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FIGURE 12

(57) Abstract: A number of methods of analysing honey are described to determine the age of the honey, the presence of fortifica-
tion with additives including methylglyoxal (MGO), the region from which the honey is derived, the plant species from which the
honey is derived and whether the honey has been heated during processing. The various characteristics are determined based on
the phenolic concentrations in the honey which have been found to provide very clear markers for the above characteristics. The
methods of analysis described have many applications, particularly around quality assurance and ensuring that honeys are true to
labeled specfications.



CA 02748230 2011-06-23
WO 2010/082845 PCT/NZ2009/000301

HONEY ANALYSIS
TECHNICAL FIELD

The mventlon relates to honey analysis. Mdre specifically, the invention relates to methods of
-analysmg honey to measure the’ medlcal and nutntlonal potency of the honey

- "‘BACKGROUND ART " .

“Ovef‘the. last 40-50 years bacteria have become increasingly resistant to co,mmonl'y uééd
" antibiotics. As a result many infections previously readily cured by antibiotics are now difficult. -
or impossible to treat (Finch, R.G. 1998". Given this, empirical screening of chemical entities .
0 for antimicrobial activity represents an important strategy for the development of h9y¢|_¢rug§.
Natural products in particular have been a rich source of antimicrobial agents, that in general .
are associated with low levels of toxicity, and in many cases have a fairly broad spectrum of ...
~ activity (Silver et al 1990%).

A natural product that has received significant attention due to its anti-bacterial action is honey.
5  Although honey has been used for the treatment of respiratory infections and for the healing of -
wounds since ancient times (Moellering 1995%, Jones 20014 it was not until the late 20th
century, as a result of the increasing resistance of micro-organisms to antibiotics that research
studies began to document the anti-bacterial activity of honey against a number of pathogens
(Allen 19915, Willix 1992%). While the majority of honeys have been shown to have anti-bacterial
0 activity, manuka honey, a honey produced by bees from the flowers of the manuka bush
(Leptospermum scoparium) have been shown to possess the highest levels of anti-bacterial
activity {Molan 19927) and to be active against a range of pathogens including Staphyloéoccus
aursus, coagulase-negative Staphylococci, Enterococci and Pseudomonas aeruginosa (Cooper
1999®, Cooper 2002°, Cooper 2002', French 2005"). Indeed today manuka honey is a well

24

‘Finch, R.G. (1998} Antibiotic resistance. Journal of Antimicrobial Chemotherapy 42, 125-128.

2 Gilver, L. and Bostian, K. (1990) Screening of natural-products for antimicrobial agents. European Joumal
of Clinical Microbiology & Infectious Diseases 9, 455-461.

2 Moellering RC. (1995). Past present and future antlmlcroblal agents. American J Medicine, 1995; Supp
6A 11S-18S.

% Jones HR. Honey and healing through the ages. In Honey and Healing. ed Munn PA and Jones HR
2001; 1-4. Cardiff, IBRA

s Allen KL. Molan PC. Reid GM. {1991) A survey of the antibacterial activity of some New Zealand honeys
Joumnal of Pharmacy & Pharmacology. 43(12):817-22

® Willix DJ. Molan PC. Harfoot CG. (1892) A comparison of the sensitivity of wound-infecting specles of
bacteria to the antibacterial activity of manuka honey and other honey. Journal of Applied Bactenology
73(5):388-94.

‘Molan PC. The antibacterial activity of honey. 2. (1992). Variation in the potency of the ant;bactenal
activity. Bee World 73: 59-76.

-Cooper RA. Molan PC. Harding KG. (1999).Antibacterial activity of honey against strains of
Staphylococcus aureus from infected wounds. Journal of the Royal Society of Medicine. 92(6): 283 5
‘Cooper RA, Halas E, Molan PC. (2002).The efficacy of honey in inhibiting strains of Pssudomonas -
aeruginosa from infected burns. J Bum Care Rehabil 23: 366-70. )
-Cooper RA, Molan PC, Harding KG. (2002). Honey and gram positive cocci of clinical significance in
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,accepted and estabhshed clinical treatment for inf tonassocrated wrth wounds and burns

where it has been shown to have both antr mfectrve and wound healing properties (Cooper

'e“""has antlbactenal actrvrty agalnst the gastrlc pathogen H: pylorl the causative agent of gastritis -

'."':"-In addrtlon to’ |ts use for the treatment of WOunds it has also been’ shown that manuka honey T

and the major predisposing factor for peptlc ulcer disease, gastnc cancer and B-cell MALT: .

. Iymphoma (Somal 19944, Osato 1999°%, Mrtchell 19998). Indeed a number of in‘vitro studres have _5

"shown that concentrations of manuka honey as low as'5-10% (v/v) can inhibit the growth ot H..

pylori (Somal 1994, Osato 1999 Mitchell 1999): This finding is of particular interest given that

'over recent years resistance to currently available antimicrobial agents against H. pylon has

" increased dramatically Ieadlng to an’ lncreasmg number ‘of treatment failures (Flshbach 20077)

Indeed, in some populations, the level of resistance to clarithromycin, one of the major .

o antlblotlcs used i in the treatment of H. pylori, has been reported to be as hlgh as 30-40%:in-

" some countries and is commonly ‘associated with treatment failure (Raymond 2007%).

Resistance to metronidazole, a second antibiotic commonly used in the treatment.of H. pylori
infection has also been reported to be high (30%-40% in US and Europe and > B0% some
countries of the developing world), although in some cases in vitro resistance does not translate
into eradication failure (Raymond 2007, Marvic 2008%). Given this environment, alternative .

treatment approaches are of interest.

While the antimicrobial activity of honey has been reported to include osmolarity, acidity, -
hydrogen peroxide and plant-derived components, more recent studies have shown that
osmiolarity, acidity and hydrogen peroxide activity cannot account for all of the honey activity,
and that enhanced activity may be due to phytochemicals found in particular honeys, including
manuka honey (Molan 1992). For example Cooper et al. {Cooper 1989) in a study of the

24 ’ ) ’

wounds. J App! Mlcroblo! 93: 857-63.

V. M. French, R. A. Cooper and P. C. Molan. (2005). The antibacterial activity of honey against
coagulase-negative staphylococci Journal of Antimicrobial Chemotherapy 56, 228-231

- ‘Molan PC. Potential of honey AM J Clin Dermato! 2001;2;13-19
-+ AT Ali, MN Chowdhury, MS al Humayyd. (1991 Inhibitory effect of natural honey on Helicobacter pylon

Trop Gastroenterol,
N Al Somal KE Coley, PC Molan and B Hancock (1994).Susceptibility of helicobacter pylori to the
antibacterial activity of manuka honey. Journal of the Royal Society of medicine 1994;87,9-12

.- Soto MS. Reddy SG. (1999) Graham DY. Osmotic effect of honey on growth and viability of Helicobacter ‘

pylori. Digestive Diseases & Sciences. 44(3):462-4. .
-Osato MS. Reddy SG. (1999) Graham DY. Osmotic effect of honey on growth and viability of Hellcobacter_

pylon Digestive Diseases & Sciences. 44(3):462-4. .
“L; Fischbach; E. L. Evans. (2007) Mata-analysis: The Effect of Antibiotic Resistance Status on: the Efﬂcacy -

of Triple and Quadruple First-line Therapies for Helicobacter pylori Aliment Pharmacol Ther. ;26(3): 343-

357.

* .Josette Raymond , Christophe Burucoa Olivier Pietrini Miche!l Bergeret Anne Decoster Abdul Wann, .

Christophe Dupont and Nicolas Kalach (2007) Clarithromycin Resistance in Helicobacter pylori Strains .
isolated from French Children:-Prevalence of the Different Mutations and Coexistence of Clones Harborlng .
Two Different Mutations in the Same Biopsy helicobacter Volume 12 Issue 2 Page 157-163. .

“Elvira Marvic, Silvia-Wittmann, Gerold Barth and Thomas Henle! (2008) Identification and quantific catlon of .

*methylglyoxal as the dominant antibacterial constituent of Manuka (Leptospermum scoparium). honeys
“from New Zealand Mol. Nutr. Food Res. 2008, 52, 000 - 000
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U antlbaotenal actrvny 6f honey agamst Staphylococcus aureus. |solated from infected. wounds l

- "‘showed that the antibactérial action of horgy | in infeéted wounds does.not depend wholly on lts

’ :phytochemlcal component (Cooper 1999)

" maruka honey dlrectly orlgmated from a chemical compound methylglyoxal (MGO): In-this ..,

- high osmolarlty, and suggested that the actlon of mariuka honey ‘stemmed partly from a .

Util recently 1he |dent|ty of these phytochemlcals in manuka honey remained. unclear, however

i 2008 a study by Marvic et al'reported that the" pronounced antibacterial activity found in:.

‘stlidy six samples of manuka honey were 'shown to contain over 70 times higher levels of. .
i ' methylglyoxal (up to 700 mg/kg) thar that found in regular honeys (up to 10 mg/kg) (White
'19633 ' ' : ~

Floral Markers

As noted above, phytochemicals are thought to have an important role in relatron to act|V|ty
Honeys have been known for some time 1o include a variety of phenolic compounds,

flavonoids and abscisic acid. A selection of prior art on this point includes the following -

.documents:

Ferreres et al 19967 describes tests done on heather honey to find two non-flavonoid

components as the main constituents being two isomers of abscisic acid. The corresponding

flower nectar from which the honey is derived was atso found to contain both isomers as the

main constituents. This document notes that the abscisic acid isomers were not detected in
other monofloral honey samples so Ferreres suggests that abscisic acid may be used as a

marker for heather honey.

Gheldof et al June 20022 describes tests completed on honeys for antioxidant capacity and
phenolic content. Antioxidant content was found to be proportional to phenolic content and. .
darker honeys such as buckwheat were found to have high antioxidant capacities. This
application suggests that the phenolic content of honey may be used as an indicator of honey

ongln

Gheldof et al 2002a* describes further experrmentahon completed from the earlier artlcle The
aim in this article was to characterise the phenolics and other antioxidants in the honeys

tested. In this article the authors found that h_oneys have similar types of antioxidants but -

29

t White, J.W., Schepartz, A.l. and Subers, M.H. (1963) Identification of Inhibine, Antibacterial Factor_m .

