





The 6 project parts

1. Audit of NSW government-owned lands for suitability as bee sites
(DPI, NSW )
2. Establishing pollinator-friendly plants in rural NSW (Wheen Bee)

3. Upskilling beekeepers — subsidized courses in biosecurity and
queen breeding (Tocal College)

4. Safeguarding Honey: Profiling the unique chemical composition of
NSW honey (Liz Barbour, CRCHBP)

5. New honey markets: Honey as a health food to fight gut infections
(Nural Cokcetin, UTS)

6. Enhancing forest and bee health for high-value medicinal honey:
Healthy forests — healthy bees — active honey (Dee Carter, USYD)
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e 6 project parts

Audit of NSW government-owned lands for suitability as bee sites (Stephen
Targett/Nick Geoghegan )

Establishing pollinator-friendly plants in rural NSW (Wheen Bee — Fiona
Chambers)

Upskilling beekeepers — subsidized courses in biosecurity and queen breeding
(Stephen Targett/Nick Geoghegan )

Safeguarding Honey: Profiling the unique chemical composition of NSW honey
(Liz Barbour)

New honey markets: Honey as a health food to fight gut infections (Nural
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The Carter lab and honey

responses

Efflux systems
Protein

synthesis

Dr Nural Cokcetin

Transcription

Sugar
metabolism

505 responses

Resistance

e b Y Y
v A g a4

Blair et al. 2009 Eur J 0 3 5 B BN B30
Clin Microbiol Infect Dis Time (days)
28(10):1199 ~-Honey -s-Antibiotic




Survey of Australian honeys
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Dr Julie Irish

Tested 470+ honeys
from different plants
and locations around
Australia



@ Inactive

A\ Hydrogen peroxide activity

<> Non-peroxide activity -

Irish J, Blair SE, Carter DA (2011)
The Antibacterial Activity of Honey Derived from Australian Flora

PLoS ONE 6(3): 18229




Julie’s table of
the most active
Australian honeys

No. (%) with

Floral source: Common name (Scientific name) MNo. samples  detectable activity: Total activity'
Range Median

Marri (Corymbia calophyila) 8 7 (88) <5-29.7 25.7
larrah (Eucalyptus marginata) 19 18 (95) <5-314 15.1
Jelly bush and heath flora (Leptospermum polygalifolium and unknown species) 3 3 (100) 17.3-19.9 19.8
Spotted gum (Corymbia maculata) 4 4 (100) 14.7-25.1 189
Tea tree and paperbark (Leptospermum semiboccatum and Melaleuca nodosa) 4 4 (100) 18.1-19.6 18.8
lelly bush (L. polygalifolium) 29 28 (97) <5-26.2 179
Jelly bush, tea tree (Leptospermum sp.) 14 12 (86) <5-258 17.8
Mixed flora, Sydney metropolitan region 32 25 (78) <5-298 159
Lemon-scented tea tree (Leptospermum liversidgel) 5 (100) 14,0-24.5 15.7
Red stringybark (Eucalyptus macrorhyncha) 9 5 (56) <5-26.1 153
Crow's ash and jelly bush (Guioa semiglauca and L. polygaiifolium) 2 (67) <5-194 15.2
Banksia (Barksia sp.) 25 22 (88) <5-24.1 150
Jelly bush mix (L polygalifolfum and Leptospermum speciosum 3 3 (100) 14.2-14.7 146
Clover (Trifolium repens) 3 2 (67) <5-163 143
Manuka (Leptospermum scoparium) 1 9 (82) <5-16.3 13.1
Paperbark, tea tree (Melaleuca sp.) 22 18 (82) <5-196 128
Mugga ironbark (Eucalyptus sideroxyion) 3 3 (100) 9.7-123 1.7
Mixed wildflowers, Tasmania 5 4 (80) <5-16.1 116
Feather bush (Micromyrtus ciliata) 3 2 (67) <5-13.6 s
Other mixed or unknown flora 35 19 (54) <5-246 929
Messmate stringybark (Eucalyptus obligua) 5 3 (80) <5=15.2 98
Snow gum (Eucalyptus paucifiora) 3 2 (67) <5-10.5 87
Tea tree and paperbark (Leptospermum laevigatum and Melaleuca nodosa) 4 2 (50) <5-16.3 7.7
Tea tree, paperbark (Melaleuca guinguenervia) 3 2 (67) <5-219 74
Paterson's curse, Salvation Jane (Echium plantagineum) 4 2 (50) <5-15.6 63
Leatherwood (Eucryphia lucida) n 4 (38) <5-175 <5
Wandoo (Eucalyptus wandoo) 7 2 (29) <5-18.7 =5
Lemon-scented tea tree and pink bloodwood (Leptospermum liversidgei and 17 318 <5-14.6 <5
Corymbia intermedia)
Eucalyptus (Eucalyprus sp.) 15 5(33) <5-249 =5
Parrot bush (Dryandra sessilis) 3 1 (33) <5-21.0 <5
Coastal tea tree (Leptospermum laevigatum) 4 1 (25) 5-214 5
Mixed rainforest flora, Queensland 3 1(33) =5-16.2 <5
Blue gum (Eucalyptus globulus) 3 1(33) <5=-153 5
Yellow box (Eucalyptus melliodora) 4 1 (25) <5127 <5
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Honey and fungi

