31 0.52
FRAP 0.21 041
TP 0.51 0.54
H202 0.20 0.57
Colour 0.50 0.44
2,6-Dimethyl-3,7-octadiene-2,6-diol 045 0.64

The preliminary results demonstrate the potential for NIR and FTIR to be a rapid and non-destructive
tool for the authentication of Leatherwood honeys.
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High Performance Thin Layer Chromatography (HPTLC)
Fingerprinting of Leatherwood Honey

This section is from experiments conducted by Khairul Islam with Project leader, Dr Cornelia Locher
at UWA.

As described earlier, the profile of volatiles and water-soluble components of extracts of honey can be
used to authenticate honey using gas and liquid chromatography, respectively (Islam MK 2021).
Variations in composition can also be captured using HPTLC profiling to create a fingerprint for
monofloral honeys. HPTLC uses a separation technique based on the solubility and mobility of
dissolved honey components as they diffuse through a linear matrix of specialised silica. As the
solvent ‘wicks’ up the matrix, components separate, with the larger, or less soluble components
interacting with the matrix and thus moving more slowly than smaller, or more soluble components.
Each component moves at reproducible distances behind the solvent front (figure 32).

| Thin-igper chromadography
Step 1 Step 2 Step 3
"Plate”
Hanbar H\‘
. \\ -
[ »
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Figure 32: Stylised representation of thin-layered chromatography (reproduced from
https://instrumentationtools.com/thin-layer-chromatography-manual-method/)

HPTLC uses this basic principle but with the reproducibility enhanced by automated application of
the honey solutions into small accurate bands at the base of the chromatographic plate and with
elution’s conducted in a controlled environment of temperature and constant vapour pressure, as the
solvents move through the silica matrix and evaporate during the separation process.

Often the characteristic bands created by HPTLC can be seen both visually under normal light and by
exposing the plates to UV light at wavelengths of 254 and 366 nm. Further visualisations can be
realised by spraying the resolved chromatograms with derivatising agents and looking at the plates
under white light or, again, under light at wavelengths of 366nm.

In this study, 1g of each of 58 Leatherwood honey samples and 23 Tasmanian Manuka honeys were
dissolved in 2 ml of deionised water. The agueous honey solution was extracted three times with 5 ml
of dichloromethane. After drying with anhydrous MgSQO. the combined organic extracts were
evaporated at ambient temperature and stored at 4°C until analysis. The extracts were then
reconstituted in 100uL of dichloromethane and 5uL of each were applied to the HPTLC plates (silica gel
60 F2s54 HPTLC glass plates, 20 x 10cm) and analysed by HPTLC (CAMAG, Muttenz, Switzerland)
based on the methods developed and optimised at the University of Western Australia (UWA)
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(Locher, Neumann et al. 2017, Locher, Tang et al. 2018, Islam MK 2021). The plates were developed
at ambient temperature to a final solvent migration distance of 70 mm using toluene: ethyl acetate:
formic acid (6:5:1, v/v/v) as the mobile phase. After drying, the plates were analysed at 254 nm and
366 nm (TLC Visualiser 2). The plates were then derivatised using vanillin spraying reagent and
heated for 3 min at 115°C (CAMAG TLC Plate Heater IlI, Muttenz, Switzerland). Finally, the cooled
plates were analysed at white light and 366 nm.

4 @ ® © @4 ® W N B =W M M M T 4 M K N B ™M 4 #H K m W AN W W W M MW W W W m moOE D B om W

N
Leatherwood Manu ka

Leatherwood

b g TN

Figure 33: shows the images captured for the HPTLC using the relevant derivatisation methods and
visualisation techniques.

Adistinctive pattern of bands repeated for each of 19 Leatherwood honeys is evident. (Leatherwood
left, defined by the green marker and Tasmanian Manuka honey right, defined by the orange marker).
The pattern of Manuka honeys is less clear. The poorly defined banding is likely to reflect that there
are many Tasmanian plants that grow and flower alongside Manuka. In contrast, the Leatherwood
trees are limited to the wet, humid ecosystem associated with the rainforests and native forests on
the Western side of Tasmania. The high nectar flow is also favoured by bees such and there is less
need to forage beyond the sites where L. eucryphia are flowering.