- Honey, as Hydrogen Peroxrde and Its Ongm in a Honey Glucose Oxidase System. BlOChII’T“Ca Et

Biophysica Acta 73, 57-.
2 Ferreres et at Natural occurrence of abscrsrc acrd in heather honey and floral nectar J. Agrlc Food

- Chem.-1996 44, 2053-2056.

3 Nele Gheldof, Xlao -Hong Wang and Nicki J Engeseth (2002) Identrfrcatwn and Quantrﬁcation of . .
Antioxidant Components of Honeys from Varlous Floral Sources J. Agric. Food Chem 2002 50, 5870-

| 5877

‘ Nele Gheldof and- Nicki J Engeseth (2002) Antioxidant Capacrty of Honeys from Varlous Floral Sources

" Based on the Detérmination of Oxygen Radical ‘Absorbance Capacity and Inhibition .of in Vitro Lipoprotsin o

Oxidation in Human Serum Sampies J. Agric. Food Chem 2002 50, 3050-3055.
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. “différént amourts of phendlic compounds. “The alithor concluded that the phenolics were 47 1.

g "SIgnlflcant to antioxidant capaclty but.not: solely responsible: Examples of. anhomdant

" friateridié noted included proteins; gluconic acid, ascorbic acid, hydroxymethylfurfuraldehyde

-. . and enzymes such as glucose oxudase catalase and-peroxidase.”.

§ * Barberan et al 1993" dsscribés analySIs of flavonoids in honey. The authdrs-bf&hié"adic’:le found, .-

“"that fla\"lbriOids"Wer:efihc’cSrbdfated-ihto honey: from propolis; nectaror polien and that honeys .-~
""" from thie northern hismisphere tended to show higher degrees of propolis based flavonoids while . - -
" equatorial'and‘Australiar based honeys were largely devoid-of propolis based flavonoids. South

- American and New Zealand honeys contained fla\'/onoids‘associated with propalis. ..

Qi Yao et al 20032 descrlbes the use of measunng fIavonond phenohc acid and abscusnc acid
vcontent in Australian and New Zealand honeys as a method of authentlcatlng honey floral
. origins, The authors found that Australian jelly bush honey. included myrlcetln luteolin and. .
tricetin as the main flavonoids. Phenohcs were found to be pnmanly galllc and coumanc amds
along with abscisic acid. By.contrast New Zealand manuka honey contained guercetin, .
5  isorhamnetin, chrysin, juteolih and an unknown flavanin. TheAmain phenolic compound was
found to be gallic acid. In addition, almost three times the amount of abscisic acid was found in.

New Zealand manuka honay as Australian jelly bush honey.

Barberan et al 20012 describes how the phenolic profiles of 52 honeys from Europe were |
analysed. The different honeys were found to have different markers with different

0 . characteristics and UV spectra. Different markers however were found to be present in several .
honeys rather than being speci__fic to one species. For example, abscisic acid was found in -.

heather honey, rapeseed, lime tree and acacia honeys.

" As should be appreciated from the above, a variety of experiments have been undertaken to

determine characterising compounds in honeys. Knowledge exists that honey contains

5  antioxidant activity and that this may be attributable to compounds such as flavonoids,
phenolic acids and abscisic acid. What should also be apparent from the above is that different
studies have found that these compounds are present in a variety of honeys and that the
amount present and the types of compound present may be a misleading measure of the
honey origin due to their variation and lack of correlation between piant and honey. For

0 “exarmple, abscisic acid is found in a variety of different hoheys from different plant speéies but

the quantities vary substantially even between samples from the same source.

31

1 'Francisco A. Tomas-Barberan, Frederico Ferreres, Cristina Garcia-Viguera, and Francisco Tomas- -+~ .
Lorente (1993) Flavonoids in honey of different geographical origin. Z Lebensm Unters Forsch 196:38-44.

o z Lihu Yao, Nivedita Datta, Francisco A. Tomas-Barberan, Federico Ferreres, isabel Martos, Rlantong
Smganusong (2003) Fldvorioids, phenolic acids and abscisic acid in Australian arid New Zealand
Leptospermum honeys. Food Chemistry 81 (2003) 159-168. c
3 Francisco A Tomas-Barberan, Isabel Martos, Faderico Ferreres, ‘Branka S Radovic and.Elke Anklam -

- {2001) HPLC flavonoid profiles as markers for the botanical origin of European unifloral honeys. J Sci Food .
Agric 81:485-496.



10

15

20

25

30

CA 27748230 2017-03-07

The authors of the above documents do not consider whether honey age has any influence on
the composition of the various compounds analysed.

Methoxylation

Most diétary polyphenols have very poor bioavailability due faster metabolic breakdown of
hydroxyl groups as opposed to methoxyl groups. Methoxylated phenolics are highly resistant to
human hepatic metabotism (Wen and Walle 2006a') and also have much improved intestinal
transcellular absorption (Wen and Walle 2006b%). The methylated flavones show an
approximately 5- to 8-fold higher apparent permeability into cells which makes them much more
bio-available. The higher hepatic metabolic stability and intestinal absorption of the methylated
polyphenols make them more favourable than the unmethylated polyphenols for use as
potential cancer chemo-preventive agents. The determination of metabolic stability of four
methylated and their corresponding unmethylated flavones with various chemical structures all
of the tested methylated flavones, showed much higher metabolic stability than their
corresponding unmethylated analogues.

It should be appreciated from the above that it would be useful to have a means for adjusting
the level of medical and/or nutritional potency of honey. Since plants from which honeys are
derived contain key compounds with medical and nutritional potency, it should further be
appreciated that methods of manipulating plants to enhance key compound levels would be
useful. It is an object of the present invention to address the foregoing problems or at least to
provide the public with a useful choice.

No admission is made that any reference constitutes prior art. The discussion of the references
states what their authors assert, and the applicants reserve the right to challenge the accuracy
and pertinency of the cited documents. It will be clearly understood that, although a number of
prior art publications are referred to herein, this reference does not constitute an admission that
any of these documents form part of the common general knowledge in the art, in New Zealand
or in any other country.

It is acknowledged that the term 'comprise' may, under varying jurisdictions, be attributed with
either an exclusive or an inclusive meaning. For the purpose of this specification, and unless
otherwise noted, the term ‘comprise' shall have an inclusive meaning - i.e. that it will be taken to
mean an inclusion of not only the listed components it directly references, but also other non-
specified components or elements. This rationale will also be used when the term 'comprised' or

‘comprising’ is used in relation to one or more steps in a method or process.

"Wen, X., Walle, T. (2006a) Methylation protects dietary flavonoids from rapid hepatic metabolism.
Xenobiotica 36: 387-397.

2Wen, X., Walle, T. (2006b) Methylated flavonoids have greatly improved intestinal absorption and
metabolic stability. DrugMetab. Dispos. 34: 1786-1792.

5
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. ehsuing description that is given by way-of éxample-onlys s~ -« + .o h i e

: ;‘-DISCLOSURE OF THE INVENTION

4,.'The'mvent|on broadly relates to malntalnlng and/o

Az_potency of honey by use of the flndlng that phenohc compounds in honey are a key drlve 'ln

% Furthier’dspects and advantageés of the present-inveéntion will become apparent from-the:. » 7

axrmlsmg the medlcal and nutrltlonal

. . honey potency Slnce the Ievels of phenolrc compounds can be analysed and adjusted dunng_'; e

35

' honey manufacture methods to produce greater numbers of phenolic compounds and ..

therefore mcreased med|cal and nutritional potency are of interest. In addltlon knowmg the ’

above propertles allows for further quallty control in honey manufacture

Flndlng the above synergies was surpnsmg as this goes against recent publlcatlons whlch :

..., suggest that methylglyoxal (MGO) is the primary compound and those whlch have found e

;absclsu: acid to be a major factor.

A further finding by the inventors was the fact that the free phenollc compounds concentra’uons

. change over time in the honey and- in response to other factors such as heat and d|lut|on This

change in concentration over time was unexpected and is thought to be the main reason why
earlier trials looking at phenolic compounds were unsuccessful or gave mixed or inconsistent

results.

Also contrary to the art was the inventors finding that in fact phenolic compounds in plant
nectar (as opposed to pollen or other measures) was highly correlated to the levels found in
honey sourced from the same plants. As noted above, the art finds no correlation between

plant nectar phenolic compound levels and that observed in honey and therefore concludes

. that phenolics are not a useful measure. in contrast, when age is taken into consideration,

phenolic.compounds are highly correlated between plant nectar and honey. This finding has- " -

meant that it is possible for the inventors to measure a wide range of factors in the honey well

- beyond that speculated in the art of only origin.

The exact mechanism behind why the free phenolic levels vary in honey over time is not certain
however the inventor understands that these phenolic entities are initially carried by a tannin
molecule(s) present in the nectar, and as the honey ages naturally the phenolic molecules are

released due to degradation of the tannin body and the matrix associated with a large organic .

.. molecule with both hydrophoblc and hydrophilic binding sites. The best researched

companson for such aging is the development of flavour and aroma in red wines due to the

release of ph_enollc groups from tannin bodies.

“The same result of an increase in MGO concentration over time for honeys that include MGO. .

e.g. manuka honey, was also measured by the mventors although other processmg steps could s

" ..be used to adjust MGO concentration:and not adjust phenohc concentratlon hence a dlfferent
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:- ... mechanism-of-release  appears-to;occur for MGO: Prior-art suggests that this.may be dueto.

- conversion:of. DHA:into- MGO .as-a natural-reaction process within .the»honey«and»thatthis gL

reaction is sensitive _to.age |ike phenolics as well as other influences e.g. heat and acidification. -

The(rmproved heallng effects are in part thought to be due to these compounds offenng OF:

5 . mfldencmg mumple stages of healmg The drfferent stages are an antlmlcroblal phase an
"rmmune stlmulatlon phase and an antr mflammatory phase All of these: aspects are understood

' "ito contnbute to potency of honey in medlcal and nutrltlonal apphcatlons

- Methods of determlnlng and manrpulatlng charactenstics assocrated wrth honey are now

_ descrlbed lncludlng

0. . (a- the age of a honey; - ;
(b) whether the honey has been fortified with MGO
(o) whether the honey has been heated;
’ '(d)‘ whether horiey has been acrdrfled 4
(e) which region a honey has been sourced from;

5 {) which plant species the honey has been produced from.

For the purposes of this specification the term ‘phenotic compounds' and grammatical
variations thereof refers to phenolic acids, phenolic salts, phenolic esters and related

polyphenolic compounds.

The term “free’ in-the context of phenolics refers to phenolic compounds being in a readily

0 detectable form.