Medical Mycology May 2006, 44, 289-291 Taylor & Francis

Taylor & Francis Group

Short Communication

Honey has an antifungal effect against Candida species

JULIE IRISH*, DEE A. CARTER*, TAHEREH SHOKOHIT & SHONA E. BLAIR*

*School of Molecular and Microbial Biosciences, University of Sydney. New South Wales, Australia, and TDepartment of
Medical Mycology and Parasitology, Mazandaran University of Medical Sciences, Sari, lran

The incidence of Candida infections is escalating worldwide. The serious nature of
these infections is compounded by increasing levels of drug resistance. We report
that certain honeys have significant antifungal activity against clinical isolates of
Candida species. Importantly, the minimum inhibitory concentration of these
honeys would be achievable in a clinical setting.

Keywords honey, Candida, antifungal effect

Table 1 Susceptibility of Candida species to different honey types
Candida species (n)
C. albicans C. glabrata C. dubliniensis
(18) (10) (10)
| Jammah  I8.5427% 209428 154428% |

“TMedifioney™ T T T T TR IR T T 3N A T T TG Ers T T
Antibacterial
Honey Barrier

Comvita® Wound 399417  42.6+28** 334+25
Care 18+
Artificial honey 42.6+1.8 447427 343424

“Values show mean minimum inhibitory concentration (% (w/v)
honey) +standard deviation.

*P <0.002; **P<0.00001. P values assessed in comparison to
artificial honey.




Non-manuka “peroxide”honey and glucose oxidase
(GOX)

GOX

Glucose + H,0 =2 Gluconic aci

Antimicrobial




Non-Manuka Honey
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A cost-effective colourimetric assay for quantifying hydrogen
peroxide in honey

D. M. Lehmann'*, K. Krishnakumar? M. A. Batres® A. Hakola-Parry?, N. Cokcetin®, E. Harry* and D. A. Carter?®
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Graphical abstract
H,0, is produced in diluted honey by a biochemical reaction and can be easily quantified using the optimized colourimetric

Krish Krishnakumar

assay described here.




Non-Manuka
oney

ANTIFUNGAL ACTIVITY OF JARRAH
HONEY AGAINST TRICHOPHYTON
RUBRUM
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Factors affecting the production and measurement of hydrogen

peroxide in honey samples

Annabel Guttentag’, Krishothman Krishnakumar', Nural Cokcetin?, Elizabeth Harry? and Dee Carter'*

H,0 + Glucose — GIUCF’"'C + H,0,
acid
Antibacterial activity

More bioactive

than predicted @
'g," - H,0, activity e ’;tgry::;s ~ 30%
2 SN loss in activity
Q
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imited usefulness an quanti
- .