From the results presented in figure xx, the scientists from the CRCHBP at UWA established the
characteristic HPTLC patterns associated with the Tasmanian honey (Figure 34)
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Figure 34: Leatherwood honey signature Images taken at (a) 254 nm; (b) 366 nm; (c) White light after
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407 074+ 107
tos 06+ 106
405 0.5+ 10.5
los 044 104
403 03+ 103
f0.2 02+ 102
401 0.1+ 10.1
d

derivatisation and (d) 366 nm after derivatisation with vanillin reagent

The Leatherwood Honey floral signature can be recognised by the following banding described in

Table 19.

Table 19:. The HPTLC floral signature of Leatherwood honey extract
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Image Bands position Remarks
R254 nm Rf0.29
Rf0.31
Rf 0.53
Rf0.58
R366 nm
Rf 0.1 {yellow) Suitable for authentication when combined
with other light conditions
Rf0.32 {bright Suitable for authentication when combined
blue) with other light conditions
White light
derivatised

Rf 0.26 {purple)

Suitable for authentication

Rf 0.31 {brown)

Suitable for authentication

Rf 0.41 {dark blue)

Suitable for authentication

Rf 0.47 {purple)

R366 derivatised

Rf 0.27 {beige)

Suitable for authentication

Rf 0.31 {light blue)

Suitable for authentication

Rf 0.41 {purple)

Suitable for authentication

Rf 0.45 {blue)

Rf 0.48 {pink)




The Leatherwood signature established is distinctive and can distinguish the Tasmanian monofloral
from that established for the West Australian honeys such as Coastal Peppermint, Jarrah, Red Bell,
and Marri (figure 35).
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Figure 35Authenticating, labelling, and tracing of Leatherwood Honey

There has been much controversy about the purity and origin of honey in Australia and in the
international market (Zhou, Taylor et al. 2018). The provenance, story and floral source has now
become central to fetching premium prices for honey and consumers are looking for surety on the
quality of their purchase. Discerning buyers, and the distributors that supply the market, understand
that the traceability and the ‘story’ matter and people take the time to scan labels and follow up if
producers facilitate easy access to proof and validation of the provenance. Indeed, some consumers
are likely to be loyal to a brand for which the quality and authenticity has been established.

The CRCHBP has designed new labels that have an integrated graphic of the HPTLC relevant to
Australian monofloral honeys and a ‘Q-code’, which allows consumers to access a website/app that
details the floral details, provenance, and batch number of honeys. Honey producers will have the
capacity to upload the physical parameters such as pH, EC and even bioactivity of the honey batch
associated with the specific Q-code. Examples of sample jars are displayed in Figure 36, whilst a
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typical Q-code is presented in figure 36. Figures 38 to 41 are taken from the website established by
the CRCHBP in prelude to instigating a potential marketing campaign for Leatherwood honey.

Figure 36: Demonstration packaging to show the nectar signature and batch number on the jar. The QR code links to a web
site to show the information about each honey.
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For the first time, scientists from the University of Western Australia, funded by the L 08 08 08 08 08 08 08
Cooperative Research Centre for Honey Bee Products (CRC-HBP) has developed an 07 07 o7 07 o7 o7 07 07
analytical method to confirm a honey’s nectar source - called High Performance Thin
Layer Chromaiography (HPTLC) 06 0.6 06 06 06 06 06 06
L. . 05 0.5 05 05 05 05 05 05
When bees visit the flowers of a plant, they use the nectar to create honey. By capturing
the non-sugar fraction of a honey, HPTLC provides a characteristic ‘signature’ that allow 04 04 04 04 04 04 04 04
us to confirm the nectar source of the honey, telling us which species of plant the honey - Rt . oarallos "
comes from.
0.2 0.2 02 02 02 0.2 02 02
This batch shows the floral nectar sig for Jarrah (| lyptus marginata).
0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
You can recognise it by the following features:
¢ 254 nm - one black band at RF 0.4 is dominant a b © d
« 366 nm - two distinct bands at Rf 0.32 (bright blue) and at Rf 0.1 (yellow). Figure 1: Jarrah hone

« White light derivatised — two characteristic bands at Rf 0.4 (red) and Rf 0.23 (dark after der
brown) with a minor orange band underneath

« 366 nm after derivatisation - four distinct bands at Rf 0.3 (blue-green), Rf 0.35
(beige); Rf 0.38 (light brown), Rf 0.45 (light blue) .