The term “complexed’ in the context of phenoclics refers to phenolic compounds being carried in
a tannin molecule or otherwise not detectable, for example as a result of in vivo phenolic self

condensation.or precipitation reactions occurring as a result of honey bees dehydrating nectar.
Age

5 Acoording to a first embodiment there is provided a method of determining the age of a honey ‘
sample by measuring the concentration of phenolic compounds'in the honey and comparing

this concentration to a honey with a known age.

As noted above, a key flndlng of the rnventors is that the phenalic levels | in honey change over
time. This flndmg means that it is p035|ble to take an unknown honey, measure the Ievel of
0 Aphenohc compounds in the honey and by correlatlon predlct the age of the unknown honey

’ sample Based on the |nventors work thls method exhlbrts 95% confidence interval accuracy.
: ln the above method the phenolic compounds measured are free phenollc compounds.

. An advantage of knowing the age of a honey sample is that the inventors have found that . -
- phenolic levels correspond to medical and nutritional. potenoy hence knowmg honey age-allows: .. "

5  for blending operations that tailor medical-and. nutritional efficacy.
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; Accordlng to a second embodlment there xs provxded a method of determlnmg whether a.
N honey has been fortified with MGO by o o ' L

25

30 -

™ MGOIHeat Aciditication

' (a) knowmg the approxmate age of the honey and measunng the concentratlon of phenollc

Lol wtal

' e compounds and/or MGO m the honey, and

(b} ,v-comparlng the measured concentratron of phenohc compounds and/or MGO agarnst a... ..

; 'control honey W|th a known age

In a further varlatlon both phenohc concentratlon and MGO concentration if present are both

measured in the unknown honey and compared agamst a known control honey.

In the above embodlment MGO fortified honey has a hlgh MGO concentratlon and

. comparatlvely Iow phenohc concentration in proportion to an unheated honey

Ac'cordingj to a third embodiment there is provided a method of determining whether-a honey

has been heated by:

{a) knowing the epproximate age of the honey and measuring the concentration of phenolic

compounds and/or MGO in the honey; and,

(b) comparing the measured concentration of phenolic compounds and/or MGO against a

control honey with a known age.

In a further variation, both phenolic and MGO concentration are measured in the unknown -

honey and compared against a known control honey.

In the above embodiment, heated honey has a high MGO concentration and comparatively low

phenolic concentration in proportion to an unheated honey.

According to a fourth embodiment there is provided a method of determining whether a honey

has been acidified by:

(@) knowing the approximate age of the honey and measuring the concentration of phenolic

compounds and/or MGO in the honey;Aand,

(o) comparing the measured concentra’uon of phenollc compounds and/or MGO against a

'control honey wtth a known age

In a further variation, both phenohc and MGO congentration are measured in the unknown

-honey and compared against a known control honey. .

In the above embodlment acidified honey has a high MGO concentration and comparatlvely

low phenohc concentratron in proportion to an unheated honey. This result is particularly

pronounced over tlme

As noted: above one example of an addrtlve of concern is methylglyoxal (MGO) WhICh has been .
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" “thé subject of recent reports attributing MGO-to UMF -activity.and-therefore giving some.-«.; .. .-+

’ """_motlvatlon for producers to fortlfy natural honey wrth MGO in order to lncrease the honey value oy

'Another example as noted above is that of heat durmg.processmg Heatrng.honey after e '..' R

30

35 -

" collection can artificially increase the MGO content Whilst the exact mechanrsm for this.is not

""certaln it |s understood by the inventors: that heat releases MGO that may be bound |n the

: -Ahoney sugars Although an lncreased MGO Ievel may be advantageous heat can result |n .
‘unwanted reactlons occurnng ‘with honey and in partrcular the production of

‘ hydroxymethylfurfuraldehyde (HMF) compounds. Honey that has levels of HMF'in excess of40 . .-

ppm HMF can be downgraded as bakers 'honey or denied market access as HMF may be

linked to harmiui effects. Also of concern with heating is that fragile phenolic compounds

. understood by the inventors to be therapeutic may be deactivated or broken down by heat - ..

hence heat car’ be undesirable, particularly if this is not controlled.

At present there are no known methods to confirm post processing if MGO has been added to
honey. With heat in processing, HMF compounds can be detected where gross heatlng has

occun'ed but more Ilmlted heating is harder 1o detect.

_ 'The present invention provides the opportunlty to test for the above compounds

In selected embodiments, it is possible to also quantitatively determine how much MGO has

been added to a honey by the methods described above.

Similarly, in selected embodiments, it is possible to also quantitatively determine how much

~heat a honey has been subjected to by use of the methods descnbed above.

It should be appreciated from the above description that there are descnbed methods of
identifying MGO fortified or heat treated honeys. The advantages which should be apparent to

those skilled in the art include the ability to test for adulteration or manipulation of natural

" based honeys and therefore act as a quality standard.

~ An alternative advantage of the present invention is the ability to selectlvely adjust honey

characteristics in a controlled and measurable way

For example, it may be desirable to deliberately produce a high MGO content honey for
fortification with synthetic MGO but avoid the danger of having to much MGO present and

therefore creating the risk of side effects or even of toxicity of MGO. The method of the present

- invention allows the user to predict how much MGO may be added to achieve a desired anti-
‘bacterial effect from the honey, especially against gram positive bacteria. It is understood that

) phenollc compounds tend to mitigate any potentlal free radical producrng or gluthathrone .

depletlon effects from MGO Mt is therefore important to dose MGO at a rate so as not to
overwhelm the radical quenchmg and glutathione repletion effect that the phenollc compounds

are understood to contnbute

Inan alternatrve example heat may be delrberately applled toa honey ata predetermmed
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B _,Thls heatlng step may. also be completed |n order to mcrease the free phenolnc content of the

o honey as heat Is, understood to. be a mechamsm to un- complex phenolrcs

used o prevent: the productlon ‘of: unwanted by—products from heat such -as HMF compounds

- temperature’in ordér toincrease: MGO:cornitent: Tha method of the present.invéntion could be..... -

‘-“Flnally it! should be noted be noted that not all honeys contaln MGO naturally The: above s

--xmethods in respect of MGO- are therefore best surted to honeys with MGO present naturally -

- 'fllncludrng but’ not: Ilmlted to: Leptospermum spemes

30

35

- 'Honey Fteglon B

Accordlng to a fourth embodlment there is provrded a-method of determrnlng the reglonal orrgln
. ofa honey sample by knowmg the approxrmate age. of the honey and measuring the

‘.concentratlon of phenolic compounds in the honey and comparing the results to a control

sample or samples

Accordrng to a flfth embodrment there is provrded a method of determxmng whether a honey

sample is a blend of honeys from different regions by knowmg the approximate age of the -
honey and measunng the concentratlon of phenollc compounds in the honey and comparing

the results to a control sample or samples

A As noted above, phenolrc compounds in honey may vary dependent on the region in which-the

honey is collected.

In one embodiment, honey derived from Leptospermurn .scoparium var. incanum and
Leptospermum scoparium var.-linifolium grown in parts of New Zealand can be distinguished
from honey sourced from Leptospermum scoparium var. myrtifolium and Leptospermum
scoparium var. 'triketone’ on the basis on a'‘comparison of methoxylated benzoic acids.
Leptospermum scoparium var. incanum and Leptospermum scoparium var. linifolium derived .
honeys are characterized by having significantly higher methoxyiated benzoic acid levels than .

honey derived from the varieties Leptospermum scoparium var. myrtifolium and Leptospermum

" 'scoparium var. 'triketone".

In a further embodiment, the above tests may be completed in conjunction with other known
region typing tests including but not limited to oxygen lsotope analysis and trace element

analysis. Such analyses may provide information on how far from the sea the honey has been -

-collected from and what trace elements may have been available that are typical in the soil of
the nectar producrng plant. Such analyses may be partrcularly helpful if the honey is mainly
from high yleldlng Leptospermum scoparium var. incanum that has been biended with a forelgn
_ honey which contains no phenolics or MGO. Such a honey blend could be detected by the

‘ above _methoqst .

The above methods are unexpected over the art as the art does not find a true correlation

"petween honey phenolic markers.and that observed in plant nectar and therefore places no )

10
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“reliance:on such:markers. fordetermining honey origin (or other-factors). -The inventors found. -,

-.on.~thatthere.was-indeed a strong. correlation, particularly.once the age of the honey. was removed. .

"~ "Plant Origin’

5k“""":f"'Accord|ng'to 4 'sixth embodlment there is provnded a method of determmmg the- plant origin‘of ;.

g honey samp!e by measunng the concentratlon of free phenolic compounds in'the honey and:.

companng ‘the results to a control sample or samples

Accordlng toa seventh embodiment there is prowded a method of determmmg the plant or|g|n :
- of a honey sample by measuring the concentration of methylglyoxal in the honey and .

0 .. comparing the results to a control sample or samples.

As should be appreciated from the above description it is possible to determine the plant origin
.of a honey. One appllca‘non of this method is in quality control and determining that products
- labelied with high value honeys such as manuka honey are in fact sourced predomlnantly from

- manuka plants or other sources with high value.

5 Inone embodlment the concentration of phenyliactic acid and the sum of the principal
phenolic components are used to determine and distinguish whether a honey is sourced from

manuka or kanuka plants.

Preferably, in the above embodiment, the marker compound is 4-methoxyphenyllactic acid.
The inventors have found that the concentration of 4-methoxyphenyllactic acid is _consistently .

0 less than 1% of sum of principal phenolic compounds in a manuka honey but always around
10% or greater in a kanuka honey. As a result it is very easy to distinguish between these

species.

-As noted above, it is also possible to use MGO content as a marker of plant origin. The
ihventors have determined a relationship between the concentration of methylglyoxal and the
'5  sum of principal phenolic compounds in a naturally aged manuka honey. Were manuka and
kanuka honeys compared, MGO is not present at all in kanuka honey provided a simple_ . .

distinction betyveen the two types of honey.

In a further embodiment, clover (Trifolium spp.} and rewarewa (Knightia excelsa) honeys do not .
contain elevated levels of phenolic compounds making these honeys distinguishable by the

0. absence of such compounds

’In a further embodiment, kamahl (Wemmanma spp) (Broom etal. 1994‘) and heather (Er/ca

spp ) (Hymk 19982) honeys contain umque kamahlnes and ericinic ac:d respectlvely maklng

32

.+ Broom, S. J.; Wilkins, A. L; Lu, Y,; Ede, R. M. 1994. Novel nor—sesqulterpenmds in New Zealand honeys
The relative and absolute stereochemistry of kamahines: an extension of the Mosher method to ’
hemiacetals. Journal of Organic Chemistry 59: 6425-6430. .