HRP chemical assay

Graphical abstract

as a chemical screen

changes in a sample
for bioactive honeys

over time




Jarrah honey and fungi (dermatophytes = ringworm,
tinea)

ANTIFUNGAL ACTIVITY OF JARRAH
HONEV AGAINST TRICHOPHYTON '
RUBRUM Sov

Artificial honey + H,0O,

L TR

n pathogens

Article

Inhibition of Dermatophyte Fungi by Australian Jarrah Honey

Annabel Guttentag?, Krishothman Krishnakumar 1, Nural Cokcetin 2, Steven Hainsworth 3, Elizabeth Harry 2
and Dee Carter *

Jarrah honey

Table 2. Effect of catalase treatment on the antifungal properties of jarrah and stringybark honey.

MICi00[% (w0/v)]
Jarrah (Barnes 10+)  Jarrah 10/13  Stringybark 19
Catalase Treatment - + - + - -
Nannizzia gypsea 3.1 25 156 25 3.1 25
Trichophyton interdigitale 3.1 >25 156 =225 42+10 >25

Trichophyton rubrum 1.56 25 1.56 25 1.56 25




Summary: things we have found out about
non-manuka (H,0,) honey

* Much more antifungal than manuka honey
* Jarrah and marri honey have really high activity

e Antibacterial/antifungal activity abolished by catalase
* Critically dependent on H,0,

* Antibacterial/antifungal activity does not always correlate with H,0,
production

 Activity enhanced/reduced by other factors present in honey
* Phenolics? Peptides? Maillard reaction products?

 Dermatophytes are particularly susceptible to jarrah honey



Non-manuka honey (H,0,) honey

Questions:

1. Why does H,0, vary by plant source? Why is jarrah so
high? How do NSW honeys compare?

2. Why is H,0, # antimicrobial activity?

3. What causes dermatophytes to be so susceptible and is

antifungal activity a potential market?



What do we
know about

antimicrobial
NSW honey?

@ Inactive
A\ Hydrogen peroxide activity
<> Non-peroxide activity

Irish J, Blair SE, Carter DA (2011)

The Antibacterial Activity of Honey Derived from Australian Flora
PLoS ONE 6(3): 18229




Interesting NSW samples with peroxide activity

Banksia Honey

Tea Tree Honey

Common | Scientific Total activity Mon-paroxide Common Total activity | Mon-peroxide
Code name name Region (TA) activity (NPA) Code name Scientific name Region (TA) activity (MPA)
B11 |Banksia Banksia sp. ||lawarra 171 (1] T Taa traa Melalauca =p. Ilawarra 10.8 0
B12 [Banksia Banksia sp. ||lawarra 18.5 0 T2 Tea traa Melaleuca sp. [lawarra 13.2 o
B13 [Banksia Banksia sp. |llawarra 171 [1] T13 Taa lraa Melaleuca sp. [lawarra 1] 1]
B14 |Banksia Banksia sp. ||lawarra 13 (1] T14 Taa traa Melalauca =p. Ilawarra 10.9 0
B15 [Banksia Banksia sp. ||lawarra 16.5 0 T145 Tea traa Melaleuca sp. [lawarra 13.2 o
B16 |Banksia Banksia sp. |llawarra 15.2 (1] T16 Taa traa Melalaucs 0. [lawarra 12.2 0
B17 |Banksia Banksia sp. ||lawarra [1] (1] 17 Taa traa Melalauca =p. Ilawarra 13.7 0
B1E [Banksia Banksia sp. ||lawarra 17.5 0 T18 Tea traa Melaleuca sp. [lawarra 12.9 o
BE18 |Banksia Banksia sp. |llawama 17.7 (1] T14 Taa traa Melalaucs 0. [lawarra 0 0
B20 |Banksia Banksia sp. ||lawarra 16.7 (1] T20 Taa traa Melalauca =p. Ilawarra 12.2 0
B21 [Banksia Banksia sp. ||lawarra 14.2 0 T21 Tea traa Melaleuca sp. [lawarra 12.6 o
B22 |Banksia Banksia sp. |llawarra 15 (1] T22 Taa traa Melalaucs 0. [lawarra 13 0
B23 |Banksia Banksia sp. |lawara 15.3 0 T23 Tea tree Melaleuca sp. [lawarra 11.6 0
B24 |Banksia Banksia sp. | Ilawarra 15.1 [1] T24 Taa traa Melalouca 5p. [lawarra 10.9 1]
B25 |Banksia Banksia sp. |llawama 15.2 (1] T25 Taa traa Melalaucs 0. [lawarra 0 0
B2 |Banksia Banksia sp. |lllawama 15 (1] T28 Taa traa Melalauca =p. Ilawarra L] 0
B27 |Banksia Banksia sp. | Ilawarra 11.4 [1] T27 Taa traa Melalouca 5p. [lawarra 13 1]
BZBE |Banksia Banksia sp. |llawarra 15 (1] T28 Taa traa Melalaucs 0. [lawarra 14.3 0
BZ29 |Banksia Banksia sp. ||lawarra 13 (1] TS Taa lraa M. guingueananaa |Nodham Hivars T.4 0
B30 [Banksia Banksia gp. | Ilawarra 12.1 0
B31 |Banksia Banksia sp. ||lawarma 13.2 0 Average: 12.1
Ba2 |Banksia Banksia =p. |llawama 13 a