Figure 37. Excerpts of images and text from the website and phone app developed by the CRC HBP - section 1:
the HPTLC explanation of the nectar analysis

Native Flora

We source our honey from species that are endemic to Australia — this means that
they are found nowhere else in the entire world, they’re special and unique to the
landscape they're on.

Trees range from 2—10 m (6.6-32.8 ft) in height but can grow to 25 m (82
ft). Leatherwood trees produce large, beautiful white flowers for about 6-8 weeks
every summer.

Leatherwood Honey has an ochre-yellow colour. The flavour is clean and fresh, with
notes of balsamic and a lightly spicy finish.

Figure 38: Excerpts of images and text from the website and phone app developed by the CRC HBP - section?2:
the description of the flora

Provenance py—

Leatherwood Distribution

The beekeepers in Australia use a quality assurance program, BQUAL, that enables
us to identify the geographic location where each batch was collected.

This map shows the distribution of the Leatherwood tree along the West coast of
Tasmania and the red marker identifies approximately where the hives were located
when the honey for this batch was sourced.

Figure 39: Excerpts of images and text relating to provenance from the website and phone app developed by
the CRC HBP. This information in linked to the Batch number which can be traced using B-QUAL or B-Trace
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Highest Quality
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assured that you're receiving pure, unadulterated honey.

Every batch of honey is chemically tested to ensure it meets the highest standards
before it reaches the customer.
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Figure 40: Excerpts of images and text relating to ranges of physiochemical measurands from the website and
phone app developed by the CRC HBP. This is an example of key physiochemical or bioactivity data could be
shown on the label

Implications

Leatherwood honey has a unique flavour reminiscent of the pristine forests in which they flourish.
The physiochemical properties have been fully established in this study and can be used to define the
range for each measurand that all honeys identified as Leatherwood should fall within. The low pH,
sugar profile and low moisture levels of the Tasmanian honey confer antimicrobial properties
common to most monofloral honeys and this is enhanced by phenolics, flavonoids and hydrogen
peroxide activity to create a moderately bioactive product. Industry should highlight that the mode of
bioactivity is different to that of Manuka, whose bioactive component, methylglyoxal, is considered to
neutralise the enzymes responsible for hydrogen peroxide activity.

Leatherwood honey performed well in almost every test designed to confirm monofloral honeys. The
consistency of outcomes in tests for authenticity ensures that the methods reported here, and
technologies progressed in the CRC HBP validate the uniqueness of the honey and there are now
several inexpensive techniques to identify counterfeit honeys. The development of a HPTLC band
patternthat is characteristic of Leatherwood honey provides a visual cue that can be used to assure
consumers of the quality and provenance of the product. With effective marketing, the attractive
stylised strip designed with reference to the HPTLC banding, could become a recognisable symbol
associated with premium Tasmanian honey. The inclusion of Q-codes as a method of traceability
aligns in a website and phone app being developed by the CRC HBP and B-Qual Australia to provide
reassurance of provenance and value to consumers and distributors in the market chain.

The potential of using NIR and FTIR for the analysis of Leatherwood honey has been investigated in
this study. Although considerable statistical processing of data is yet to be completed and validation
trails will be needed should the techniques be successfully applied, the use of infrared spectrometry
may allow for the measuring of physiochemical properties using a very small honey sample size and
with little to no sample preparation. With most existing methodologies, sample extraction and
preparation are the most time-consuming and expensive part of chemical analysis. It should be noted
that if the technology was successfully developed, the likelihood of it being accepted as a standardised
analytical method is limited as NIR and FTIR has been shown to only be useful for products whose
overall profile is uniform. The consistency and purity of Leatherwood honey makes this a good
candidate but monoflorals that have a much higher variability, such as Manuka and mixed florals, are
less likely to be amenable to analysis by NIR and FTIR.
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Recommendations

81

#+ The consistency and uniqueness of Leatherwood honey has been confirmed and quantified in
this study. The unique, characteristic taste and moderate bioactivity of the honey is
associated with the limited range of the temperate rainforest ecosystem in which the
Leatherwood tree thrives, and this may be leveraged by the industry.

#+ Research tofurther validate analytical methods should continue to enable acceptance of the
new technologies in the honey distribution chain.

# Thetraceability and marketing campaign initiated by the CRCHBP should be supported into
the future.
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