» Hyink, W. 1998. A chemical investigation of some New Zealand honeys MSc Thesis, Universtty of

11



CA 02748230 2011-06-23

WO 2010/082845 PCT/NZ2009/000301

+-these honeys.easily distinguished::: o i mean L o e

4 Fithermore, the- ABove exampies where New Zealand honeys aré'distingiiished shotld'not be®: -+

“seen as limiting ‘as the same principles can be used.to distinguish between honey plant origins-. :.+*

" *.in other countries. For example, the phenolic compound profile for Australian Jellybush:honey: -

" proflles from New Zealand honeys and therefore drfferentlatron erI be possuble for plant ongm

25

30

- nharvested from Leptospermum polygallfo/lum and Eucalyptus spp. honeys have been (T

|, 003 ) These plant specres exhlblt srgnlflcantly dn‘ferent phenolrc

Agaln the above methods are unexpected over the art as. the art does not find a true
correlatlon between honey phenohc markers and that observed in plant nectar and therefore
places no rehance on such markers for determmlng honey ongln {or other factors). The

inventors found that there was indeed a strong correlation, partlcularly once the age of the

‘ honey was removed as a factor.
Quallty Control

. According to an eighth embodiment, there is provided a method of determining whether or not.

a batch of honey has been manipulated and thereby rejecting or receiving the honey baich by

_the steps of:

(a) obtaining a sample or samples from the batch of honey of a known age;

{b) measuring the concentration of at least one phenolic compound in the honey sample

or samples;

{c) determining whethér or not the phenolic concentration agrees with a known linear

correlation for the honey or honey biend with age and wherein;

i. if the phenolic compound or compounds concentration is more than two
standard deviations hlgher or Iower than that predicted for the honey, the

honey batch is rejeoted

ii. ifthe phenohooompound or compounds concentration is within two standard

deviations of that predicted for the honey, the honey batch is accepted.

According to a ninth embodiment, there is provided a method of determining whether or not a

batch of honey meets label de_olarations_ as to fioral origin and regional origin by the steps of:
(a) . obtaining a sample or samples from the batch of honey of a known age;

_ (b) _measuring.the concentration of at least one phenolic compound in the honey sample.

.“or samples; -

31

“Waikato,” Hamilton, New Zealand.

'Yao, L.; Datta, N_; Tomas-Barberan, F. A Ferreres F Martos I.; Singannusong, R. 2003, Flavonords

- phenolic acids and abscisic acid in Australian and New Zealand Leptospermum honeys. Food Chemistry = -

81: 159-168. -
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(c) determl ng whether or not the phenollc c ;mpound or compounds concentratlon o

' agrees wnth a kn wi Ilnear correlatnon tor the' honey or honey blend with age and

whereln,

R B

) ‘_:If the phenollc concentratlon is more than two standard dewatlons hlgher or C

. t"lower than that predlcted for the honey, the honey batch is relected as not

belng true to the label declaratlons

il ifthe phenollc concentration is w:thln two standard deviations of that
o __predlcted for the honey, the honey batch is accepted as being true to the tabel ;

declarat:ons.

.In the above embodiment, manuka derived honey may be distinguished from other honeys by .. -

" measuring the concentration of 2-methoxybenzoic acid and comparing this to a known

standard.

. Accordlng toa tenth embodlment there is provided a method of determining whether ornota

batch of honey has been mampulated and thereby rejectlng or recewnng the honey batch by the '

steps of
(@) obtaining a sample or samples from the batch of honey of a known age;

(b) measuring the concentration of methylglyoxal (MGO) and at least one phenolic

compound in the honey sample or samples;

(c) “determining whether or not the MGO concentration agrees with a known linear
correlation for the honey or honey blend with age and phenolic concentration and
wherein;

i.  if the MGO concentration is more than two standard deviations higher or lower
.than that predicted for the honey based on age and phenolic concentration, .

the honey batch is rejected;

“ii.  if the MGO concentration is within two standard deviations of that predicted
for the honey based on age and phenclic concentration, the honey batch is

accepted.

As should be apparent from the above description, it is possible to use the methads of the . -

preeent invention to make a number of quality control measures and decisions. This is

- important as the value of honey increases tremendously: based on alleged medical efficacy and .

as a result, it is important to know that the value is indeed real rather than a manipulated or ..

inferior honey.

Opt/mxsatlon

f Accordmg to an eleventh embodlment there is provnded a method of optlmlsmg a blend ot

honeys to tailor and maximise medical potency of a honey blend by the steps of:

13
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.o @) samplmg and udentlfylng the phenohc concentratlon and' MGO content of a selectlon

- of honeys

o A"(b) ‘Vdetermmlng the desured medlcal potency of the honey blend from'a selectlon of "’

emphaSIsmg

nt»-mlcroblal effects, A

i. 'xmmune stlmulat|on effeets
i, - anti- lnflammatory offects; and
“(©) m mlxmg together honeys wherein: ‘
i.  if an anti-microbial effect is to be emphaSIsed honeys with maximum MGO
content are blended together; )
. ii. ~ if an:immune stimulation effect is to-be emphasised; honeys.with intermediate
concentrations of MGO and phenolic compounds are blended together;
iif. if an anti-inflammatory effect is to be emphasised, honeys with maximum
phenolic concentration are blended together.
In-the above embodiment, the honey samples may also be analysed 10 determme the quanttty
of fungal derived complex carbohydrates in order to determine honeys that may be used to

further emphasise an immune stimulation effect.

The inventor's have found that fungal material, for example yeasts, spores, fungal cellular
compounds, in the environment may have a significant influence on the degree of immune
stimulation caused by the honey, particularly when the honey is placed on a wound.
Compounds have been identified by the inventor's in high immune stimulation honeys that are
commonly associated with fungal celluiar material. More specifically, the fungal cellular
material may>include complex carbohydrate compounds associated with the cell wall of fungal

material. An unexpected result noted by the inventors was that not only were these fungal

. derived compounds present, but they also appeared to have a synergis_tic effect on immune ‘

stimulation. As may be apprecia{ed, honey often contains LPS material in the form of cell wall
debris, primarily from bacteria in the natural environment. LPS is known to have an immune
stimulatoryveff‘ect that is measurable and reproduciblve.' Experiments undertaken by the
inventor's identified that a similar immune sti'mulatory'effect may be observed between LPS
and the high fungal material containing honeys, yet the fungal material containing honeys
required nearly 200 times less concentration than LPS to acquire the same stimulatory action

as LPS. As may be-appreciated, honey containing immune stimulation properties may be

- useful in at least-wound dressing applications where the.normal innate wound healing process

. needs to be stimulated in order to treat for example, a chronic wound.-

As should be apparent, the above method may be used in the preparation and production of - .

dressings to suit particular applications.

Phenoclic Compounds

14
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. n tth'e;_aﬁoue'zfembod'iment_s; ‘the:phenolic:compaunds may-be;in a form selected from the group : -

-cons'isti'n’r;j"!of-’:‘*avfree‘formf .a complexed forrn-and-rnixtures thereof. .- ..

“‘Preferably, the phenollc compounds are selected from the group consnstlng of: phenohc acrds

: <phenohc salts phenollc esters, related polyphenollc compounds and comblnatlons thereof

B Preferably, the phenollc compounds are derlved from tanmn compounds As noted above a

: useful correlatlon is the comparrson to wrnes where aglng |s assocrated with the development L

-,of flavour and aroma in red wines due to the release of phenolic groups from tannlns

Preferably, the phenollc compounds are methoxylated. As noted above, the prior art teaches

some usefu! properties attributable to methoxylated compounds. The inventors have found .

_ that honey which-includes. methoxylated compounds-éxhibit useful medical and.nutritional

- effects.-By way of example; the inventors have analysed the phenolics prominent in.manuka .- - -

(Leptospermum spp.).and kanuka (Kunsea spp.) and a large number of these phenolics are
methoxylated at one or-more points of their phenol or acid group. Compounds such as galiic or -
benzoic acid are-present mainly in their methoxylated form such as methoxybenzoic acid,
methoxygallic acid, methyl syringate, methoxyphenylactic acid or syringic acid. Methoxylation

is therefore a major feature of the phenolics that are prominent in the above species that are
acknowledged to have a higher medical and nutritional activity. The inventor's findings in
combination with ;the art mean that effects envisaged for medical and nutritional applications -

include:

*  Greater bioavailability due to the methoxylated compounds be able to enter the cell
faster; . '

* Longer bioavailability due to the methoxylated compounds having a much longer half
life within cells to scavenge free radicals;

_» Phase Il enzyme induction properties;

For honey wound dressing applications, the methoxylated compounds are also likely to have a

“much’longer half life within wound exudate as they are not rapidly degraded.

Methoxylation also resuits in much longer lived molecules once they are in the cell.

Also unexpectedly, the inventors have found that methoxylated compounds are very well |

tolerated by the human cells (low. toxicity) but not by bacterial and fungal cells that is highly

. advantageous in treating microbial infections. : .

" In a further émbodiment; methoxylated phenolics may represent greater thari 10% wtof the© = .

total phenolic compound content in'theloomposition. Preferably, this may be greater than .
20% wt. Preferably, this may be greater than 30% wt. =

* In a furthér embodiment, honey produced from the method or plant contains at least 150 mg/kg -

. of methoxylated phenolic compounds.

15
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2 Examb'les of pr.incipel_.phenpljc. ‘cg'mpounds.m'ay‘;pe;se_legted from.the group consisting of:. o o,

.- phenyllactic:acid, -methoxylated: phenyllactic acid, methoxylated benzoic acids, syringic- acid;. ;o

IR methyl synngate |somer|c forms of methy| synngate, and comblnatlons thereof

S | 8 one embodrment the free phenollc content may be. measured rndrrectly by. determlnlng the. ...

5. \sum of phenyllactlc and 4 methoxyphenyllactrc acnds and derivatives thereof (partrcularly

hydroxylated analogues) These may be |ncreased in the plant nectar by 5-10, 000 mg/kg

Examples of these compounds are |Ilustrated below

o . COOH . . COOH ...
. O e m
B EE T I, | MeO : S '
Phenyllactie ecia I 4.-me{nexynnenyllactie acid
10.  In.a young honey these compounds are understood by the inventors to typically account for . . -
more than three-quarters of the principal phenolic components. The inventors‘have found that,. :

. with no other influences other than age, honey tend to show an increase in predominance of .

benzoic acid compounds and their derivatives.