Average: 15.3
Range: 11.4-19.2

Range: 7.4-14.3
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Total activity | Mon-peraxide
Coda Coamman name Scientific name Region (TA) activity (MPA)
1 Mid Marth
1 B4 Gray ironbark Eucalyplus paniculala Coast 15.2 0
I ||BG Gray iranbark Eucalyplus paniculala South Coast 15.6 0
| Gray ironbark and Eucalyplus siderophioia, E. |MNarham
Iig10 broadleal inonbark fibro£a Tablalands 19 0
: Eucalyplus paniculalta,
1 Gray ironbark, Syncamia glomulfera,
1 ET1 turpantina, anoslaman | Enoslemon gp. llawarra 25.7T 0
| Iranbark/Red Eucalyplus incarpa, E.
|__I_§=5 bloodwood ummifars South Coast 20 0
PE1 Papearbark Melalauca sp. Malropalitan 19.6 0
PE7 Paparbark Melaleuca Inanfola Ilawarra 21.1 0
Cantral
=B14 Red stringybark Eucalyplus macrofiynca Tablalands 25.2 0
South Wasl
SB16 Red sirngybark Eucalyplus macrofiyncha slopas 15.3 0
Cantral
sB2 Rad stangybark Eucalyplus macrofiynca Tablalands 0 0
Cantral
=1=1] Red stringybark Eucalyplus macrofiynca Tablalands L] 0
South Wasl
=1=Fi Red sirngybark Eucalyplus macrofiynca slopas 25.3 0
Apple bowrad Eucalyplus bndgesiana, Southam
AB1 slringybark Eucalyplus macrordynca Tablalands 34.3 0
=1E}| Spotled gum Eucalyplfus maculala aouth Coast 25.1 10.1
=L ] Spolted gum Eucalyplfus maculala south Coast 22.4 10.3
sS4 Spolted gum Eucalyplus maculala South Coast 17 2.1
5G7 Spotted gum Eucalyplus maculata South Coast 14.7 9.9
Spolted gum, Eucalypius maculala,
sB1T bloodwood Eucalyplus gurmmifars South Coast 0 0
Spolted gum, Eucalypluzs maculala, Mortham
=1l stringvbark Eucalyplus aevopinega ? Tablalands 22.3 0

Grey Ironbark

Average: 19.1
Range: 15.2-25.7
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Red Stringybark
i