Preferably, the methoxylated derivatives of benzoic acid noted above are: 2-methoxybenzoic

15 acid, 4-methoxybenzoic acid and isomers of trimethoxybenzoic acid as shown below:

COOH

.. COOH COOH - .
it Ej MeO J\: OMe
OMe

2-methoxybenzoic acid 4-methoxybenzoic acid Trimethoxybenzoic acid
Hydroxyiated benzoic acid derivatives (salicylic acid and 4- hydroxybenzorc acrd) are also of
.lnterest although are present in less significant concentrations.

25 Preferably, the third group of the principal phenclic components noted above include syringic .
acid and methyl syringate: ‘

COOH COOMe

MeO OMe MeO OMe
' - OH T T © OH -
Syringic acid B " Methyl syringate

These components are present as two |somers that are diagnostic and dlfferentlate manuka
and kanuka honeys. .

30 in a further embodiment, the free phenolics may also include a suite of other compounds allied. -
with the tannin matrix in honeys. These range from relatively simple moiecules such as galiic

16
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i 'ac':]d"and"rnéth‘o)i'ylaté“c'f derivatives, absgisic ‘acid; cinnamic acid, phenylacstic acid and :

polyphenohc molecules such as ellaglc acid. A range of these molecules are |Ilustrated bel

~-.methoxylated.and ‘hydroxylated: derivatives,.and: methoxyacetophenone o complexed, -

30

Gallic acid - Cinnamicacid T Ellagic acid =

Preferably, the nectar contalns free complexed ora mix of phenollc compounds sufflment to .

results in honey with 5mg/kg to 10 OOOmg/kg or h|gher dependlng on the preferred apphcatlon o

Preferably, the free phenolic content in the honey may be manlpulated by addltron of other

components.

Probiotic bacteria or fungi may be useful in breaking down the tannin complex and increasing
the number of free phenolic compounds in the honey. By way of example, Lactobacillus

plantarum, a beneficial micro-organism that inhabits the human gut has been shown to degrade

tannin complexes by catalysing the hydrolysis of ester and depside linkages in hydrolysable

tannins into individual phenolic units thus freeing the biologically active units for cell absorption..

It should be appreciated from the above description that there are provided methods of

analysing honey to determine various characteristics. These characteristics influence honey

quallty and the medlcal and/or nutritional potency of the honey. Advantages of such tests and

manufacturing steps should be apparent including quality control tests that may be undertaken

in the manufacture of honey and honey based compositions.

BRIEF DESCRIPTION OF THE DRAWINGS

Further aspects of the present invention will become apparent from the following description.
which is given by way of example only and with reference to the accompanying drawings:in
which: ’ '

Figure 1 shows a graph illustrating the phenolic profile of monofloral manuka, kanuka, and

-other honeys harvested in New Zealand and.aged naturally for up to ten years;

Figure 2 - shows a graph illustrating the correlation between the sum of the principal -
phenolic components. and methylglyoxal in monofloral manuka honey harvested in

New Zealand and naturally aged;

17
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-8 graph lllustratlng the presence ‘of selected phenohc compounds m‘plan'

‘necta or four dlﬁerent plants used_( 'honey productlon

Figuré 4 showsa graph |l|ustrat|ng ‘the concentratlon ‘of methylglyoxal in naturally aged

o 'manuka honey andtwo manuka: honey samples that have been art|f|0|ally heated '

5 'to release methylglyoxal
Figure 5 - shows a graph |l|ustrat|ng the concentratlon of the prlnclpal phenolrc components - '
and methylglyoxal in naturally aged manuka honey, and two manuka honey
samples that have been artificially heated to release methyliglyoxal;
Fig ure 6 shows a graph iIIustratingjthe correlations between the sum of principal phenolic B
0 " components in manuka and kanuka honey and honey age;
Fig' ure7 shovvs a graph- illustrating the impact of heat on phenolic compounds and MGO '
’ -, - using paired samples in ménuka honey, 25% clover honey and 25% rewarewa . -
- honey-blends with the same manuka honey. % concentration change represents
increase of described component after 50 days treatment relative to initial
15 concentration;
Figure 8 shows a graph compairing paired samples illustrating the effect of long-term
_storage at room temperature on the concentration of phenolic compounds and
MGO in manuka honey, and 25% clover and 25% rewarewa blends of the same
manuka honey. % concentration change represents increase of described
0 component after 50 and 200 days of storage; and,
Figure 9 shows a graph compairing paired samples illustrating the effect of acidification and
storage at room temperature on the concentration of phenolic compounds and
MGO in manuka honey. % concentration change represents increase of described
component after 50 and 200 days of storage.
5

BEST MODES FOR CARRYING OUT THE INVENTION

" The invention is now described with reference to various examples illustrating the medical-and

‘nutritional properties of the present invention.
EXAMPLE 1

30 In this example, honey harvested from the mdlgenous New Zealand shrubs Leptospermum .
o 'scopar/um (manuka) and Kunzea enco:des (kanukay) are used to demonstrate the presence of ..
free phenollc oompounds and the way the concentratlon of these compounds change over .- ..
time. Manuka and kanuka honeys were chosen to illustrate this effect as they contain relatively ..
:high'Ievels-of'free‘-'phenolics and'derivative compounds t:ompared to other honey types:

35 Figure 1 iilustrates the concentration of the free phenolics present in five honey types of
[}
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“1 OOO mg kg" ot these compounds, wh reas in companson the other honey types of the same.;.

':"': ’ age contam consxderably Iess than 100'mg kg‘1 Furthermore as the manuka and kanuka
-'.honeys are aged naturally, that |s stored at room temperature foIIowmg extractlon from the
5 ..-honey: comb the concentratlon of the phenohc components mcreases approxmately three-fold
- over ten years toin the reglon of 3000 mg. kg™'. However, the increase in free phenolic. . .- .; . '- ~:

‘- components' concentration illustrates a Ioganthrnic ciirve; consequently much of the - - - . -

difigrent:ages. ; Relatively:fresh (<3 months) manuka and kanuka honeys contain approximately»-

developmeérit 'of the phenollc proflle occuis in the first five years 'of honey storage and aging.- © " -

Table 1 below describes the concentratlons of these components during the aging process.
0 - Whilst these compounds are common to manuka and kanuka honeys, the concentration of. :

some components differ S|gn|t|cantly in'these honeys

- Table 1 - The phenolic profile and concentration of pnnmpal components mg/kg in
*.monofloral manuka and kanuka honeys harvested in New Zealand and aged naturally for ;- -

ten-years. Values shown, mean * standard deviation

o o

b Q =

S S 2

= c ]
g 5 2 g 5 .
2 e £ F £ 3 E£:2 3

- © 3 [4)
g - 8§ 8. 3 7 s £ 2 3
> 5 = s o > © a 8 =
o c ¢ £ v Kt c fad
5§ & 2 EBEBE T s EE 3
I < c . < ® S ® = (%) » © =
Manuka 05 3 1743+ 4.8+0 31.3 193+ 942+ 1893z 714+
77.5 3 +4.1 24 8.0 78 72.3

5 3 1880+ 4.9:2 317 3107 3948 2622: . 1492
400 5 34 1585 2324 91 +45.0

10 2 2001+ 150+ 33.5 3835 520+8 2953+ 1538
- 58.0 42 6.4 403 2.0 62 +31.8

Kanuka 05 2 700.7x 93.3+ 23+ 63.3x 103.7 0963x2 42.4x
26.1 15.5 0.8 8.5 +11.9 0 23.4

5 2 1549+ 3070 34+ 3360 5925 2788 355:
' 83.4 212 11 2127 =+148 108 262

»10'1 1680 '512 7.2 338_"554 3091 17.0

5  The concentration of methylglyoxal in the manuka and kanuka honeys is also listed in Table 1.

‘Manuka honey,.derived from Leptospermum scoparium, contains methylglyoxal. As a manuka C

honey is aged the concentration of free methylglyoxal also increases in the honey. This-:

increase is understood to be due to a different mechanism to-the increase in- phenollcs owmg
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scoparium var. linifoliym exhibit similar profifes with a relatively more elevated ratio of
methoxylated benzoic acids. By comparison, Leptospermurm scoparium var, myrtifolium and
Leptospermum scoparium var. 'triketone’ have lower levels of methoxylated benzoic acids.
Since these varieties of manuka grow in different regions in New Zealand it is therefore possible

to identify regional characteristics in honeys based on their phenolic profiles.

EXAMPLE 8

In this example, age tests are fllusirated along with same consideration as to the accuracy with

which honey age may be defermined.

As noted above, the age of a honey can be determined based on the finding that phenclic
levels in honey change over time in a measurable and consistent manner. Manuka or kanuka
honeys are used below to Hlustrate this finding. Standard curves have been produced for these
honeys by the inventors derived from the concentration of the principal phenolic components in

the cifferent honeys.

The data is transposed and accordingly the agé becomes the predictive value, and equations
establishing fines of best fit for the concentration of the principal phenolic compounds through

the initial five years calculated. The resuits are shown in Figure 6,

The resuits found above are now applied to an unknown honay sample.

As detailed in Table 3 below, the method is applied to two relatively monofioral manuka and
kanuka honeys with an unknown age. An age is predicted based on the concentration of the
principal phenolic compounds and then compared to the known age. The resolution using this
method appears reasonable, as the calculated age values fell within the 95% confidence

interval of accuracy.

Table 3 - The application of the princlpal phenolic compounds standard curves ta predict the
age of manuka and kanuka samples.

Manuka honey, sample 1 Kanuka honey, sample 1

Principal phenolic ‘Predicted age (years) Principal phenolic Predicted age (years)
compounds (mg/kg) compounds {mg/kg)

2246 1.69 2418 3.46

It is expected that honey blends could alsa be tested using a similar pracess i.e. comparison to
a known standard based on the same underlying principle of the phenolic levels changing over
time. Blended honeys would require additional sets of standard curves to be prepared, and
would employ a representative range of dilutions of manuka and kanuka honeys with the

common forest and clover honeys harvested in New Zealand.
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 Far North, North Island NZ Honey.(Fresh)

" Far North, N‘or;;h Island NZ Honey (Aged)
Bush B_Iend Hdne;% from Hokianga NZ (Fresh)
Bush BIé_bd_ Hoﬁey from Hokianga NZ (Aged)
‘Waikato, NZ Wetlands Honey (Fresh)
Waikato, NZLWetlands Honey(Aged) .- -~
East Coast, North Island NZ Honey (Fresh)
East Coast, North Island NZ Honey (Aged)
Kanqké Honey (Fresh)
Kanl-Jka Honey (1 Year Old)
Kanuka Honey (2 Yéars Old)
» Kanuka Honey (3 Years Old)
Heated Manuka Honey
Clover Honey
_. Reyvare'wa.Honey
Standard - 2—methoxybenzoi_c, 80 mg/kg
" Standard — phenyllactic acid, 210 mg/kg
Standard ~ methylsyringate, 290 mg/kg
étandard ~ gallic acid, 700 mg/kg

Standard - syringic acid, 760 mg/kg

PCT/NZ2009/000301

.Table 2 - Antioxidant Levels for Honey Samples Tested . . . .. .. .

. Antioxidant Activity by- ABTS:Assay .. =~ -

umole TEAG/100g) - ™ . .-
RTINS 'Avet;ge ‘ Staﬁdérd";.- x
e Deviation . - .
T 14 ‘ 37 SR
 ose2 w0
176.4 9:2
189.9 08 . .
1438 1.5
237.7. 75
153.9 4.3
2437 3.4
1783 14
1485 7.4
193.3 8.3
239.6 114
305.1 2.5
49.7 3.2
215.9 3.4
518 1.3
" 546 13
85.1 2.7
1695.4 58.3
499.6 25.3

As can be seen in Table 2, the antioxidant levels increase in honey with age supporting earlier. .

Examples. This effect occurs irrespective of region from which the honey has been collected. "

Also noted was that honeys known to have medical activity e.g. manuka honey, had moderate. -

5  TEAC levels. Conversely, honeys known to have little medical activity e.g. rewarewa honey had . .

higher TEAC counts. This variation in medical activity is inderstood by the inventors to be . -

attributable to the phenolic levels (total TEAC count), but also the amount of methoxylated

21



CA 02748230 2011-06-23

WO 2010/082845 PCT/NZ2009/000301

#% ‘phenolic:compounds. Mariuka hgney has beer found by, the inventors to have a high number of - -

honeys s such as rewarewa have been found to contam fewer methoxylated phenolrc

- méthoxylated p'henolic-comp'ounds~e.g..methdxybenzoicacid and methyl syringate,.In contrast,. .., .

compounds and more non methoxytated phenollcs such as galhc acid. As noted m the above

o descnptron methoxylated compounds appear to have a greater degree of potency

EXAMPLE 4
In this example tests were completed to confirm the presence of phenolrc compounds in plant

nectar from whrch honey is derived.

The phenollc components can be isolated from the nectar of plant vanetres and specres Table
3 below illustrates some of the components isolated mg/kg from two distinct cultivars of
Leptospermum scoparium, and Kunzea ericoides. All of the phenolic compounds that are

present in the honeys are derived from these species and are present in the species’ nectar.

Table 3 - Phenolic components measured in cultivars of Leptospermum scoparium and

Kunzea encoides (mg/kg)

o Qo
2 B e &
] he) 1 < [+] =
-~ I N
& 2 = E > 5 & -
= s £8 £ 3 g 3
2 3 2 > 2 < S
% @ = 2 ., o o 5
— w . @ Y
> = 5 o S o £ = >
E 5 g £ E E S 3 S T £
© - S > 3 © ) T © o
o o [ n @ a < < =
L. scoparium 90 530 8.9 0.3 - 14
cultivar 1
L. scoparium 450 330 8.6 11.8 - 32
cultivar 2 »
Kunzea 380 850 14.3 Trace 72 Nit
ericoides . Detected

Given that the honey bees perform about a ten-fold concentration of the nectar during the

conversion into honey it is apparent three of these principal components are relatively more.

concentrated in the nectar than in the honey. This_ is evidence of in vivo phenolic self-
condensation reactions occurring as the honey bees perform nectar dehydration. Such in vivo.
self- condensatron reactrons have been well descrlbed in the study of aging in wine (Monagas et .

al. 2004’) In contrast syrlnglc acld concentratlon |s srmllar in nectar and fresh honey, mdlcatrng

21

' Monagas, M.; Gomez-Cordoves C.; Bartolome; B. 2004. Evolution of the phenolic content of red wines
from Vitis vinifera L. during ageing in bottie. Food Chem. 95(3) 405-412.

22



CA 02748230 2011-06-23
WO 2010/082845 PCT/NZ2009/000301

i this molecile.is mostly present-as’hydrolysable tannin in the nectar and the increased:. .-

i coficentration in aged honey.may. be. dueto;tannin.body:degradation.... -

. ”The anaIyS|s of nectar components i varlous glasshouse condltlons prov1des measurement of.;
o the pIants produchon of the dlfferent components and secondly productlon efﬂcnency in

5 '"dlfferent enwronments ThIS allows breedlng selectlon to be’ tallored to fit the mtended Iocatlons e

for plantatuon establlshment

- EXAMPLES .. -

" As noted above in Example 3, methoxylated phenolic compounds appear to have a greater
0 presence in-honeys {and hence nectars from honeys) that are associated Wlth greater medlcal

. .actlwty e.g. manuka honey.

" Afurthier example is provided below demonstrating the quantity of methoxylated phenolic = -
" compounds in a variety of honeys and their comparative levels to further exemplify the
- presence of these methoxylated compounds in more ‘active’ honeys as opposed to less
5  ‘active’ honeys.
In this example a wide range of honeys were tested using the same criteria to measure the
presence and concentration of 2-rnethoxybenzoic acid as a representative methoxylated

phenolic acid. The results found are shown below in Table 3.

Table 3 - Honey and Methoxylated Phenolic Compound Concentrations

A ) Sample 2-Methoxy-
Principal floral origin (and possible fioral Geographic
Honoy age . Benzoic Acid
contaminates) origin
: : {year) [mg/kg]
Manuka® L. scoparium var. incanum (Trifolium spp.) 0.1 Northland 327 -
Manuka® L. scoparium var. incanum (Trifolium spp.) 05 Northland 289
Manuka® L. scoparium var. incanum (Trifolium spp.) 0.9 Northland 29.0
Manuka® L. scoparium var. incanum {hive site not assessed) 2.5 Northland 52,1 .
Manuka® L. scoparium var. incanum (hive site not assessed) 35 Northiand 50.7 .
Manuka® L. scoparium var. incanum (hi\(e elte not assessed) 4.75 Northland 22.2
. Manuka® L. scoparium var. incanum (hive site not assessed).. . 5 Northland 148 -
Manuka® L. scoparium var. incanum (hive site not assessed) - - . 5.. .] Northland - 363
Manuke® L. scoparium var. incanum-{Trifolium spp., Knightia - 04 ‘| Norhiand © 87
Manuka® L. scoparium var. incanum-(Trifolium spp. K. excelsa, . 0.75 Northland 4.3
"Manuka® | L. scoparium var. linifolium (Trifolium spp., Weinmannia 0.25 Waikato 1222
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. jft ) waikate
B 05 _-Whanganu{ T
A 'L scopanum var:'m‘etone‘1 (Tnfohumspp) _' . - 01 -_:::East Coast
| Manuka® - - |.L scoparium var. tnkmone" (T nfohum spp. ) o 0.3 East Coast
Manuka® L scoparium var. tri ketor,je" (T _rifolil._:rr?_ spp.) o 0.5 East Coast : 6;_:} FE
Manuka® L. scoparium var. triketone"_ v(hlve“ site not assessed) 5.5 ‘Ea.st Coast 14 ‘
Manuka® L. scoparium (variety unknown,Ahive site nof assessed) 1.5 Unknown . 9.9
Kanuka® ‘ Kunzea e.ﬁcoit.:_les:(Tﬁfeli:ulm spp) oo o '0..1 Ner‘thlapd ) fmce .
l_(a_nekeb | Kunzea ericoides (hive site not assessed) - 1.5 Northland 07
Kanuke® | Kunzea ericoides (hivesitonotassessed) . - | 25 | Wakao | = 03
| Kanuka® - | Kunzea ericaides (hive site not asseseed) P 3.5 East Coast . ‘_1.1 )
Clover® Trifolium spp. (hive site not assessed) R B - ‘South island Traoe
Rewarewa® | Knightia excelsa (hive site not assessed) 5 Bay of Plemty 0.4
Nectar* - | L scoparium var. incanum cultivar, 4 samples - . - Bay of Plenty 17.7(8.6)
Nectar® Leptosperrm)m Nichollsii deﬁved cultivar, 2 samples - Bay of Plenty 7.6 (2.1)
Nectar® Kunzea ericoides, 1 sample - Bay of Plenty 05

® Samples collected from hive sites; A" Aged sémples from drums supplied by apiarists and
purchased as designated type; © Commercially jabelled product; ¢ Unclassified L. scoparium
variety that carries an enhanced triketone essential oil profile; ® Nectar samples collected from

flowering specimen; ' Qualitative measurement.

5  As shown in Table 3, the concentration of 2-methoxybenzoic acid is higher in manuka origin
honeys than either kanuka, clover or rewarewa derived honeys suggesting methoxylated

- phenolic compounds may be important to medical efficacy.

EXAMPLE 6

10 In this example, tests to defermine whisther or not MGO has been added to honey or whether

or not honey has béen heated are |l|ustrated

Fortification of a manuka honey with methylglyoxal can be readlly detected by the expected
concentration of methylglyoxal on the aglng curve or a comparison between the expected .
concentratnons of methylglyoxal and pnnmpal phenollc compounds in a manuka honey. The .

15 ‘ ‘amflcnal adqltton of methylgl_ypyd to _oth_e‘r‘ h_oney types can also be detected.

“The alteration of thepr-o'fileb‘y heating is similar to the artificial fortification with-methYIglyoxaI;
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_"_'Furthermore it has be en .