Total activity | Mon-peraxide
Coda Coamman name Scientific name Region (TA) activity (MPA)
Mid Marth
B4 Gray ironbark Eucalyplus paniculala Coast 15.2 0
IB& Gray iranbark Eucalyplus paniculala South Coast 15.6 0
Gray ironbark and Eucalyplus siderophioE, E. |Northam
IB10 broadleal inonbark fibro£a Tablalands 19 0
Eucalyplus paniculalta,
Gray ironbark, Syncamia glomulfera,
ET1 turpantina, anoslaman | Enoslemon gp. llawarra 25.7T 0
Iranbark/Red Eucalyplus incarpa, E.
IBS bloodwood gummifara aouth Coast 20 0
PE1 Papearbark Melalauca sp. Malropalitan 19.6 0
PETY Paperhark Melaleuca Inanfoha Mawara (211 [ @0
Cantral I
=B14 Red stringybark Eucalyplus macrofiynca Tablalands 25.2 0 I
South West |
SB16 Red sirngybark Eucalyplus macrofiyncha slopas 15.3 0 |
Cantral i
sB2 Rad stangybark Eucalyplus macrofiynca Tablalands 0 0 I
Cantral :
=1=1] Red stringybark Eucalyplus macrofiynca Tablalands L] 0 I
South West |
=1=Fi Red sirngybark Eucalyplus macrofiynca slopas 25.3 0 |
Apple bowrad Eucalyplus bndgesiana, Southam i
AB1 shringybark Eugalypfus macrodfiyncs Tahblalands . . S R | I
=1E}| Spotled gum Eucalyplfus maculala aouth Coast 25.1 10.1
=L ] Spolted gum Eucalyplfus maculala south Coast 22.4 10.3
sS4 Spolted gum Eucalyplus maculala South Coast 17 2.1
5G7 Spotted gum Eucalyplus maculata South Coast 14.7 9.9
Spolted gum, Eucalypius maculala,
sB1T bloodwood Eucalyplus gurmmifars South Coast 0 0
Spolted gum, Eucalypluzs maculala, Mortham
=1l stringvbark Eucalyplus aevopinega ? Tablalands 22.3 0

Average: 25.1
Range: 15.3-34.3
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Total activity | Mon-peraxide
Coda Coamman name Scientific name Region (TA) activity (MPA)
Mid Marth
B4 Gray ironbark Eucalyplus paniculala Coast 15.2 0
IB& Gray iranbark Eucalyplus paniculala South Coast 15.6 0
Gray ironbark and Eucalyplus siderophioE, E. |Northam
IB10 broadleal inonbark fibro£a Tablalands 19 0
Eucalyplus paniculalta,
Gray ironbark, Syncamia glomulfera,
ET1 turpantina, anoslaman | Enoslemon gp. llawarra 25.7T 0
Iranbark/Red Eucalyplus incarpa, E.
IBS bloodwood gummifara aouth Coast 20 0
PE1 Papearbark Melalauca sp. Malropalitan 19.6 0
PE7 Paparbark Melaleuca Inanfola Ilawarra 21.1 0
Cantral
=B14 Red stringybark Eucalyplus macrofiynca Tablalands 25.2 0
South Wasl
SB16 Red sirngybark Eucalyplus macrofiyncha slopas 15.3 0
Cantral
sB2 Rad stangybark Eucalyplus macrofiynca Tablalands 0 0
Cantral
=1=1] Red stringybark Eucalyplus macrofiynca Tablalands L] 0
South Wasl
=1=Fi Red sirngybark Eucalyplus macrofiynca slopas 25.3 0
Apple bowrad Eucalyplus bndgesiana, Southam
r.&E:I.___ el ——— ik 3
I =1E}| Spotled gum Eucalyplfus maculala aouth Coast 25.1 10.1
I =L ] Spolted gum Eucalyplfus maculala south Coast 22.4 10.3
| [5G4 Spolted gum Eucalyplus maculala South Coast 17 2.1
11567 Spotted gum Eucalyplus maculata South Coast 14.7 9.9
1 Spolted gum, Eucalypius maculala,
I|sB17 bloodwood Eucalyplus gurmmifars South Coast 0 0
: Spolted gum, Eucalypluzs maculala, Mortham
I =1l stringvbark Eucalyplus aevopinega ? Tablalands 22.3 0