"'value and a-reductlon-,ln the honey enzymae i

'_“Aand three-fold of 3 deoxyglucosulose (3 DG) |nAassocrat|on with’ hydroxymethylfurfuraldehyde,

. (Marvrc 20072) ‘confirming the methylglyoxal content is derrved from plant nectar rather than

! however heat, treatment is readlly detected by,analysus of hydroxymethylfurfuraldehyde HME), . .-

ertase actlwty (Karabournlota & Zervalakl 2001 1) :

oneys contaln elevated Ievels between two-

- and more |mportantly these' honeys do-not develop methylglyoxal content. despite bemg heated_.,.__

**.~* chemical feactions in‘the- honey upon storage.

30

" Figure 4 lllustrates the conceritration of methylglyoxal in naturally aged manuka honeys -

harvested from Leptospermum scopanum Two manuka honeys that are aged between 6 .
months and 1 year and were heated at approxrmately 30°C for three months after. extractron by .. .

the apiarist are also plotted and these honeys significantly deviate from the standard curve.

,Frgure 5 |I|ustrates the relatlonshrp between the concentratlon of principal phenohc compounds

y and methylglyoxal in naturally aged manuka honeys The two honeys that have recelved an

artificial heat treatment contaln a S|gn|frcant|y greater concentratron of methylglyoxal

As should be apparent from review of the above is that it is possible to determine whether a
honey sample has been fortified with MGO or heat treated by reference to a known and
untreated honey. This is because MGO and phenolic concentrations in the honey change in a
predictable way over time and as illustrated in the above graphs, variations to this natural

process are obvious.

EXAMPLE 7
In this example, a test for regional.variation is described.

As noted in the above description, there are also regional differences in the phenolic profites of

different types of honey.
in this example manuka honey harvested in New Zealand is referred to.

The inventors have analysed various manuka honeys where the variety of manuka plant from

which the honey was derived were known. The separation of these Leptospermum scoparium

varieties is in accordance with the divisions derrved from essential oil chemotaxonomy and

populatlon genetlcs cIassrflcatlon prevrously outlined (Stephens 20063)

An illustrative flndmg is that Leptospermum scopanum var. incanum and Leptospen'num

30- : .. :
- Karabourniota, S.; Zervalaki,-P. 2001. The effect 6f heating on honey HMF and invertase. Apiacta 36 (4)

177-181.

» Mavric, E. 2007. ArglnlnderivatISIerung and 1,2- Drcarbonylverbmdungen in Lebbensmitteln. PhD

Thesis, Technische Universitat Dresden, Dresden, Germany. ‘
- Stephens, J. M. C. 2006. The factors responsible for varying UMF levels in manuka (Leptospermum o
scoparium) honey. PhD Thesis. University of Waikato, Hamilton, New Zealand.
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scoparlum var. linffolium, exhlbrt smrlar proflles W|th a relatrvely more. elevated ratio of. -

..x.»_:methoxylated benzorc aCIds By comparlson Leptospermum -Scoparium var.. myrt/follum and

Leptospermum scopanum var trlketone have Iower levels of methoxylated benzoro acrds

" 'EXAMPLE 8
In this example, age tests are illustrated along W|th some consideration as to the accuracy with

which honey age may be ‘determined.’

1] h As noted above the age ofa honey can be determmed based on. the frndrng that phenOIIC '
levels in honey change over time in a measurable and consistent manner. Manuka or kanuka
' honeys are used below to rllustrate this frndmg Standard curves have been produced for these .
' honeys by the inventors derlved from the concentratlon of the pnncrpal phenolic components in

" the different honeys.

I5  The data is transposed and accordingly the age becomes the predictive value, and equations
establishing lines of best fit for the concentration of the principal phenolic compounds thro_ugh

the initial five years calculated “The results are shown in Figure 5.
The results found above are now apphed to an unknown honey sample.

As detailed in Table 3 below, the method is applied to two relatively monofloral manuka and
0 kanuka honeys with an unknown age. An age is predicted based on the concentration of the
. principal phenolic compounds and then compared to the known age. The resolution using this
method appears reasonable, as the calculated age values fell within the 95% confidence

int_erval of accuracy.
Table 3 - The application of the principal phenolic compounds standard curves to predict the
5 , age of manuka and kanuka samples.
Manuka honey, sample 1 ‘ Kanuka honey, sample 1

Principal phenolic Predicted age (years) -  Principal phenolic Predicted age (years)
compounds (mg/kg) . compounds {(mg/kg)

2246 v 189 C 2418 3.46

it ivsv'expect‘ed that honey blends could also be tested dsing a simirar process i.e. comparison to.
a known standard based on the same underlymg principle of the phenolic levels changing over

' trme Blended honeys would requrre addmonal sets of standard curves to be prepared and
would employ a representa’nve range of drlutlons of manuka and kanuka honeys wrth the

30  common forest and clover| honeys harvested in New Zealand
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g samples i§ lllustrated

_' The ratlo of selected phenollc components along thh methylglyoxal can be employed to '

25 -

.~Broom, s. J.; Wilkins, A. L.; Lu, Y, Ede, R. M. 1994 Novel nor-sesquiterpenoids in New Zealand honeys S

. determlne the purity of honeys
‘ ln thls example, manuka and kanu ka honeys are used to illustrate this eﬁect

. The congentration of phenyllactlc amd and the sum of the principal phenohc components
' correlate strongly for both manuka and kanuka honeys As a result, either value can be applled
to the calculatlons in determlmng plant orlgln These ratios remain fairly constant throughout

the aglng process

For example, the concentration of 4-methoxyphenyllact|c acid is one of the most useful

phenolic component indicators of purity. The concentration of 4-methoxyphenyllactic acid is

Aconsistently less than 1% of sum of principal phenolic compounds in a manuka honey but

always around 10% or greater in a kanuka honey. As a result it is very easy to distinguish

between these species.

Likewise the presence of methyliglyoxal is a key indicator of the purity of a manuka honey.
Figure 2 illustrates the relationship between the concentration of methylglyoxal and the sum of

principal phenclic compounds in a naturally aged manuka honey.

The other floral honey types commonly harvested with manuka and kanuka honeys do not

- contain either the same phenolic compounds or methylglyoxal, and may-also carry unigue

:phenolic markers again helping to distinguish between honey plant origins. For example clover.

(Trifolium spp.) and rewarewa (Knightia excelsa) honeys do not contain elevated levels of the
target phenolic compounds, and kamahi (Weinmannia spp.} (Broom et al. 1994") and heather

(Erica spp.) (Hyink 1998% honeys contain unique kamahines and ericinic acid respectively

“making this easily distinguished.

Table 4. below lists the concentration of these components in four six-month old honeys; and ‘

provides a set of examples where the phenolic profile in association with the methylglyoxal

concentration allows the predlctlon of the floral sources.

Table 4 - The concentratlon of the pnncnpal phenollc compounds (mg/kg) in four six month old '

3.

The relative and absolute stereochemlstry of kamahines: an extension of the Mosher method to -
hemiacetals. -Journal of Organic Chemistry 59: 6425-6430.

~Hyink, W. 1998. A chemical investigation of some New- Zealand honeys. MSc Thesns
University of Waikato, Hamilton, New Zealand.
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ot o honeys harvésted-in New:Zealand

g 9 :i::%,' o PR -
B8 R g ‘5 BEE
2 O: ) = c « 5§ @ o . g @ .. .
=y . < O DB > g.g L e el D o
co R -3 S R o gt & e gt T
s =3, g ®W £« = £ £ X o o £ :
@ E g £ £ B g 2 %= 3
IR T S 3 5 ° 83§ =
AR "o = g B ® 2 .
1 1720 65 252 28 104~ 1883.2 0.32 670
2 . 1380 54 138 38 106  1591.8 339 . 428
'3 730 7 104 16 55 128 10186 1021 14

4 a0 48 06 24 58 5106 940 O
* Pnnc:pal phenollc compounds include phenyllactic acid, methoxylated phenyllactlc ac:ds ]

methoxylated benzoic acids, syringic ac:d methylsynngate or its isomeric forms.

" Sample 1 is a monofloral manuka honey as the ratio of 4-methoxyphenyllactic acid is Iess than -
5 1% of total phenolic compounds, phenyllactic acid concentration is relatively high and

methylglyoxat concentration fits the standard curve for manuka honey.

Sample 2 is a manuka/kanuka blend honey; the 4-methoxyphenyliactic acid ratio falls between
the monofloral manuka and kanuka predicted percentages, as does the concentration of

phenyllactlc acid, and the methylglyoxal concentration is approximately half of expected value.

0 Sample 3 is a monofloral kanuka honey; the 4-methoxyphenyllactic acid ratio is 10%,

phenyllactic concentration acceptable and methylglyoxal is practically absent.

Sample 4 js a kanuka/clover blend honey; the concentration of the principal phenolic
components is proportionally reduced, methyliglyoxal is absent and the 4-methoxyphenyllactic

acid ratio is almost 10%.

5  Clearly this method, with the development of a suitable database to act as a comparisoh allows

for accurate determination of what plant species the honey in question is derived from.

Furthermore the above example differentiating New Zealand honey plant orlglns should not be
'seen as limiting as the same principles can be ‘used to dlstlngwsh between honey plant onglns
in other countriés: For example, the phenollc compound proflle for Australian Jellybush honey

0. harvested from -Leptospermum polygalifolium and Eucalyptus spp. Honeys.have been
de{ern;i\ined (Yao et al, 2003"). These pl'ant"épecies exhibit significantly different phenolic - ...
.21 .

Yao L Datta N Tomas-Barberan F. A Ferreres F.; Martos l; Slngannusong, R. 2003 _
.Flavonoids, phenolic.acids and abscisic acid in Austrahan and. New Zealand Leptospen'num PR
" horieys. Food Chemistry 81: 159-168: : ,
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-7 profiles from*New.Zealand honeys and therefore differentiation will be possible for plant origin. ...

Ir'_ﬁhié 'ex?;mplév't‘héﬁmpéct df("héét"bri“bhehqlic concentration a'hd:vﬁ'iethylg_lyoxgl i§ mi L
5 - demonstrated.. = - T o o '

! As shown i'h“F'igl'Jre 7; the main éf‘fectf‘ﬁétéd vs}as a éignfficarﬁ Chénge in MGO levels ﬁi'easured; PR

'EXAMPLE 11

In this example, the rate of both methylglyoxal formation and available phenolic compodndsand .
0 the influence of blend ratios and length of storage is shown. Figure 8 illustrates the influence

noted. -

EXAMPLE 12
Acidification can be used to manipulate methylglyoxal concentration when honey stored at .

5  room temperature.

. As shown in Figure 9, acidification drammatically increased the concentration of both phenolic

compounds and MGO in honey. Acidification was demonstrated to pH 3.8.

EXAMPLE 13

0 In this example a trial is demonstrated whereby a variety of bee polien samples were collected

and analysed to assess the concentration of a selection of key phenolic markers.

The key phenolic markers were phenyliactic acid, methoxyphenyllactic acid, 2-methoxybenzoic
acid, 4-methoxybenzoic acid, syringic acid, methylsyringate, hydroxydimethoxybenzoic acid
and trimethoxybenzoic acid.

'5  The resulting concentrations weré comparéd against that measured in honey of the same
source to-observe whether a correlation exists between the pollen and honey. MGO results
were also taken as a further comparative measure.

As shown in Figure 10, whilst tfle key phenolic mafkérs Wére detected in both the pollen and
' hohéy, there ‘is‘ no correlation bet\'/«/éen‘th'e two with a wide spi’ead of results. In addition, MGO -

0 results showed no correlation between the polllen and honey levels.

This example illustrates that pollen is not a reliable indicator of phenolic-levels in honey unlike

. plant nectar-demonstrated in earlier examples.
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n thls example a tnal is demonstrated companng the presence of dlfferent phenollc markers in:

T vanous honeys

EXAMPLE 44

;Phenollc markers measured and |I|ustrated are the same as those noted |n Example 13 above. . ..

“The 'res‘ult's fo‘und arevillustrated | |n‘. Figures 11 and 12

As can be seen from the Figures, there are marked differences between different honey tybes.
For example, manuka honey has a 2-3 fold greater concentration of phenolic marker )
compounds than kanuka honey Also, manuka honey has a 3-fo|d greater concentration of 2-. -

methoxybenzmc acid than kanuka honey

Also, kanuka (and manuka) have-markedly different concentrations of the key phenolic markers .

tested than other honeys inciuding clover, rewa rewa and kamahi.

The above’ﬁndings further demonstrate that it is possible to distinguish honey produced from -
different plant sneciéé. By way of example, manuka honey and the purity of the manuka honey
may be determined by analysing the concentration of key phenolic marker compounds and/or
by measuring the amount of 2-methoxybenzoic acid in the honey and comparing the results to

a known database.

EXAMPLE 15

This example demonstrates further the correlation between key phenoiic markers in nectar and

honey.

As noted above, pollen phenolic concentration does not correlate well with honey phenolic -

concentration. In contrast, and as demonstrated above as well, a good correlation is observed

_between nectar phenolic concentration and honey phenolic concentration. This examples .

further illustrates this correlation by comparing samples of manuka honey and nectar as well as

samples of kanuka honey and nectar.

_ As. shown in Flgure 13 and Figure 14, the comparatlve concentrations of three phenolic .

compounds were highly correlated in the honey and nectar in both manuka and kanuka thereby

.- further illustrating the correlation between these two forms.

0

EXAMPLE 16

" In this example, further details.are provided as found by the inventor’s for various properties of

- honeys.-. - °
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A wide variety of honeys were'tested by the inventors as outlined .already outlined in Example 5.,

above.

Further resuts found by the inventors for.a variety of phenolic compounds and MGO are™. . : . ..

illustrated below in Table 5. . -

5 . .- ‘_._;.Tap‘IeASI'—VI:_'fhenol_ic qo@goyn§_§ ar_)d‘M_G;O: p'resen't'_iri ,var.i__o_us hbneys_;'
Sample | 8- . . Metyl | 4 . |  MGO
‘ ' metho'xypﬁéﬁyl‘ ’Asz).'HAri‘g:at‘e‘:f‘met'hoxyphér"\yl‘ ‘ -
7 Jacticacid | - : -lactic acid
1 62 | 51 ‘| 58 - -| 658
2 91 54 . 5 651
3 103 63 ___ 45 793
4 8.1 112 2.8 1420
5 R 3.4 1080
6 429 168 56 1453
7 371 103 2.1 1541
8 9 50 363 425
9 97 15 8.1 218
10 320 99 25.2 297
11 357 56 9.6 512
12 369 74 - 9.2 783
13 334 111 256 1004
14 56 9.4 7.4 102
15 411 28 2.2 309
16 14 _ 18 68 ar2
17 428 sa | 23 469
18 " 502 207 182 270
19 440 103 8B 1490
20 7.8 39 13.9 tr
21 108 80 . 87 37
22 213. 12 161 ‘ 6
23 351 130 157 174
24 8 1.7 5 I nd
25 46 127 tr _nd
26 4.3 11 0.6 1
27 7.3 105 tr - . 1r
28 , -1 474 133 . tr

As may be seen from the above results, a finear correlation is obvserved for honey between age .

and phenolic compounds such as 3-methoxyphenyliactic acid, 4-methoxyphenyllactic acid,
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methyl syririgate; and 2:methoxybenzoic.acid: MGO'also-shows a linear- correllation:(when ;i ¢.: i’

present)-with an'increase-in‘age.

) "'_'The above resiilts also show how. one variety iy, be dlstmgunshed from another. -For example,
"manuka honeys tested had' very different’ Ievels of 4 methoxyphenyllactlc acid than kanuka
5 - honeys hence thlS phenohc isa candudate compound to ldentlfy when estabhshmg the floral

orlgln of a honey

) Aspects of the presem invention- have been descrlbed by way of example only and it should be
- appreciated that modifications and additions may be made thereto without departing fromthe - -

* scope of the claims herein.
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WHAT IS CLAIMED IS:

1. A method of determining whether or not a batch of honey has been manipuiated and
thereby rejecting or accepting the honey batch, the method comprising the steps of:

(a) obtaining a sample or samples from the batch of honey;

(b) measuring the concentration of at least one phenolic compound in the honey

sample or samples; and

() determining whether or not the measured phenolic concentration agrees with a
reference correlation between an age of the honey and the phenolic concentration of the honey,

wherein;

i. if the measured phenolic concentration is more than two standard deviations
higher or lower than that predicted via the reference correlation, the honey batch is

rejected;

ii. if the measured phenolic concentration is within two standard deviations
of that predicted via the reference correlation, the honey batch is accepted.

2. A method of determining whether or not a batch of honey meets label declarations as to
floral origin and regional origin, the method comprising the steps of:

(a) obtaining a sample or samples from the batch of honey;

(b) measuring the concentration of at least one phenolic compound in the honey

sample or samples; and

(c) determining whether or not the measured phenolic concentration agrees with a
reference correlation between an age of the honey and the phenolic concentration of the honey,

wherein;

i. if the measured phenolic concentration is more than two standard deviations
higher or lower than that predicted via the reference correlation, the honey batch is

rejected as not being true to the label declarations;

il. if the measured phenolic concentration is within two standard deviations of
that predicted via the reference correlation, the honey batch is accepted as being true to

the label declarations.

3.  The method as claimed in claim 2 wherein the at least one phenolic compound is 2-

methoxybenzoic acid.

4. A method of determining whether or not a batch of honey has been manipulated and
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thereby rejecting or accepting the honey batch, the method comprising the steps of:
(a) obtaining a sample or samples from the batch of honey;

(b) measuring the concentration of methylglyoxal (MGO) and at least one phenolic

compound in the honey sample or samples; and

(c) determining whether or not the measured MGO concentration agrees with a
reference correlation between an age of the honey and the phenolic concentration of the honey,
wherein;

i. if the measured MGO concentration is more than two standard deviations
higher or lower than that predicted via the reference correlation, the honey batch is
rejected;

ii. if the measured MGO concentration is within two standard deviations of
that predicted via the reference correlation, the honey batch is accepted.

5. The method as claimed in any one of claims 1 to 4 wherein the phenolic compounds are
selected from the group consisting of: phenolic acids, phenolic saits, phenolic esters, related
polyphenolic compounds, and combinations thereof.

6. The method as claimed in any one of claims 1 to 5 wherein the phenolic compounds are

derived from tannin compounds.

7.  The method as claimed in claim 6 wherein the tannins are hydrolysable tannin
compounds.

8.  The method as claimed in any one of claims 1 to 7 wherein the phenolic compounds are
methoxylated.

9. The method as claimed in any one of claims 1 to 8 wherein the phenolic compounds are
selected from the group consisting of: phenyllactic acid, methoxylated phenyllactic acid,
methoxylated benzoic acids, syringic acid, methyl syringate, isomeric forms of methyl syringate,

and combinations thereof.

10. The method as claimed in claim 9 wherein the methoxylated benzoic acids are 2-

methoxybenzoic acid and 4-methoxybenzoic acid.
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11.  The method as claimed in any one of claims 1 to 10 wherein the phenolic compounds
are selected from the group consisting of: gallic acid and methoxylated derivatives, cinnamic

acid, methoxyacetophenone, ellagic acid, and combinations thereof.

12.  The method as claimed in any one of claims 1 to 11 wherein the presence of phenyllactic
acid as well as methoxylated and/or hydroxylated derivatives thereof are also measured and

analysed.

13. A method of determining:
(a) whether a honey has been heated; and/or
(b) whether a honey has been acidified; by the steps of:

(i) knowing the approximate age of the honey and measuring the concentration
of phenolic compounds and/or MGO in the honey; and,

(i)  comparing the measured concentration of phenolic compounds and/or MGO
against a control honey with a known age.

14. The method as claimed in claim 13 wherein the phenolic compounds in the honey are
in a form selected from the group consisting of: a free form, a complexed form, and mixtures
thereof.

15. The method as claimed in claim 13 or 14 wherein the phenolic compounds are
selected from the group consisting of: phenolic acids, phenolic salts, phenolic esters, related

polyphenolic compounds, and combinations thereof.

16. The method as claimed in any one of claims 13 to 15 wherein the phenolic compounds are

derived from tannin compounds.

17. The method as claimed in claim 16 wherein the tannins are hydrolysable tannin

compounds.

18. The method as claimed in any one of claims 13 to 17 wherein the phenolic compounds are

methoxylated.
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19. The method as claimed in any one of claims 13 to 18 wherein the phenolic compounds
are selected from the group consisting of: methoxylated benzoic acids, syringic acid, methyl
syringate, isomeric forms of methyl syringate, and combinations thereof.

20. The method as claimed in claim 19 wherein the methoxylated derivatives of benzoic acid

are benzoic acid, 2-methoxybenzoic acid and 4-methoxybenzoic acid.

21. The method as claimed in any one of claims 14 to 20 wherein the presence of phenyllactic
acid as well as methoxylated and/or hydroxylated derivatives thereof are also measured and

analysed.
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