Spotted gum

Average: 22.3
Range: 14.7-25.1



Interesting
NSW samples
with peroxide
activity

Honey from mixed flora

Commaon Total activily | Non-paroxide
Coda name Region {TA) activity (NPA)
P12 Mixad Matropalitan 19.4 1]
P13 Mixad Matropalitan 21.2 L]
P17 Micad Matropaolitan 0 L
P18 Mixad Matropolitan 0 L
P14 Mixad Hurntar 0 L
P20 Micad Matropaolitan 0 L
P21 Mixad Matropolitan 0 L
P22 Mixad Matropollan 0 L
P23 Mixed Huntar 18.3 0
P24 Mixe d Hunter 18.9 ]
P25 Mixad Matropalitan 13.8 L]
P26 Mixad Matropaolitan 15.T 1]
Par Mixad Matropolitan 0 L
P28 Mixe d Matropolitan 15 ]
P29 Mixad Matropaolitan 29.8 1]
P30 Mixad Matropalitan 22.T 1]
P31 Mixe d Matropolitan B.1 ]
Pa2 Mixad Matropaolitan 22 1]
P33 Mixad Mid Morth Coast 24.6 1]
P34 Mixe d Matropolitan 17 ]
P35 Mixa d Matropolitan 21 0
P40 Mixad Matropolitan 0 L
P41 Mixad Matropalitan 13.8 L]
P42 Mixed Cantral Tablelands 17.8 0
P43 Mixe d Cantral Tablelands 15.1 ]
P7 Mixe d Matropolitan 15.8 0
PE Mixed Metropolitan 16.4 ]
Pa Mixead Metropalitan 17 ]
P14 Mixed urban |Matropalitan 16 L
P14 Mixed urban |Metropolilan 16.4 L
P16 Mixad urban | Metropaolitan 23.2 L

Average: 18.2
Range: 8.1-29.8



Julie’s table of the most active Australian honeys

Mo. [%) with
Floral source: Common name (Scientific nama) No. samples  detectable activityr Total activity'
Range Median
Marri (Corymbia calophylia) 8 7 (88) <5-29.7 25.7
Jarrah (Eucalyptus marginata) 19 18 (95) <5-314 25.1
Jelly bush and heath flora (Leptospermum polygalifolium and unknown species) 3 (100) 17.3-19.9 19.8
Spotted gum (Corymbia maculata) 4 4 (100) 14.7-25.1 189
Tea tree and paperbark (Leptospermum semibaccatum and Melaleuca nodosal) 4 4 (100) 18.1-19.56 18.8
lelly bush (L. polygalifolium) 29 28 (97) <5282 179
Jelly bush, tea tree (Leptospermum sp.) 14 12 (B&) <5-25.8 17.8
Mixed flora, Sydney metropolitan region 32 25 (78)

Red stringybark (Eucalyptus macrorhyncha) 9 3 (56) <5-26.1 153
Crow's ash and jelly bush (Guioa semiglauca and L polygalifolium) 3 2 [67) <5-19.4 15.2
Banksia (Banksia sp.) a5 22 (88) < 5-24.1 150
Jelly bush mix (L polygalifolium and Leptospermum speciosum 3 3 (100) 14.2-14.7 146
Claver (Trifolium repens) 3 2 (67) <5-163 143
Manuka (Lepfospermum scoparium) 1 9 (82) <5163 13.1
Paperbark, tea tree (Melaleuca sp.) 22 18 (82) <5-196 128
Mugga ironbark (Eucalyptus sideroxylon) 3 3 (100) 9.7-123 1n.z
Mixed wildflowers, Tasmania 5 4 (80) <5-16.1 116
Feather bush (Micramyrtus ciliata) 3 2 (67) <5-13.6 115

<5-298

159
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Diet effects on honeybee
iImmunocompetence

Cédric Alaux*, Francois Ducloz,
Didier Crauser and Yves Le Conte

INRA, UMR 406 Abeilles et Environnement, Laboratoire Biologie et
Protection de Pabeille, Domaine Saint-Paul, 84914 Avignon, France
*Author for correspondence (cedric. alaux@avignon.inra.fr).

The maintenance of the immune system can be
costly, and a lack of dietary protein can increase
the susceptibility of organisms to disease. How-
ever, few studies have investigated the
relationship between protein nutrition and
immunity in insects. Here, we tested in honey-
bees (Apis mellifera) whether dietary protein
quantity (monofloral pollen) and diet diversity
(polyfloral pollen) can shape baseline immuno-
competence (IC) by measuring parameters of
individual immunity (haemocyte concentration,
fat body content and phenoloxidase activity)
and glucose oxidase (GOX) activity, which
enables bees to sterilize colony and brood food,
as a parameter of social immunity. Protein feed-
ing modified both individual and social IC but
increases in dietary protein quantity did not
enhance IC. However, diet diversity increased
IC levels. In particular, polyfloral diets induced
higher GOX activity compared with monofloral
diets, including protein-richer diets. These
results suggest a link between protein nutrition
and immunity in honeybees and underscore the
critical role of resource availability on pollinator

health.
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